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Michel Jarraud, Secretary-General, WMO
Koïchiro Matsuura, Director-General, UnESCO

Foreword

Over the past 30 years, significant progress has been made in observing, understanding and to some extent predicting the variability 
and changes in Earth’s climate system. This progress was made possible by a remarkable international cooperation. Climate 
variability and change pose many major challenges, and the debate surrounding climate issues illustrates the difficulty of transforming 
knowledge into appropriate actions transcending beyond any single nation, as required to respond effectively to these challenges.

 There is now an overwhelming consensus that human activities have been affecting the composition of Earth’s atmosphere, 
significantly altering our environment. These changes, together with the natural variability of the climate system, are affecting 
every socioeconomic sector. Furthermore, it is anticipated that the frequency and intensity of a number of extreme events such as 
floods, droughts and heat waves are very likely to increase in the next decades. These changes and their effects will be felt at the 
global, regional and local levels, and they will impact water resources, global agriculture and food security, energy and transport 
systems, marine and terrestrial ecosystems and the services we derive from them – to give just a few examples.

 By bringing together perspectives from the various stakeholders, from fundamental science to customized services, at the 
international, regional, national and local levels, Climate Sense provides an invaluable view of the progress and challenges 
for responding to climate variability and change. The World Meteorological Organization (WMO) and the United Nations 
Educational, Scientific and Cultural Organization (UNESCO) are pleased to co-lead this collaborative effort to advance the 
climate observations, research and assessments necessary for informed decision- and policy-making by public authorities and civil 
society – and in this way improve world security and sustainability.

 To translate the scientific understanding of climate system for policy-makers, nations have together established global observing and 
information systems, mandating their National Meteorological and Hydrological Services, as well as their marine and ocean institutions, 
to play a critical role in collecting relevant data and making this basic information available worldwide. As a result of such efforts climate 
research programmes like the WMO/UNESCO/International Council for Science (ICSU) co-sponsored World Climate Research 
Programme (WCRP), as well as intergovernmental bodies such as the Intergovernmental Panel on Climate Change (IPCC) – which was 
awarded the Nobel Peace Prize in 2007 – have come into existence. As part of the UN-wide effort to unify delivery on climate change, 
UNESCO and WMO have been given the responsibility to lead in the cross-cutting area of climate knowledge. These efforts have 
provided policy- and decision-makers with an up-to-date scientific understanding of climate variability and change. 

 The personal statements and papers presented in this publication, Climate Sense, convey the richness, the level of commitment, 
and the good will and cooperation that exist today to take on this multi-generational challenge and to respond to it most effectively.

 The publishing of this unique book on the occasion of World Climate Conference-3 (WCC-3), from 31 August to 4 September 
2009, serves as a reminder of the importance of climate adaptation as a necessary strategy to cope with climate variability and 
change. Organized by WMO, WCC-3 will create a global framework for climate services, providing society with the information 
and the tools for managing risks and seizing opportunities generated by the climate. Through its sharing of best practices across a 
variety of disciplines and sectors, Climate Sense is a unique resource for advancing the framework.

 We thank Tudor Rose for publishing Climate Sense, and appreciate the work of all those who contributed to this publication.

Michel Jarraud, Secretary-General, WMO
Koïchiro Matsuura, Director-General, UNESCO
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Alexander Bedritsky, President of WMO

Preface

Climate variability and change are posing unprecedented challenges to society. Every day, scientists are making discoveries 
that shed insight into the many and varied ways climate affects the Earth system and how that impacts people and economies.  

 Over the last three decades, the World Meteorological Organization (WMO) has mobilized the international community around 
the climate issue. It was WMO that in 1976 issued the first authoritative statement on the accumulation of carbon dioxide in the 
atmosphere and the potential impacts on Earth’s climate. Since then, WMO and the National Meteorological and Hydrological 
Services (NMHSs) of its 188 Member States and Territories have built a foundation of observations, research and scientific 
assessment to understand climate variability and change. 

 There is now an urgent need to organize the global community to develop and disseminate the best-available climate information 
needed by the regions and sectors, globally. WMO and its Members are rising to this challenge, developing climate research and 
services to help policy-makers and decision-makers everywhere prepare for changes in climate and respond with actions informed 
by the best available science. Climate predictions at the seasonal to multi-decadal scale enable key socioeconomic sectors to plan 
ahead in the light of anticipated natural hazards and other weather-, water- and climate-driven phenomena. The ultimate goal is to 
strengthen interactions between climate information providers and users to develop climate services that advance socioeconomic 
development while ensuring hydrometeorological and environmental security around the world. 

 A climate information system is required to aid decision-makers in policy, infrastructure development and investment decisions. 
Such a system would be based on: reliable climate predictions over timescales of seasons to decades; tailored forecasts for regions 
and localities; integration of atmospheric, oceanic, terrestrial and social data into a comprehensive Earth System prediction; and 
decision-support interfaces that can be adjusted to provide user-specified scenarios. 

 The common goal of the global community for the new decade should be to have in place such a system that enables 
regional assessments that are well organized and based on the best scientific understanding and knowledge available at the time. 
Furthermore, the global community should aim to deliver the needed information to the network of regional and local experts, 
especially for the developing regions of the world. Such a system must build on the solid foundation of Earth observations, research 
and prediction, as well as the assessment capabilities that the global community has put in place during the past 30 years, but it 
must also be responsive to the needs of global and regional decision-makers.

 Investing in a climate information system is the best way to ensure that our generation and future generations have the ability 
to manage the risks and realize the opportunities associated with climate variability and change. WMO continues to facilitate the 
exchange of climate knowledge not only among NMHSs but also with the broad international community as the UN System’s leader 
in the field. 

 We thank Tudor Rose for providing an opportunity to highlight how WMO and its Members are working with decision-makers 
and experts across all disciplines to enhance climate services for protecting people’s lives and livelihoods, and for improving the well-
being of all.

Alexander Bedritsky, President of WMO
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Special message from Ban Ki-moon, Secretary-General of the United Nations

Climate change is one of the most serious challenges that humankind has ever faced. It affects every aspect 
of society, from the health of the global economy to the health of our children, from food security to 
international peace and security. We must act quickly, equitably and decisively to protect people and the 
planet. Without delay, we must reduce global greenhouse gas emissions and set our economy on a cleaner, 
more sustainable, low-carbon path. 

Governments from around the world are working to address the climate challenge. Any agreements they 
reach must meet the ‘scientific bottom line’ – that is, what the world’s scientists are telling us is necessary to 
avert catastrophe. They must be fair and effective in mitigating emissions. And they must increase assistance to 
vulnerable populations as they adapt to the inevitable impacts of a changing climate. Such help will be crucial in 
strengthening our ability to fight poverty and achieve the Millennium Development Goals. 

Climate change is a global problem that requires global solutions and collaborative efforts that span 
disciplines and borders. By showcasing knowledge and promoting informed decision-making, Climate Sense 
makes a timely contribution to the efforts of the United Nations system and its partners to ‘deliver as one’ in 
meeting the climate challenge. 

 

Ban Ki-moon 
Secretary-General of the United Nations
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Statement by Ólafur Ragnar Grímsson, President of Iceland 

At the dawn of the 21st century, Iceland is at the centre of climate change. Our glaciers, the largest in 
Europe, are receding rapidly and so increasing the likelihood of dramatic volcanic eruptions. The ocean 
currents, transformed by the melting of the neighbouring Arctic ice cap, could alter their movements so 
as to affect every continent on earth. Iceland’s entire water systems, wildlife, patterns of soil and land 
alterations are no longer as they used to be.

These changes present extraordinary democratic and moral challenges to our scientists and policymakers, to 
civil society and political institutions. The key to addressing such challenges will invariably be knowledge.

Icelandic scientists have studied the glaciers and mapped the weather patterns for decades in all regions of 
the country, often assisted by enlightened citizens and an actively engaged public. Early on, research on the 
oceans and soil preservation became the pride of the nation and represented an important contribution to 
global understanding.

We can now draw on this wealth of wisdom to enable other countries to gain a new perspective on the 
changes in their part of the world. But Iceland has more to offer.

In the second half of the 20th century Iceland decided to transform its entire national energy system from 
primary dependence on fossil fuels to become a global leader in the area of clean and sustainable energy.

Our experience proves that it is possible to combat climate change if the necessary energy policies are put 
into action, and if citizens and governments alike take up such initiatives in earnest.

Iceland thus represents both a warning and a vision to the world. It demonstrates the alarming rate of 
climate change, but also how it can be averted.

Ólafur Ragnar Grímsson
President of Iceland
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Statement by Dr Danilo Türk, President of the Republic of Slovenia 

Slovenia is by no means immune to the problems of climate change, despite its favourable geographical 
location between the Alps, Mediterranean and Pannonian Basin. During the last three decades global 
warming has brought us frequent droughts and heat waves. In the autumn of 2007 Slovenia suffered 
severe flash floods, while in the summer of 2008 we were hit by devastating storms. Unfortunately, we 
can expect similar events during 2009. 

Agriculture is particularly affected by these increasingly frequent, extreme climate events. Therefore our 
primary focus in the climate change adaptation process is to prepare an adaptation strategy for agriculture. 
Indeed, Slovenia took an active role to this by accepting responsibility for the Drought Management Centre for 
Southeastern Europe. 

The climate is changing much faster than the habits of the people that live on this planet, and as such we 
need to fundamentally shift our attitude towards the environment. To do this, first of all, we have to truly 
appreciate that the environment cannot be taken for granted. 

I believe that if the world takes the necessary steps in a prompt fashion – with the richer countries 
taking responsibility and leading the way – we can tackle climate change successfully. Although it is not 
an easy task, I am convinced that if we unify our collective strengths and resources we can achieve the 
common goal of ensuring that our planet is a decent place to live – not only for ourselves, but also for 
our children. The EU countries have to lead the way, but it is crucial that everybody participates – our 
responsibilities are differentiated, but at the same time shared.

 

Dr Danilo Türk
President of the Republic of Slovenia
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Statement by Angela Merkel, Chancellor, Federal Republic of Germany

Climate protection is one of the biggest challenges facing us in the 21st century. The scientific facts are 
clear: the pace of climate change is accelerating; it is endangering our security and economic development. 
The impact will be dramatic and the risks uncontrollable, if we do not take resolute action right now.

It therefore makes complete ecological and economic sense for the world to agree at the Conference of 
the Parties in Copenhagen at the end of this year on an ambitious, effective and comprehensive climate 
convention for the period after 2012. With this new convention we must pave the way for reduced global 
emissions. If we succeed in cutting emissions by at least 50 per cent from 1990 levels by 2050, we will be able 
to keep the global rise in temperature below the critical two degrees Celsius mark.

At the same time we must intensify our efforts to adapt to climate change. So the Copenhagen Convention 
should also provide an appropriate framework for the development and implementation of adaptation 
strategies. The precondition for this is the systematic analysis and evaluation of the effects of climate change 
on infrastructure, environment and nature. Attention should be given to particularly hard-hit regions, such as 
coasts and mountain ranges, and to economic sectors, above all agriculture and tourism, as well as to health-
related aspects.

I therefore welcome the goal of the World Meteorological Organization and the World Climate Conference-3 
– namely, to improve the international community’s ability to predict key climate trends and risks. The 
planned new information network can play a decisive role in allowing climate information and predictions to 
be used more effectively to plan adaptation strategies. Only on the basis of reliable and scientifically sound 
information can effective action plans be drawn up and implemented.

With this admirable initiative the World Meteorological Organization is building a bridge between 
established climate data on the one hand and the application of climate information by decision-makers on 
the other. It is thereby making a valuable contribution to the endeavours to counter the impact of climate 
change on the world’s population.

 

Angela Merkel
Chancellor, Federal Republic of Germany



[ ]16 

STATEMENT BY José Luis Rodriguez Zapatero, PRESIDENT OF THE GOVERNMENT OF SPAIN

I appreciate the invitation of the World Meteorological Organization to contribute, as President of the 
Government of Spain, to this publication commemorating the World Climate Conference-3. I believe that 
this conference, as well as this publication, will contribute in a significant way to a better acknowledgement 
of the vulnerability of society to climate evolution, as well as to the necessity for long-term political and 
economical actions to assure the sustainable progress and development of humankind. 

As indicated by the last Intergovernmental Panel on Climate Change report, the Iberian Peninsula is a 
highly vulnerable region with regards to the climate change process, and some of the first effects are already 
evident in our natural, economical and social environment. As such, the development of adaptation and 
mitigation policies is a high priority for my government, as is contributing to joint global efforts to prevent 
humankind from being seriously affected by climate change. Indeed, this aim should serve as a foundation for 
the development of a new ecological conscience, as well as for a model of economical development compatible 
with this.

I reiterate my appreciation to the United Nations for its efforts – made through the World Meteorological 
Organization – and I fully support its efforts to maintain and reinforce activities that are critical to the future 
of our planet.

 

José Luis Rodriguez Zapatero
President of the Government of Spain 
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Statement by Lars Løkke Rasmussen, Prime Minister, Denmark

The World Meteorological Organization has chosen to publish this book at a crucial hour. Once again 
we are presented with clear and unambiguous evidence of the severity of climate change. The scientific 
community is playing a crucial role in keeping the facts on the table, both in terms of identifying the 
problems and pointing to the solutions. The more we are confronted with those facts the greater is the 
probability that we will conclude an ambitious agreement in Copenhagen, in December this year.

 Climate change affects our way of life and all the environments around the world. This book contributes 
to promoting the application of climate information and predictions to societal problems. It explores how to 
enable adaptation to climate variability and change in areas such as agriculture and food security, water, health, 
energy and wildlife. All these aspects are important and must be dealt with on international, regional, national, 
municipal and local levels. 

 COP15 in Copenhagen may be one of the most important meetings of this new millennium – a meeting 
where we cannot afford to fail. I expect the world to deliver particularly on three elements. First of all we have to 
reverse the trend of CO2 emissions; secondly we have to agree on a pathway towards achieving our targets; and 
thirdly we have to set in motion the policies and measures to sustain this process.

 It is my sincere hope that in 10-15 years, when we look back at 2009, we will see it as the year where world 
leaders finally stopped ignoring the strong evidence evinced by the scientific community. The year where we 
realized the potential of low-carbon transition. The year where we made the necessary decisions. We still need 
science to stay engaged, and we will draw upon the scientific community’s advice in the search for solutions 
compatible with political and economic realities. The world must find a way – and I remain confident that we 
will find it.

 

Lars Løkke Rasmussen 
Prime Minister, Denmark
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Statement by Moritz Leuenberger, Minister of the Environment, Transport, 
Energy and Communications and former President of the Swiss Confederation 

The face of the world is changing. From our planet’s alpine peaks to its ocean depths, from its verdant 
plains to its arid steppes, climate change affects our daily life, our environment and our economies.  

No nation is spared from making far-reaching decisions. Must an area be evacuated due to flood risk? 
Are the necessary precautions in place to prevent famine caused by drought, or epidemic outbreaks from 
persistent humidity? What investments are required in ski resorts to counter the rising snow line? Knowing the 
answers to these questions is vital: our ability to adapt depends entirely upon our understanding of how the 
world will change.  This is what climate information is all about.

We should not forget that this need to adapt has arisen from our emissions of greenhouse gases, which 
science tells us are the cause of global warming. Fortunately, it is possible to mitigate climate change. But, 
to reach this goal, we must set ambitious reduction targets for the next decade, at Copenhagen in December 
2009. 

Nevertheless, adjusting to the unavoidable effects of climate change remains a necessity, and helping 
the most vulnerable to do so is an obligation. Climate information lies at the heart of this. But developing 
countries need financial support as well to implement these adaptation measures. That is why Switzerland has 
proposed a global CO2 levy based on the ‘polluter pays’ principle. Its implementation would allow financial 
resources to flow to those communities least responsible for climate change, but most vulnerable to its impact, 
and help prevent deep rifts opening up in our societies.

I would like to thank the World Meteorological Organization and its UN and other partners for convening 
the World Climate Conference-3. They call on us all to work together across different regions and sectors to 
address the challenges of climate change, so as to enhance mankind’s adaptive capacity, and achieve major 
benefits to society as a whole. I am particularly proud to welcome the World Climate Conference to Geneva, 
and this for the third time.

Moritz Leuenberger
Minister of the Environment, Transport, Energy and 
Communications and former President of the Swiss Confederation 
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Statement by Andreas Carlgren, Minister of the Environment, Sweden

World Climate Conference-3 is a very timely event, happening only three months before United Nations 
Climate Change Conference 2009 (COP15) in Copenhagen. Climate change is an issue of great significance 
to Sweden, as we lead the European Union during the half year when international negotiations for a new 
comprehensive climate agreement reach their conclusion. Adaptation is one of the most important areas in 
this context, as whatever we do now to limit global warming, we will still have to cope with the unavoidable 
effects of climate change.

The International Commission on Climate Change and Development, a Swedish initiative, has recently 
released its final report. An important conclusion of the report is that adaptation to climate change must 
be driven at a local level, particularly within those societies most vulnerable and exposed to the impacts 
of climate change. Adaptation must be integrated into development planning and substantial resources 
devoted immediately to strengthening resilience and supporting adaptation actions.

An essential tool in these efforts is the availability of accurate, relevant and accessible information and 
data on climate change. Improved climate observations, monitoring and data provision from climate models 
detailed enough for regional and local community action, must form the backbone of such information. It 
is my absolute belief that World Climate Conference-3 will provide an essential stepping-stone to achieving 
this improvement in data quality, applicability and availability. 

WMO has the competence and resources to continue channelling essential support and contributions as 
the lead agency in the UN system.

 

Andreas Carlgren
Minister of the Environment, Sweden
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Statement by Dr Jane Lubchenco, Under Secretary of Commerce  
for Oceans and Atmosphere and NOAA Administrator

The demand for clear, authoritative and useful information about climate change is growing. More broadly, 
increased understanding is needed about how atmosphere, ocean, and land systems, social and economic 
systems, human health, and infrastructure will be affected by climate change and variability in the context 
of other stresses. 

To meet this increasing demand for climate information in the United States, the National Oceanic and 
Atmospheric Administration (NOAA) is working to further integrate its already considerable capabilities in 
climate observations, research, modelling, assessments, predictions, and projections to deliver relevant and 
timely climate products and services. We also recognize this demand for climate information extends beyond 
our nation’s borders and support enhanced international partnerships. 

The exemplary tradition among member states of the World Meteorological Organization to exchange 
observations, research results, and best practices for the common good must now be extended to ensure that 
information about climate variability and change is shared for the benefit of all peoples and economies. NOAA 
stands ready to bring its expertise to a broader global framework for climate services that will build upon 
the existing observational, research, and modelling pillars of climate services and, in collaboration with user 
communities, will establish improved mechanisms to deliver relevant climate information and predictions.

 

Dr Jane Lubchenco
Under Secretary of Commerce for Oceans 
and Atmosphere and NOAA Administrator
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STATEMENT by RICARDO LAGOS, FORMER PRESIDENT OF CHILE,  
UN SPECIAL ENVOY FOR CLIMATE CHANGE  

Climate change and global warming are undeniable facts and are affecting every single one of us. Far-
reaching decisions and decisive concrete actions are urgently needed from high level policy-makers across 
the globe. The wellbeing of future generations depends on us making a crucial choice: either taking steps 
to nurture economic growth and find sustainable solutions to our ever-growing population, or allowing 
unrestricted unsustainable growth. By choosing the latter, quite simply our civilization will end. 

 Climate change is a global problem that requires global solutions, where all nations act and agree 
in a mutually cooperative way. The basic principles for such an agreement are clear, and depend on 
international equity, historical responsibilities, national capacity building and an overall willingness by 
all of us to reduce greenhouse gas emissions. All of us have common but differentiated responsibilities. 
Furthermore, we will share scientific and technological knowledge and adopt relevant adaptation 
measurements for the world’s most vulnerable communities. The challenge of facing climate change is a 
universal responsibility that stretches from ethical changes in our own personal behaviour, to international 
agreements and governmental commitments to change. We must make a difference now, whilst the light of 
human civilization still burns brightly.

 
Ricardo Lagos
Former President of Chile
UN Special Envoy for Climate Change
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Statement by Dr Hamadoun Toure,  
Secretary General, International Telecommunication Union

The science of climate monitoring has benefited greatly from the parallel development of information 
and communication technologies (ICTs). Today ICTs play a critical role in global, long-range climate 
monitoring. For example, the World Meteorological Organization (WMO)’s Global Climate Observation 
System (GCOS) uses ICTs in a plethora of ways. Radio-based remote sensors placed on satellites and 
aircraft relay data to environment control centres. Telecommunication networks are used in the real-
time exchange of large volumes of data between meteorological centres. More generally, thousands of 
interconnected mini-, micro- and supercomputers are used to process the enormous volumes of data used 
in weather prediction.

The International Telecommunication Union (ITU) helped to establish the technical basis for the 
use of ICTs in GCOS by providing the necessary radio frequency spectrum for the meteorological aids 
radiocommunication service, as well as the satellite orbit resources for sensors used on the meteorological 
and earth-exploration satellites. ITU also published the radio regulations and voluntary international 
standards for telecommunications used by GCOS. Finally, ITU provided guidance on the use of ICTs in 
environmental monitoring, as well as in the prediction and mitigation of the negative effects of disasters 
linked to climate change.

WMO and ITU have collaborated for over 135 years. WMO formulates needs for environmental 
information and the corresponding radio spectrum required. In response, ITU – through World 
Radiocommunication Conferences – considers these requests and ensures the availability and protection of 
the necessary frequency bands.

WMO and ITU are working together to raise awareness of the use of telecommunications and ICTs in 
climate monitoring. A recent example is the ITU/WMO handbook: Use of Radio Spectrum for Meteorology: 
Weather, Water and Climate Monitoring and Prediction.

 

Dr Hamadoun Toure 
Secretary General, International Telecommunication Union
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Statement by Taleb Rifai, Secretary-General a.i.,  
the World Tourism Organization 

Responding to climate change is a major challenge for our society in light of its social, economic and 
environmental impacts. It is a global problem that demands global engagement. Tourism is especially 
sensitive to climate variability and change. Rising sea levels, beach erosion, desertification, deforestation, 
declining snow cover, receding glaciers and loss of biodiversity caused by global warming are harming 
the tourism sector and the millions of people whose livelihoods depend on it. Today, tourism is a major 
economic activity and is often the most valuable resource of developing countries and small islands. The 
threat posed to it by climate change must therefore be urgently addressed.

The World Tourism Organization (UNWTO), a specialized agency of the United Nations, is engaged in 
supporting the adaptation of tourism destinations to climate change and its effects. It is committed to helping 
the sector move towards more efficient use of energy, while simultaneously reducing its contribution to global 
warming. The ‘Davos Process’ it initiated at the International Conference on Climate Change and Tourism 
in 2007 has enhanced awareness regarding this issue among all tourism stakeholders including travellers 
themselves. It provides a framework for a coordinated response to climate change that does not jeopardize the 
important role tourism plays as a tool for poverty alleviation.

Climate information is essential for decision makers in the tourism sector. In particular, they require access 
to reliable seasonal and long-term climate predictions. This is vital because of the high degree of future 
uncertainty deriving from climate change, as well as the limited relevance of past observations. In this regard, 
the World Climate Conference-3 has the important goal of bridging the gap between the providers and users 
of climate information.

UNWTO has actively supported the WCC-3 initiative from the beginning, as it represents an important step 
in the joint effort to adapt to the risks of climate change.              

             

Taleb Rifai
Secretary-General, a.i, the World Tourism Organization
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STATEMENT by MARGARETA WAHLSTROM, ASSISTANT SECRETARY-GENERAL FOR DISASTER 
RISK REDUCTION, UNITED NATIONS INTERNATIONAL STRATEGY FOR DISASTER REDUCTION

Most of us have occasionally experienced severe weather, such as gale force winds or flooding rains, 
and maybe have also witnessed the devastating impacts of long-term drought. Even in an age of sturdy 
architecture, public flood protection works and early warning systems we can still be shaken by the fearful 
power of nature and the threat it can represent to our safety and well-being.

However, for many millions of people around the world, such events are not occasional, nor are they mere 
disruptions to the daily routine. They occur frequently and threaten life itself through drowning, collapse of 
dwellings, injury and ill health, as well as by destroying assets, livelihoods and food supplies.  

We know that climate change will make matters worse, and that this will be the case most immediately for 
the poor. Many communities face not only greater extremes of weather and raised sea levels, but also depleted 
water resources and food production, which weakens their capacities to resist even the current levels of stress.

Clearly, we must prepare. Reducing greenhouse gas emissions is a fundamental requirement. But we 
must also act to reduce disaster risks, by applying well known methods such as risk assessments, land use 
management, building codes, early warning systems and public education. Disaster risk reduction methods 
must become a foundation stone of climate change policy.

This World Climate Conference provides the perfect opportunity to emphasise the need for risk-reducing 
adaptation action, underpinned by sound monitoring systems, databases, analysis centres and research 
programmes. It should show practical ways forward, to make the world a safer place.

Margareta Wahlstrom
Assistant Secretary-General for Disaster Risk Reduction, 
United Nations International Strategy for Disaster Reduction
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Statement by Achim Steiner, UN Under-Secretary General  
and Executive Director, UN Environment Programme

Improving weather predictions is going to become ever more important in a climate constrained world if 
society is to assist vulnerable communities to adapt and to climate-proof their economies.

Their quality will, for example, determine the usefulness of smart micro-insurance mechanisms that pay out 
to farmers on continents such as Africa before they are down to their last stick of maize and facing hunger.

Improved forecasts can also reduce the impact of extreme weather events on lives and livelihoods by 
improving warnings and disaster planning.

Historical weather patterns are unlikely to be guides to future ones. Governments planning infrastructure 
projects such as dams or roads need to know whether they are likely to be filled or washed away in a 
climate-altered world, in advance of a multi-million dollar investment.

Developers of wind farms to big agricultural schemes need to know that future wind speeds will prevail in 
a chosen location and that certain crops can still flourish under a climate-altered world.

Thus an improved predictive capacity, that builds and more finely focuses the existing global and regional 
predictions of the Intergovernmental Panel on Climate Change, is urgently needed – particularly at the 
national level.

Climate Sense, published to coincide with World Climate Conference-3, syntheses some of the best 
scientific knowledge in this key field, in order to catalyse an international response to these current and 
future challenges.

Its publication comes some three months before the crucial UN climate convention meeting in 
Copenhagen where investment in improved weather, climate and water service management, and 
forecasting needs to be part of a transformative deal.

Achim Steiner
UN Under-Secretary General and  
Executive Director, UN Environment Programme
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Statement by Anna K Tibaijuka, Under-Secretary-General  
and Executive Director, UN-Habitat

The United Nations Human Settlements Programme (UN-Habitat) is the lead UN agency for cities. Its 
primary focus is on affordable housing and sustainable urban development. The single biggest group of 
people that are suffering the effects of climate change are the urban poor. Lack of access to decent housing 
and basic urban services means that they are the most at risk of losing life, property and livelihoods from 
rising sea levels and other extreme weather patterns. At the same time, cities consume over 65 per cent of 
the world’s energy and constitute the biggest source of greenhouse gas emissions.

UN-Habitat helps cities and communities to devise integrated approaches to implementing climate 
change mitigation and adaptation strategies. For the majority of the world’s rapidly growing cities, mitigation 
and adaptation require very similar solutions. These are: more rational land-use planning; more robust 
infrastructure; and smarter and greener urban services that are equally accessible by all.

Scientific knowledge is critical to understanding the causes and effects of climate change, especially at 
the local level. This understanding, in turn, allows us to develop practical tools that can help cities and 
their communities address climate change. For this reason, UN-Habitat has launched the World Urban 
Campaign including a Cities and Climate Change Initiative to spearhead the coordinated approach by all 
stakeholder groups – and by the UN family – in the documentation and dissemination of best practice, 
tested tools and methodologies, and model legislation in areas of sustainable urban development.

We count on the World Climate Conference-3 outcome to further advance knowledge of climate change 
and to strengthen mechanisms to deliver climate information. This will help all stakeholders to apply that 
knowledge to their respective adaptation and mitigation strategies at the local level.

Anna K Tibaijuka 
Under-Secretary-General and Executive Director, UN-Habitat
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Statement by Janez Potocnik, European Commissioner for Science and Research

Impressive progress in climate science, reflected notably in the fourth assessment report of the 
Intergovernmental Panel on Climate Change (IPCC) and in the results from EU funded research projects, 
provided robust findings on the causes of climate change and its impacts over the next decades. Limiting 
climate change to a temperature increase of 2°C above pre-industrial levels as proposed by the European 
Union requires urgent and ambitious global action. The EU is therefore working towards a comprehensive 
agreement at the Copenhagen Climate Change Conference in December. 

We now know that even within this limit of global average temperature increase there will be serious climate 
change impacts requiring adaptation at global and regional levels. However, recognising the need to adapt is 
not sufficient. We need to know where, when and how to adapt. This is of paramount importance for policy-
makers. Thus, we need science-based climate information and prediction tools to enable risk management and 
adaptation to climate change.

The Third World Climate Conference occurs at a critical moment to stimulate action and increased public 
awareness on those issues. Therefore, I strongly support the initiative of the WCC-3 to establish means for 
the provision of climate services. These new services will need to inform on the expected consequences 
of climate change at time and geographical scales corresponding to society and people’s needs. Achieving 
this will require a leap forward in further understanding climate change and sustained efforts in climate 
research and observation. We need sound and close international cooperation, extensive combined use of 
climate data and models and the development of relevant services for information provision. The European 
Commission has been contributing to these endeavours actively with the Framework Programme for 
research and will continue to do so. 

 

Janez Potocnik
European Commissioner for Science and Research
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Statement by Bekele Geleta, Secretary General,  
International Federation of Red Cross and Red Crescent Societies

All over the world, people – including Red Cross Red Crescent staff and volunteers – face the impacts of a 
changing climate. We see changing hazards combined with rising vulnerabilities due to population growth, 
urbanization, poverty and environmental degradation. In particular, we are responding to a substantial rise 
in smaller climate-related emergencies – a real change in the typology of disasters. 

Through our unrivalled community-based volunteer network, we are well placed to respond to these 
localized disaster events, which often go unnoticed by the international media. 

Instead of waiting for emergencies to happen, we work to prevent disasters and reduce their impact through 
enhanced disaster preparedness. We monitor vulnerability, hazards and risks – working in partnership with 
governments and civil society, and with local communities worldwide to increase their resilience through 
improved contingency planning and public awareness. Climate information is a key ingredient in these efforts, 
helping to anticipate threats days, weeks, months, even years and decades before they become disasters.

However, experience shows that climate information by itself is not enough. The people who use it – 
particularly the most vulnerable – must understand and trust it, and be able to act upon it. That last mile, 
getting from scientific early warning to early action on the ground, is often the crucial missing link. The 
International Federation of Red Cross and Red Crescent Societies can bridge this gap and stands ready to do 
its part.

Bekele Geleta
Secretary General, International Federation of Red Cross  
and Red Crescent Societies



[ ]29 

Statement by Edwin Carrington, Secretary General, CARICOM

On behalf of the the Caribbean Community (CARICOM) I wish to congratulate the World Meteorological 
Organization for this timely meeting, which comes on the eve of the UN Copenhagen Climate Change 
Conference (COP-15), in December 2009. As the global community is aware, adapting to and mitigating 
the impacts of climate change are critical to the survival of the Caribbean.  

 Recently, the region has experienced extensive environmental and socioeconomic impacts from storms 
and hurricanes that have significantly slowed development activities in several countries. This, coupled with 
the conclusions of the Fourth Assessment Report of the Inter-Governmental Panel on Climate Change and 
regional studies that indicate that climate change will lead to a future with higher sea levels, hotter climates 
and more extreme weather events, justifies our fears about the impacts of climate change on our already 
vulnerable climate-based economies, ecological systems and way of life. 

 In 2009 the World Bank noted that by approximately 2080 the cumulative annual impact of future 
climate change on all CARICOM Member and Associate Member States will be around 11.3 per cent of 
the projected cumulative gross domestic product. This ratio is too large and will slow future sustainable 
development in the region.

 With the assistance of the international community, the region is aggressively pursuing climate change 
mitigation and adaptation strategies through existing, as well as new institutions, such as the Caribbean 
Community Climate Change Centre and through collective regional policies. The region believes, however, 
that the global architecture on climate change should be restructured and will assertively raise its concerns in 
international fora such as COP-15.

 

Edwin Carrington 
Secretary General, CARICOM 
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Economic and social implications of  
climate change and variability:  

new challenges for climate services 
Thomas R. Karl, Lead, NOAA Climate Services; Chester J. Koblinsky, Director, NOAA Climate Program Office;  

Richard D. Rosen, Senior Advisor for Climate Research, NOAA Climate Program Office

Concern about climate variability and change is now 
part of the public consciousness and dialogue. This 
new awareness of the global environment and human-

ity’s place in it can be attributed to at least two factors. First, 
through the Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change (IPCC), a scientific consensus has 
emerged that ‘warming of the climate system is unequivocal’ 
and, moreover, that ‘most of the observed increase in global 
average temperature since the mid-20th century is very likely 
due to the observed increase in anthropogenic greenhouse gas 
concentrations’. Second, the world is experiencing profound 
environmental changes, many linked to, or  consistent with, 
those which climate models predict on a warmer planet. 
Notably: reductions in snow and sea ice extent, rising sea 
levels, changes in ocean acidity, extended droughts, increased 
frequency of heavy and extreme precipitation events, stronger 
tropical storms, and unusually warm night-time temperatures. 

Under these circumstances, it is not surprising to find a growing 
demand for climate information across a broad spectrum of sectors 
and regions. Fishermen and fishery managers want to know the 
impacts of a warming and more acidic ocean on their stocks; city 
planners, the possible range of future weather and climate extremes 
to inform infrastructure design for their growing populations; 
public health officials, the potential for a new climate regime more 
favourable for environments that support pathogens and agents of 
infectious disease; coastal emergency management officials, what 
to expect about extreme events and rising sea levels associated with 
inundation and flooding; Arctic populations, how warming will 
continue to be amplified in polar regions, affecting their culture 
and livelihoods – the list goes on.

This demand coincides with advances in climate science that 
make the possibility of providing useful answers feasible. Global 
observing networks made possible the first IPCC conclusion, and 
international climate modelling capabilities enabled the second. New 
high-performance computing capacity and increased understanding 
of the climate system offer the potential to predict climate evolution 
over the next several decades at spatial resolutions relevant to deci-
sion and policy makers. While such advances hold exciting promise, 
observation and modelling systems remain fragile, too often lacking 
sustained oversight and commitment. An ‘end-to-end’ approach that 
recognizes the interdependencies of climate-related physical, chemi-

cal, and biological processes with human and natural 
systems remains underdeveloped. This is required to 
properly conduct climate vulnerability assessments and 
risk management to support climate resilient communi-
ties. Internationally, recognition of these gaps has led 
to the call for a Global Framework for Climate Services 
at World Climate Conference-3. Nationally, within 
the United States (US), this recognition is at the heart 
of discussions on forming a National Climate Service 
(NCS).

An agenda for climate services
Sustaining climate observations and state-of-the-art 
modelling capabilities are but elements of a broader 

The Impacts and Implications of Climate Change and Variability

Global annual average temperature

Red bars indicate temperatures above and blue bars 

indicate temperatures below the average temperature for the 

period 1901-2000.  The black line shows atmospheric CO2 

concentration in parts per million (ppm).  While there is a clear 

long-term global warming trend, each individual year does not 

show a temperature increase relative to the previous, and 

some show greater changes than others. These fluctuations in 

temperature are due to natural processes, like the effects of El 

Niños and the eruption of large volcanoes 

Source: Karl et al. (2009)
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and better methods for quantifying uncertainties are all 
required to provide useful information about the poten-
tial for, and impacts of, extreme events. It is important 
to recognize, however, that aspects of uncertainty at 
fine scales will remain irreducible.

Expand capacity to provide relevant climate information 
to decision makers and the public – Through interactions 
between information providers and users, monitoring 
systems, distribution networks, and information tools 
can all be developed and refined. Monitoring efforts 
need to adhere to principles that ensure the quality 
of observations, and improved access to data archives 
will facilitate society’s ability to respond to change. 
Credible climate services must provide reliable, well 
documented, and easily used information. While 
implementation is most important at a national scale, 
many decisions and policies addressing impacts take 
place regionally. Experience has demonstrated that the 
practice of climate services requires sustained, ongoing 
regionally-based interactions with users.

 Improve understanding of thresholds for abrupt climate 
changes – Climate has shifted regimes relatively quickly 
in the past, suggesting it is capable of doing so again in 
the future. More needs to be learned, however, about 
the tipping points that can trigger such changes. The 
sensitivity of major ice sheets to sustained warming is 
of concern in this regard, requiring improved observa-
tions, analysis, and modelling of ice sheets and their 
interactions with surrounding oceans. Thresholds in 
biological systems also need to be better understood.

Improve understanding of most effective approaches to 
mitigation – Different paths to reducing concentrations 
of greenhouse gases exist, and a mixture of mitigation 

‘agenda for climate impacts science’ described in a state-of-knowl-
edge report entitled Global Climate Change Impacts in the United 
States published by the US Global Change Research Program.1 It 
recognizes that advances in scientific understanding have already 
contributed greatly to decision making. Further advances are 
required, however, to better understand and project changes in rain-
fall, storm tracks, storm intensity, heat waves, and sea-level rise. 
With respect to advancing knowledge specifically about the impacts 
of climate variability and change and the processes responsible, 
the report makes six recommendations that would better ensure 
the information provided by climate services is of use to decision 
makers:

Expand understanding of climate impacts – Increased knowledge 
is needed about how ecosystems, economic systems, human health, 
and the built environment will be affected by climate variability and 
change in the context of multiple stresses. This will be derived from 
sustained observations, field experiments, model development, and 
integrated impact assessments performed through collaborations 
among researchers, practitioners and stakeholders.

Refine the ability to project climate variability and change at local 
scales – Decisions on adaptation will be made largely at local and 
regional scales. Although progress is being made at these scales, 
significant uncertainties remain. Higher resolution models, improved 
downscaling approaches, additional observations at relevant scales, 

Arctic sea ice annual minimum

Arctic sea ice reaches its annual minimum in September. The satellite images show 

September Arctic sea ice in 1979, the first year these data were available, and 2007

Source: Sea Ice Yearly Minimum 1979-2007, NASA/Goddard Space Flight Center 

Scientific Visualization Studio (GSFC)

West Nile virus transmission cycle

While migratory birds were the primary mode of the West Nile virus 

spread in the United States after the first outbreak occurred in 1999, 

epicentres of the disease were linked to locations with either drought 

or above average temperatures during the epidemic summers of 

2002-2004. Analyses of a more virulent strain that emerged in 

2002 indicate this strain responds strongly to higher temperatures, 

suggesting that greater risks from the disease may result from 

increases in the frequency of heat waves  

Source: Karl et al. (2009) 



[ ]34 

The Impacts and Implications of Climate Change and Variability

options will likely emerge as the best way forward. Decisions about 
what that mixture might be, however, will need to be supported 
by additional research. This research will also need to consider 
the potential for unintended consequences of different mitigation 
options (for example, widespread adoption of biofuels), so those 
options with the largest negative impacts can be identified, and deci-
sion makers can make informed choices about the inherent costs 
and benefits of different strategies.

Enhance understanding of how society can adapt – Given the large 
climate forcing already produced by humanity, the need to adapt to 
variability and change is inevitable regardless of mitigation efforts. 
The ability of communities, regions, and sectors to adapt, however, 
is not well understood. This gap is not surprising considering the 
complex interplay among environmental, political, social, and 
economic considerations involved, but interdisciplinary research 
on adaptation decision making is needed to better understand the 
effectiveness of proposed options. Gaps need to be filled between 
climate information currently available and the development of new 
guidelines for infrastructure, and regular assessments of adaptation 
measures taken need to be made.

Potential benefits of climate services
Assuming the above agenda is widely adopted, including by an NCS 
in the US, we envision benefits accruing across a broad spectrum 
of sectors:

Living marine resources – Incorporating climate information into 
the management of US fisheries would help support a USD60 billion 
per year fishing industry. Similarly, the management of endangered 
and protected marine species would benefit from relevant climate 
research and model projections.

Energy – Climate information will allow energy producers to 
operate more efficiently, for example in the operation of reservoirs 
that are sensitive to seasonal climate events. Investments in renew-
able energy sources like wind or solar will be better informed.

Transportation – Insights into future climate variability and 
change will provide a scientific foundation for long-term invest-
ments in infrastructure.

Human health – Climate observations and predictions can be used 
to anticipate adverse health outcomes associated with future heat 

waves, vector-borne diseases, and food or water-borne 
bacteria and viruses.

Water resources – Projected changes in patterns 
of precipitation and related factors will be impor-
tant considerations in a variety of investments and, 
ultimately, in ensuring sustainable populations and 
ecosystems. This information will enable sounder long-
term investments and help anticipate acute shortages.

Population and demography – In response to food and 
water shortages, large population shifts can occur and 
lead to political instability in many regions of the world. 
Climate information will allow the US and other devel-
oped nations to prepare to assist with such potential 
upheavals.

Decision support for water resources:  
NIDIS as a model for climate services
Sectors associated with water resources deserve addi-
tional mention. The potential impact of climate 
variability and change on the quality and quantity of 
fresh water is so profound that steps to deal with it in 
the US began even before an NCS is formally estab-
lished. Those steps, beginning with the signing into 
law of the National Integrated Drought Information 
System (NIDIS) Act of 2006, provide a good example of 
how a full service might function. As a comprehensive 
early warning information system for drought, NIDIS 
is being developed to consolidate hydrological and 
socioeconomic data; develop a suite of usable drought 
decision support and simulation tools focused on criti-

Hurricane Katrina, August 29, 2005  

Global Climate Change Impacts in the United States: a state-

of-knowledge report published by the US Global Change 

Research Program
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cal management indicators and triggers; and engage and enable 
planning by those affected.

NIDIS is overseen by an interagency Executive Council, with 
execution responsibility in the hands of its Program Implementation 
Team, composed of representatives from over 40 federal and state 
agencies, academic institutions, and tribal and private entities. At 
the regional level, the implementation team convenes multi-agency 
teams focusing on: communication and developing an awareness 
of drought and drought impacts; integrating information from 
monitoring and forecasting networks; interdisciplinary research to 
develop socioeconomic impact assessments and tools to generate 
impacts scenarios; engaging preparedness communities to ensure 
the needed indicators and management triggers are developed and 
usable; and the development of national and regionally-specific web-
based drought portals that act as clearinghouses for information at 
different scales. 

In addition to coordination, a key NIDIS activity is the conduct 
of ongoing gap assessments for feedback to the Executive Council, 
to improve interagency collaboration and guidance where needed. 
It also focuses on the transfer and adaptation of successful innova-
tions identified in one region to others in need. NIDIS draws on the 
personnel, experience, and networks of other relevant institutions 
and alliances to integrate basic and applied research into an adaptive 
decision support environment. 

 Drought risk management provides an important prototype for 
testing knowledge management and use across the full spectrum 
of climate timescales. Research has shown that effecting cross-
scale climate risk management is most readily accomplished when 
leadership and the public are engaged, and an authoritative basis 

for integrating monitoring, research and management 
is established. NIDIS offers the US a prototype to 
achieve these service requirements. Some of its tools 
have already been extended across US borders. For 
example, the US, Canada and Mexico jointly produce 
a monthly drought monitoring product that provides 
scientifically-based information about the status of 
ongoing drought across North America.

Concluding thoughts
The US has yet to establish an NCS, although active 
consideration of its responsibilities and structure is being 
given by both executive and legislative branches. It is 
easy to imagine, however, that if a service is to succeed 
it must be grounded on a set of principles that include: 
a commitment to a service-centric approach, in which 
user requirements will be identified collaboratively 
through ongoing dialogue with decision makers, the 
research community, the service, and its partners; a 
balance between present and future information needs 
that recognizes both user requirements and the readiness 
of science to address those requirements; encouraging 
public-private partnerships, in which respective roles are 
defined and respected and value-added climate products 
by the private sector are welcomed; and ensuring robust 
products are based on sound science, developed through 
sustained collaborations with partners across the federal 
government and in academia, effectively communicated 
to a broad spectrum of users.

Historic flooding in Cedar Rapids, Iowa, USA, 2008
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Sandra Vlašić and Seth Landau, United Nations Development Programme

This review is based on the United Nations Development 
Programme (UNDP) 2008 Human Development Report 
for Croatia relating to the most prominent challenge of 

our time – climate change and its impact on our society and 
economy. It is a breakthrough report for Croatia and the first of 
its kind following the new analysis released by the International 
Panel on Climate Change (IPCC). In coming years more reports 
from other nations are expected to highlight the vulnerability of 
individual countries and the issues that the south and central 
European region face because of climate change. Climate change 
brings significant risks, but it may even present some opportuni-
ties for our future. We have a responsibility to act, to manage 
that risk and to mitigate the damage in the most effective way.

It is a scientifically proven fact – recognized by a Nobel Prize in 2007 
– that climate is significantly changing due to human activities. It is 
obvious that the consequences of that change and reflected variability 
are already being felt all over the world. Croatia is no exception. In this 
report, we provide an assessment of impacts as well as quantifying the 

damage to several sectors of the Croatian economy over 
past years as a result of climate change and variability. The 
analysed sectors – including agriculture, fisheries, health, 
hydropower, tourism and the coastal zone – represent 
25 per cent of the Croatian economy, employ almost half 
the working population and represent total annual gross 
domestic product (GDP) of EUR9 billion.  

Both the government and citizens are concerned by, 
and interested in, climate change. The government is 
already pursuing several strategies to reduce green-
house gas (GHG)  emissions, thus allowing the Human 
Development Report to focus on identifying key gaps 
and to provide specific recommendations on ‘climate-
proofing’ human and economic development strategies. 
The ‘climate for change’ that currently exists in Croatia 
will provide the motivation needed for the country 
to continue to develop and to address the challenges 
adequately.

Current and future climate 
When examining Croatia’s vulnerability to climate 
change we must have a basic understanding of the 
current climatic conditions within the country, as well 
as predictions for the future under various scenarios. 

Over the last century, emissions of GHGs caused 
by human activity have already had an impact on the 
climate system. Three direct characteristics of the 
climate, and changes to those characteristics, can have 
an impact on human development:
• �Temperatures, which appear to be increasing in 

Croatia
• �Precipitation, which appears to be decreasing – 

especially during certain seasons
• �Extreme weather events, such as wind storms, 

heat waves and droughts, which are already having 
significant impacts on human development.

In Croatia during the 20th Century, most regions saw 
a fall in precipitation and an increase in temperature 
in almost every season. It has not been possible to 
distinguish how much of this is due to natural climate 
fluctuations or to human influence without climate 
models for Croatia that undoubtedly point to signifi-
cant future changes in climatic conditions especially if 
emissions are not cut dramatically.

The Impacts and Implications of Climate Change and Variability
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The basic options available for coping with sea-level 
rise, predicted to be between 9-88 centimetres by the 
year 2100, are to protect vulnerable areas or to retreat 
from them. Estimates of the expected rates of sea-level 
rise are very uncertain. That, coupled with the fact that 
it will probably occur very gradually means that there 
is still time to develop the best methods for coping with 
the problem, locality by locality. A mixture of near and 
long-term strategies involving both protection and 
retreat measures could be the best approach.

Events such as heat waves, which are likely to increase 
in frequency, have had a health impact on Croatians. 
The 2003 heat wave caused an estimated 185 additional 
deaths in Croatia – a 4.3 per cent increase in mortality. 
Therefore, it is very likely that climate change will have 
an impact on human health in Croatia. These risks are 
not fully understood, however, they are likely to include 
cardiovascular risks from heat waves, increases in aller-
gic reactions resulting from changing pollen counts and 
changes in the distribution periods of plants and pollens 
and increased frequencies of heatstroke and other acute 
impacts from hot daytime temperatures.

Water is a critical natural resource. It is used for 
drinking, agriculture, wetlands services, and the 
production of hydroelectric energy, among other 
things. Croatia has abundant freshwater resources, and 
therefore water resources are not considered a limit-
ing factor for development. However, while there is no 
shortage of water per se, problems do exist.  First, a 
large amount of pumped water is wasted, which leads 
to lost revenue of up to EUR286 million (0.9 per cent 
of GDP) per year and increased GHG emissions result-
ing from the additional use of electricity for pumping. 

In the future, Croatia is expected to be hotter and drier, especially 
in summer. Increased temperatures are expected to have consider-
able impacts such as: increase of temperature in both sea and inland 
bodies of water, soil temperature increase, groundwater tempera-
ture increase, which may lead to higher rates of evaporation and 
a decrease in the groundwater table, a fall in lake and river levels, 
decreases in soil moisture leading to droughts, more heat waves 
affecting health, and numerous other impacts.

What would climate change affect in Croatia?
Tourism has long been important in Croatia. In 2007, tourists stayed 
for a total of 56 million days and spent EUR6.7 billion. Tourism 
generates about 20 per cent of GDP and 28.7 per cent of total 
employment (336,000 jobs). By 2018, it is expected to account for 
one third of total employment. In addition to those directly working 
in the tourist industry, there are many people employed in related 
industries that are directly impacted. Tens of thousands of families 
rely on tourism income in the grey economy by supplementing their 
incomes through tourism (unregistered apartment rentals, unreg-
istered sales of agricultural, aquaculture or fishery products). The 
value of unregistered accommodation alone is equal to almost one 
per cent of the entire country’s GDP. Most projections of tourism 
in the EU show that by the end of the century, because of climate 
change, hotter daytime temperatures along the Adriatic coast will 
cause many beach tourists to avoid these destinations in summer 
in favour of cooler locations further north. Conversely, the condi-
tions for tourism along the coastline are expected to improve in the 
spring and, to a lesser extent, in the autumn. Overlooking these facts 
could have serious adverse consequences on many local communi-
ties and, given the important role of beach tourism, to the national 
economy. Hotter, drier summers with more extreme weather events 
and a rising sea level may put human and economic development 
gains at risk.

Beach in Split The Krka river in Croatia
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Second, farmers often face water shortages at certain critical times 
during the growing season and, in general, the soil lacks moisture. 
Croatia uses only a small fraction of its available water resources 
(about 1 per cent). However, climate change may stress some of the 
systems that depend upon fresh water. The Croatian energy sector 
is potentially vulnerable if climate change results in reduced river 
flows – which is likely given the predictions of climate models simu-
lating a drier country. During 2000-2007, 50 per cent of Croatian 
electricity production came from hydropower. In draught seasons in 
2003 and 2007, significant losses in production resulted in increased 
costs for electricity production. A likely scenario for the future is a 
direct loss of between EUR16-82 million annually, with multiplier 
effects throughout the economy.

The impact on agriculture is expected to be significant because 
of its vulnerability to climate conditions in general. Precipitation, 
temperature, weather extremes and evaporation rates have separate 
and joined impacts on agricultural production. Agriculture is impor-
tant to the economy due to its value, its impact on food security 
and vulnerable populations, and the employment it generates. In 
2001, 92 per cent of Croatia was classified as rural, with 48 per cent 
of the population living in rural areas. Generally, rural households 
are more vulnerable due to poorer access to basic infrastructure 
and poorer housing conditions than those in urban areas. Existing 
climate variability already has a significant impact on agriculture. 
Extreme weather events have resulted in average losses of EUR176 
million per year during 2000-2007. This represents 0.6 per cent of 
national GDP, or 9.3 per cent of the national Gross Value Added 
(GVA) generated by the agricultural, forestry and fisheries sector. 
Looking at the future effect on maize alone, the lost revenue due to 
climate change is about EUR6-16 million in 2050 and EUR31-43 
million in 2100. This corresponds to 0.8-5.7 per cent of all revenue 
from arable crop sales in 2005. Most of this damage is due to water 
shortages during critical times, as well as flooding and hailstorms. 
Particular years, such as 2003 and 2007, suffered huge economic 
damage that it is difficult to recover from. While some Government-
supported insurance programmes and a new irrigation programme 
exist, current vulnerability to climate variability remains – particu-
larly with regards to drought.

Croatia has a long history of fishing and mariculture 
and a coastline well suited for developing a modern 
industry in these areas. The fishery and mariculture 
sector in Croatia accounts for a small portion of the 
GVA – an average of 0.25 per cent or around EUR56 
million in 2003 and 2004 – but it plays an important 
role in the socioeconomic status of a large number of 
people. Climate change and increasing temperatures 
may result in important impacts in the near future that 
will challenge this industry.

Though climate change is a global problem, it will not 
affect all people equally. Just as global climate-related 
impacts are distributed unequally and disproportion-
ately among the poor, impacts at the national level 
mirror this trend. Vulnerability to climate change 
depends greatly on the geographic, sectoral and social 
context. Poor communities can be especially vulner-
able to climate change – especially those concentrated 
in higher-risk areas. Poorer communities tend to have 
more limited adaptive capacities and are more depend-
ent on climate-sensitive recourses. Similarly, the elderly 
– who are disproportionately poor – are likely to face 
more severe consequences related to health impacts in 
addition to economic impacts.

Croatia is already seeing the impact of climate 
change and will inevitably continue to do so. UNDP’s 
2008 Human Development Report for Croatia showed 
climate change is happening and that actions must be 
taken to reduce its impacts and reduce the extent of that 
change. These impacts are expected to lead to a myriad 
of problems that affect human development. Negative 
impacts may include damages from more frequent 
natural disasters and sea-level rise, strains on food 
production, harm to human health, and many others. If 
not addressed, climate change in Croatia could restrict 
people’s choices, slow down and undermine develop-
ment gains and have a long-term negative impact on 
human development in general.

Soil drought conditions in northern Croatia 
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Drought 65%

Wind/Storm 1%

Rain 4%

Frost 8%

Hail 19%

Flood 3%

Share of extreme weather conditions in agriculture damage claims 

Source: UNEP, 2008
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Food security has been defined as ‘a situation that exists 
when all people, at all times, have physical, social and 
economic access to sufficient, safe and nutritious food 

that meets their dietary needs and food preferences for an active 
and healthy life’.1 Although the production of food is clearly 
fundamental, the concept of food security goes beyond produc-
tion and considers the entire system. It therefore encompasses 
other aspects of food availability such as distribution and 
exchange, and wider issues of access and utilization.2  

Global food systems are inherently linked to climate in a large number 
of complex ways. The productivity of food crops, livestock and 
fisheries is highly dependent on climatic conditions and other envi-
ronmental factors linked to climate, such as atmospheric composition. 
There is a tradition in agriculture of coping with year-to-year changes 
in climate. Nevertheless, human-induced change is expected to push 
these managed ecosystems beyond their natural boundaries, requiring 
greater adaptation. Climate change and its drivers are therefore likely 
to impact on the production aspect of food security. Moreover, since 
social and economic systems as a whole are influenced by climate, 
food security is also likely to be impacted by climate change through 
its wider effects on infrastructure and economies. 

Impacts of climate change on food production
Climate change is likely to directly impact on food production across 
the globe. At higher latitudes where production is currently limited by 
temperature, producers may benefit from longer growing seasons for 
moderate warming, although higher levels would be expected to counter 
these benefits. Even moderate levels may not necessarily confer benefits 
without adaptation by producers, as an increase in the mean seasonal 
temperature can bring forward the harvest time of current varieties of 
many crops and hence reduce final yield, in the absence of any adapta-
tion to a longer growing season.3 In areas where temperatures are already 
close to the physiological maxima for crops, warming will impact yields 
more immediately.4 In seasonal arid environments higher temperatures 
may also be more immediately detrimental by increasing heat stress on 
crops and water loss by evaporation. 

Changes in short-term temperature extremes can be critical, espe-
cially if these coincide with key stages of crop development. Only a 
few days of extreme temperature (greater than 32°C) at the flower-
ing point of many crops can drastically reduce yield.5 Temperature 
extremes also increase the risk of heat stress to livestock. Changes in 
the water cycle will be vital to production, whether by a decrease in the 
availability of fresh water or increasing damage caused by an excess. 
More frequent heat waves and droughts are expected,6 causing yields 
of food crops and fodder for livestock to be more variable from year to 
year,7 decreasing overall.8 Further development of crop cultivars that 

are more tolerant to extreme weather is needed. Other 
impacts of drought may be reduced pasture productiv-
ity, increased livestock deaths, soil erosion via wind and 
land degradation. 

Food production can also be impacted by too much 
water. Heavy rainfall events leading to flooding can 
wipe out crops and drown livestock over wide areas, 
and since an increase in the intensity of extreme rain-
fall is expected in a warmer world,9 damaging flooding 
events may become more frequent.10 Flooding aside, 
direct negative impacts of excess water include soil 
water-logging, anaerobicity and reduced plant growth.
Indirect impacts include delayed farming operations 
or implementation when they could cause compac-
tion damage, as in livestock treading and ‘poaching’.11 

Agricultural machinery may simply not be adapted 
to wet soil conditions. Extreme wind events such as 
intense storms and hurricanes can also cause wide-
spread damage across cropland areas.

Changes remote from production areas may also be 
critical. Irrigated agricultural land comprises less than 
one fifth of all cropped area but produces 40-45 per 
cent of the world’s food,12 and water for irrigation is 
often extracted from rivers which depend on distant 
climatic conditions. Some key rivers are fed by moun-
tain glaciers, with approximately one-sixth of the 
world’s population currently living in glacier-fed river 
basins. Populations are projected to rise significantly in 
major glacier-fed basins such as the Indo-Gangetic plain 
and other major irrigated areas such as those near the 
Yangtze and Nile. As such, changes in remote rainfall 
and the magnitude and seasonality of glacial meltwaters 
could impact food production for many people.

Sea-level rise is another potential indirect influence. 
In low-lying coastal areas, rising seas will inundate agri-
cultural lands and salinize groundwater. Short-lived 
storm surges can also cause great devastation, even if 
land is not permanently lost. These impacts will chal-
lenge the livelihoods of many millions of people who 
live near the world’s mega deltas. Both marine and 
freshwater fisheries may also be impacted by change. 
Positive and negative impacts of warming on fish 
have been reported.13 Marine fisheries may be affected 
by general poleward shifts in ranges determined by 
temperature, and shifts in the ranges of pathogens and 
changes in nutrient supply due to altered oceanic circu-
lation. Freshwater fisheries may benefit from increased 

The Impacts and Implications of Climate Change and Variability
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changing the nature of incoming solar radiation. Increased 
concentrations of aerosol particles increase the proportion 
of diffuse solar radiation, which enhances photosynthesis 
in comparison with direct sunlight. It is suggested19 that 
this has increased vegetation productivity in Europe, North 
America, Africa, India and China by up to 30gCm-2y-1.

Impact of climate change on other components of 
the food system
Food distribution and other post-production aspects of 
the food system depend largely on a functioning socio-
economic system, with transportation, storage and 
purchasing of food all being key components of the 
process between production and consumption. Climate 
change is expected to affect the price of food – for 
example, cereal crop prices are expected to increase 
with high levels of global warming due to reductions in 
productivity, although it is less clear whether lower levels 
of global warming will increase or decrease prices. Many 
components of the food system, such as transport and 
infrastructure, are likely to be more vulnerable to changes 
in extremes rather than shifts in the mean climate. River 
and coastal fl ooding and extreme wind events cause 
damage to infrastructure, affecting transport and sale of 
food. Although extreme weather events can directly cost 
lives through the immediate impacts, such as drowning 
or serious physical injury, wider humanitarian impacts 

fl ooding events, or be threatened by declining low fl ows in drought 
affected regions.

Further indirect effects on production arise from other biological 
and ecological impacts. A substantial proportion of potential crop yield 
is lost due to weeds, pests and pathogens. Averaged over the major 
world crops, losses have been estimated as 34 per cent from weeds and 
18 and 16 per cent from animal pests and pathogens, respectively.14 

The distribution of many pests, diseases and disease vectors is closely 
linked with climate, particularly temperature. Changes in climate and 
pest and disease management practices will likely lead to challenges 
in managing agricultural contaminants (pesticides, veterinary medi-
cines) to avoid negative human health impacts.15

Drivers of climate change through alterations in atmospheric 
composition can also infl uence food production directly, particu-
larly by impacts on plant physiology. Increasing concentration of 
carbon dioxide (CO2) in the atmosphere will enhance the productiv-
ity of all major food crops except those using the C4 photosynthetic 
pathway (for example, maize, millet, sorghum and sugar cane). 
Many hundreds of crop experiments suggest that a doubling of CO2 
from current levels would lead to increases in yield of approximately 
one third, on average – although recent studies in fi eld conditions 
indicate that this may be an overestimate.16 

Physiological damage to crops by increased ground-level concentra-
tions of ozone (O3) is also a risk. O3 concentrations are projected to rise 
signifi cantly as a consequence of anthropogenic pollution,17 and reduced 
yields of key crops have resulted when grown under higher O3 concen-
trations.18 Atmospheric pollution may also impact plant productivity by 

The importance of distant water sources for crop production

Areas of cropland and irrigation, with selected major river basins and mountain glacier regions supplying water from distant sources.  Future crop production 

may be infl uenced by changes in climate both in the immediate vicinity and in other regions, in some cases up to thousands of kilometres away

Source: Met Offi ce, British Crown Copyright
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often occur through the indirect effects of the event acting via a break-
down in the means to distribute food through normal channels.

Food safety can also be threatened by climate change. Higher 
temperatures increase the need for careful storage, and extreme 
events pose a threat through increased risk of contamination by 
water-borne disease during fl ooding or an increase in crop storage 
pests and diseases. Moreover, if human livelihoods and incomes are 
affected through a major extreme weather event, this could impact 
on food affordability and therefore security. 

Challenges in forecasting climate change impacts on food security
Past increases in greenhouse gas concentrations have caused detect-
able warming which has yet to be fully realized, so further warming 
can confi dently be predicted irrespective of whether emissions are 
cut signifi cantly in the next few years. Global mean temperatures 
are expected to rise by between approximately 0.5 to 2.0°C by 
2050, with regional land temperatures rising more rapidly in most 
areas. Working Group 2 of the Intergovernmental Panel on Climate 
Change concluded that global crop production will be threatened 
by +1°C of warming and begin to decline at +3°C.20

Direct consequences of warming, such as increased heat stress and 
increases in mean sea level are therefore inevitable, although the rates 
of such changes and local impacts are less certain. While warming 
is also expected to increase global average precipitation, long-term 
precipitation changes at regional scales are far more diffi cult to 
confi dently predict, especially in the next few years to decades when 
year-to-year variability remains an important factor, before being over-
ridden by major human-induced climate change. Some level of skill 
in model forecasts of decadal climate change has been demonstrated 
at the global scale,21 and at smaller scales in some regions, especially 
the tropics, but considerable improvements in climate modelling are 
required before long-term plans can be confi dently supported. 

The complex interactions between different impacts of climate change 
also increase the diffi culty of forecasting, with much agricultural produc-
tivity depending not only on local change but also other areas via factors 
such as glacier melt, river fl ows and sea-level rise. The extent to which 
these changes may be counteracted or magnifi ed by other infl uences such 
as CO2 fertilization, O3 damage and changes in pests and diseases is also 
not yet predictable with confi dence. Identifi cation of the key drivers of 
major impacts will be important. An ability to assess changes in the risk of 

extreme events will be key. The infl uence of ongoing trends 
in average conditions may be overridden by a single major 
extreme event that affects distribution of food across a wide 
area. Considerable work is currently underway to improve 
regional-scale monthly to decadal forecasting, especially of 
the likelihood of extreme events.22

Adapting food systems to climate change
The main issues will be the rapidity of change and 
consequent lag in adaptation (human and technologi-
cal), together with the vulnerability of food crops to 
extremes. With severe limitations on the ability to fore-
cast many aspects of climate change impacts at the scales 
required, adaptation measures in the short- to medium-
term will need to focus on reducing vulnerability. This 
can be achieved using a number of approaches, including 
increasing productivity and improving distribution.23

Increased crop productivity may be achieved through the 
selection of cultivars with traits that facilitate greater resil-
ience, such as more effi cient water use, and greater tolerance 
to temperature extremes, pests and diseases. Changes in 
management tools and techniques such as irrigation may 
also assist with adaptation to shifting mean climate states. 
Implementation of such adaptation will require that climatic 
changes be discernible enough to prompt action but gradual 
enough to give adequate response time, or forward planning 
on the basis of future risk assessment.  

Reducing the vulnerability of individual farms’ 
productivity to extreme events may be particularly 
challenging – for example, it has been suggested24 that 
small farmers in Amazonia often lack the long-term 
knowledge and information on climatic extremes to 
cope with unusual events such as the 2005 drought. 
Improved food security may therefore require inter-
vention by local or national government. Adaptation of 
post-production aspects of food systems may be needed, 
such as improving the resilience of food distribution 
infrastructure and communications. 

In part this will require adaptation to climate change, 
but given that resilience is already poor in many areas, 
improving the ability to cope with existing climate vari-
ability is also needed. Some extreme events are relatively 
localized, so food security can be enhanced by improv-
ing distribution networks to ensure that impacts on local 
productivity are mitigated by access to production else-
where. This development must take account of potential 
change, to ensure improved resilience is maintained.  

While regional-scale decadal forecasting is still very much 
in its infancy, seasonal forecasts in some regions such as 
Ghana and northeast Brazil are already demonstrating 
predictive skill due to improved understanding and model-
ling of links between regional weather and sea surface 
temperatures. There is therefore some scope for the use of 
seasonal climate forecasting as an adaptation tool, facilitat-
ing early warnings of impacts on food production. While 
there are still many improvements to be made in the scien-
tifi c capability of seasonal and decadal forecasting, there is 
also considerable scope for improved pull-through of such 
forecasts to a wider range of actions on the ground.

Effects of climate change on cereal prices

Projected cereal prices (per cent of baseline) versus global mean temperature 

change. Prices interpolated from point estimates of temperature effects

Source: Easterling et al. (2007). Copyright IPCC
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Corals and climate change 
Angelique Brathwaite, Coastal Zone Management Unit 

Corals are the proverbial ‘canaries in the coal mine’ with 
respect to climate change, existing within very narrow 
environmental confines and so responding to even rela-

tively small changes in the environment. Corals are restricted to 
essentially warm and clean waters with temperatures between 
18-36°C (but with an optimal range of 26-28°C), salinity 
between 3.3-3.6 per cent, moderate wave energy, low nutrients 
and low sediment loading. 

While seemingly fragile, both in terms of their structure and inabil-
ity to exist under broad environmental parameters, coral reefs have 
existed on this planet well before humans and have adjusted to suit 
their changing environment in major ways over geological time. 
Reefs have formed, even if in different assemblages since at least 
37–24 million years ago.1 In contrast, our present day coral reefs 
have been existing for a mere 10,000 years and are distinctly differ-
ent from those that thrived during the Oligocene and the Pliocene 
times. 

With respect to our changing climate, there are four major areas 
of concern for coral reefs, and the primarily Small Island Developing 
States (SIDS) that they protect: 
• Increased temperatures 
• Ocean acidification
• Sea-level rise 
• Increased intensity of storms and hurricanes.

These are all serious issues for small tropical islands espe-
cially since there is no realistic expectation that the major 
producers of greenhouse gases will change their modus 
operandi in the near future.2

The predictions from the Intergovernmental Panel on 
Climate Change (IPCC) with respect to these elements 
are dire, and it is probable that we will continue to lose 
the enormous benefits of our coral reef ecosystems, 
such as protection from high energy waves, nutrition 
from their flora and fauna, medicines, tourism revenues 
and their stunning, natural beauty if they come to frui-
tion, without major coastal infrastructural works. Of 
course, one would also hope that the major global emit-
ters of greenhouse gases would change their practices, 
and reduce their emissions.

Increasing temperatures
Coral bleaching, which occurs when sea surface 
temperatures exceed the normal summer maximum by  
1°C or 2°C  for at least four weeks3 has already had a 
catastrophic impact globally on coral reef ecosystems. 
The phenomena occur when the coral animal is stressed 
and expels its algal symbiont (zooxanthellae), which 
also produces much of the nutritional requirements 
the animal needs for growth. The IPCC reports that if 
all factors remain as they are, the warming trend will 
continue at a rate of about 0.1°C per decade, due to 
the slow response time of the ocean. It has also been 
suggested that as a result of increasing greenhouse gas 
emissions, temperatures over the tropical oceans will be 
2°C and 3°C higher than the 1990 baseline by the 2050s 
and 2080s respectively.4 In addition current projections 
suggest that the situation will only get worse with a 
prediction that bleaching could become an annual event 
within the next 30-50 years, with the highest incidence 
in the Caribbean.5  

All predictions will have dire consequences for corals as 
most of them exist quite close to their upper thermal limits, 
and are already displaying adverse reactions to the increase 
in temperature. It is expected that coral bleaching will 
continue and coral diseases will flourish, while the ranges 
of many species will change and fisheries will be harmed.

Major bleaching events occurred in 1997-98, where 50 
per cent of tropical corals were bleached and just about 16 
per cent of the world’s coral reefs were destroyed. In 2005, 
the bleaching affected primarily the Caribbean region. In 
Barbados, 90 per cent of all coral were affected and mortal-
ity due to bleaching was estimated at around 20 per cent.6

The Impacts and Implications of Climate Change and Variability

Erosion along the west coast of Barbados, 2009
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The ‘catch up’ reefs are those which were initially found 
in deeper water, but caught up after sea-level rise slowed 
down. On this type of reef are found younger, shallow water 
corals growing on top of older deep water corals. The ‘give 
up’ reefs are those that have stopped accreting, usually the 
deeper water corals. 

Barbados, unlike many of its neighbours is a relatively 
flat island and therefore extremely susceptible to inundation 
from sea-level rise. Most of our critical infrastructure, such 
as the major hospital, and central police headquarters, lies 
within a kilometre of the coast, and will be lost if IPCC’s 
prediction comes true, without major preventative works. 
The island is already experiencing serious levels of coastal 
erosion and has undertaken major coastal restorative works 
to protect beaches. On the optimistic side, Barbados appears 
to be undergoing tectonic uplift, and seems to be keeping 
pace with sea-level rise. However, if this situation does not 
last, our ‘keep up’ and ‘catch up’ reefs might be experiencing 
difficulties in the future.

Increased intensity of storms and hurricanes
The IPCC predicts that hurricanes and other extreme 
weather events will become more severe. Intense wave 
action generated by such events has already resulted in 
physical damage to the reef structure as well as sediment 
smothering, due to runoff resulting from increased rain-
fall. Moderate storms were thought to have a beneficial 
effect on reefs by removing the old, sick and otherwise 
compromised corals, thus clearing the way for new corals 
to settle. However, present day coral reefs are already 
impacted by such a plethora of negative factors, that 
knocking them down at this stage has only resulted in 
dead corals being overgrown by algae which further limits 
coral recruitment. Recovery times (from storm damage) 
have been estimated at around 50 years for Caribbean 
reefs, however this period will most likely have to be 
extended due to the prevalence of other impacts such as 
bleaching, disease and over growth by algae.10

Coral reefs have already experienced sea level changes, 
ice ages and other extreme climatic conditions. It is as yet 
unclear, if the climate induced stresses being exerted on 
present day coral reefs are merely a part of the global boom 
or bust cycle as described by Hubbard11 or if they are expe-
riencing unprecedented new stresses, which together could 
result in the annihilation of our coral reef ecosystems. That 
question remains unanswered as we continue to tackle the 
issue of reducing atmospheric carbon dioxide as well as 
other anthropogenic impacts such as nutrient and sediment 
loading, physical damage and overfishing on coral reefs. 

What is clear, however is that coral reefs as we know 
them will cease to exist, along with their accompanying 
ecosystem services, unless serious measures are taken now 
to reduce levels of carbon dioxide. According to Wilkinson 
and Souter12, warming from past greenhouse gas emissions 
has already committed us to more bleaching events by the 
2030s. However, if the greenhouse gases are dramatically 
reduced within the next 20 years, and with careful manage-
ment of the coral reef resources that exist presently, we 
might be able to preserve some of this important ecosystem. 

The bleaching phenomenon is an extremely serious matter for all 
tropical islands like Barbados especially since it doesn’t seem that 
there will be a reversal of the global warming trend, even under the 
most optimistic future climate scenarios.7 

Ocean acidification
The uptake of anthropogenic carbon since 1750 has led to the ocean 
becoming more acidic, with an average decrease in pH of 0.1 units.8  
By the end of the century, acidification might be occurring at a rate 
one hundred times faster, and three times greater than has occurred 
on our planet during the last 21 million years.9 This is expected to 
lead to a reduction in the rates of calcification of reef-building corals 
by between 14-30 per cent by 2050. If corals are unable to build, 
rates of bioerosion will exceed that of growth and their infrastruc-
ture could essentially crumble.

Sea-level rise
According to the IPCC, sea level rose around 6-7 inches during the 
twentieth century, which was ten times faster that the rate during the 
last 3,000 years. They have additionally predicted a 7-23 inch rise in 
the global average sea level by the 2090s, however many scientists 
are concerned that the rate will actually be higher, since some recent 
studies have been showing that the ice sheets of parts of Antarctica 
and Greenland are melting much faster than previously anticipated. 

Coral reefs are expected to respond to sea-level rise in a number of 
ways, based on their ability to accrete calcium carbonate and the pace 
of the rise. If reef structure is compromised as a result, then secondary 
impacts such as beach erosion are likely to follow. Coral reefs are in 
constant motion, continually accreting and pushing themselves upwards, 
as well as being bioeroded. According to Neumann and Macintyre corals 
will respond to sea-level rise in three ways. They will either keep up, catch 
up or give up. If the rates of accretion can keep pace with the rise in sea 
level, the reefs will keep up. These are primarily shallow water corals, 
which maintain their presence in shallow water as the sea-level rises. 

Bleached colony of Montastrea faveolata on Maycocks Reef during the 2005 event
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Climate change and tourism:  
facing the challenges 

Luigi Cabrini, Director, Department of Sustainable Development of Tourism, World Tourism Organization

Compelling evidence indicates that the global climate 
has changed considerably since the pre-industrial era.1 
According to the Intergovernmental Panel on Climate 

Change (IPCC): “Warming of the climate system is unequivocal”.2 
Furthermore, the climate is anticipated to continue changing over 
the 21st century and beyond. The IPCC projected that the pace of 
climate change has a greater than 90 per cent probability of accel-
erating if greenhouse gas (GHG) emissions continue at or above 
the current rates. As a consequence of this change, the frequency 
and intensity of extreme events – such as heat waves, tropical 
cyclones or heavy precipitations – is also very likely to increase. 
Even if atmospheric concentrations of GHGs were stabilized at 
current levels, the Earth would continue to warm as a result of 
past GHG emissions and the thermal inertia of the oceans.3

Due to its close connections with the environment the tourism 
industry and tourist destinations are clearly sensitive to climate 
variability and change.4 The climate defines the length and quality 
of tourism seasons as well as playing a major role in destination 
choice and levels of tourist spending. As such, climate changes will 
unmistakably affect the tourism sector. Indeed, the necessity for 
awareness and preparedness at a local level – through systematic 
capacity building and strategies for disaster risk – has already been 
highlighted by numerous tourism destinations. 

Tourism in the era of global climate change
The tourism community’s concern regarding the chal-
lenge of climate change has visibly increased over 
the last few years. The World Tourism Organization 
(UNWTO) and several partner organizations convened 
the First International Conference on Climate Change 
and Tourism in Djerba, Tunisia in 2003. The Djerba 
Declaration recognized the complex inter-linkages 
between the tourism sector and climate change, and 
established a framework for future research and policy 
making on adaptation and mitigation. Climate affects 
a wide range of the environmental resources that are 
critical attractions for tourism, such as snow condi-
tions, wildlife productivity and biodiversity, as well as 
water levels and quality. Climate also has an important 
influence on environmental conditions that can deter 
tourists, including infectious disease, wildfires, insect or 
water-borne pests (such as jellyfish and algae blooms), 
and extreme events such as tropical cyclones. 

There are four broad categories of climate impacts 
that will affect tourism destinations, their competitive-
ness and sustainability:5 

Direct climatic impacts – Climate codetermines the 
suitability of locations for a wide range of tourist activi-
ties, is a principal driver of global seasonality in tourism 
demand, and has an important influence on operating 
costs, such as heating/cooling, snow-making, irriga-
tion, food and water supply, and insurance costs. Thus, 
changes in the length and quality of climate-dependent 
tourism seasons (‘sun and sea’ or winter sports holidays) 
could have considerable implications for the competi-
tive relationships between destinations, and therefore 
the profitability of tourism enterprises on the whole. 

Indirect environmental change impacts – A wide 
range of climate induced environmental changes have 
profound effects on tourism at the destination and 
regional level. Changes in water availability, biodiversity 
loss, reduced landscape aesthetic, altered agricultural 
production, increased natural hazards, coastal erosion 
and inundation, damage to infrastructure and the 
increasing incidence of vector-borne diseases will all 
impact tourism to varying degrees. 

Impacts of mitigation policies on tourist mobility – While 
seeking to reduce GHG emissions, national and interna-
tional mitigation policies are likely to have an impact on 
‘tourist flows’. They could lead to an increase in transport 

The Impacts and Implications of Climate Change and Variability

Coastal erosion and sea wall protection on a beach in Fiji
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constitute an opportunity elsewhere. Consequently, 
there will be ‘winners and losers’ at the business, desti-
nation and national level. 

Contribution of tourism to climate change
The tourism industry uses energy in several activities such 
as transportation and accommodation. As in many other 
economic sectors, most energy use in tourism is based 
on fossil fuels. Climate change is caused by GHG emitted 
into the atmosphere – primarily through the burning of 
fossil fuels. As such, the tourism sector is not exempt from 
contributing to the process of global warming.

Carbon dioxide (CO2) is the greenhouse gas that 
contributes the most to climate change, accounting for 
an estimated 60 per cent of the warming caused by GHG 
emissions.9  The reported volume of CO2 emissions 
attributed to tourism varies considerably depending on, 
among other factors, the definition of what constitutes 
‘tourism’. According to UNWTO’s, tourism refers to: 
“The activities of persons travelling to and staying in 
places outside their usual environment for not more 
than one consecutive year for leisure, business and 
other purposes not related to the exercise of an activity 
remunerated from within the place visited.”10 

Given this definition, emissions from tourism, including 
three main sub-sectors – transportation, accommoda-
tion and activities – are estimated to represent close to 
5 per cent of global CO2 emissions in 2005. From the 
total CO2 emissions contributed by tourism in that year, 

costs and may foster environmental attitudes that lead tourists to change 
their travel patterns (for example, shift transport mode or destination 
choices). There has been substantial recent media coverage on this topic, 
specifically as it relates to air travel. Long-haul destinations can be partic-
ularly affected and officials in Southeast Asia, Australia, New Zealand 
and the Caribbean have expressed concern that mitigation policies could 
adversely impact their national tourism economy.6

Indirect societal change impacts – Climate change is thought to 
pose a risk to future economic growth and to the political stability 
of some nations.7 According to the Stern report on the economics of 
climate change, although a global warming of only 1°C might benefit 
worldwide gross domestic product (GDP), greater climate change 
would eventually damage economic global growth. Furthermore, 
unmitigated climate change could cause a reduction in consump-
tion per capita of 20 per cent later in the 21st century or early 22nd 
century. Any such reduction of global GDP due to climate change 
would reduce the discretionary wealth available to consumers for 
tourism and have negative implications for anticipated future growth 
in tourism. However, there has been no in-depth interpretation of 
the Stern report8 with regards to the tourism sector. 

The integrated effects of climate change will have far-reaching 
consequences for tourism businesses and destinations. Changes in 
temperature and other important features of climate will manifest 
themselves differently across the regions of the world, generating 
both negative and positive impacts on the tourism sector. These 
impacts will vary substantially by market segment and geographic 
region. The implications of climate change for any tourism busi-
ness or destination will also partially depend on the impacts on its 
competitors. A negative impact in one part of the tourism system may 

Geographic distribution of major climate change impacts affecting tourism destinations

A summary assessment of the most at-risk tourism destinations for the mid to late 21st century. Due to the very limited information available on the potential 

impacts of climate change in some tourism regions, this qualitative assessment must be considered with caution

Source: UNWTO, UNEP and WMO (2008)
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transport generated around 75 per cent, with approximately 40 per 
cent being caused by air transport alone. CO2 is not the only cause of 
climate change, with other GHGs and the ‘radiative effect’ also making 
significant contributions to global warming. There are however wide 
discrepancies in calculations of their impact on climate change. 

Mitigation policies and measures
Continued growth of tourism-related emissions is projected under 
‘business-as-usual’ conditions, so mitigation policies are vital for the 
industry. Such policies need to consider several dimensions including: 
the need to stabilize the global climate; people’s right to rest, recovery 
and leisure; and the United Nations Millennium Development Goals.

Climate change mitigation relates to technological, economic 
and socio-cultural changes that can lead to reductions in GHG 
emissions. As the reductions required from tourism to contrib-
ute meaningfully to the broader emission reduction targets of the 
international community are substantial, mitigation should ideally 
combine various strategies – such as voluntary, economic and regu-
latory instruments. These can be targeted at different stakeholder 
groups including: tourists; tour operators; accommodation managers; 
airlines; manufacturers of cars and aircraft; and destination manag-
ers. Instruments could also be applied with different emphasis in 
different countries, so as not to jeopardize the opportunity to reduce 
poverty offered by tourism in developing countries.

It is possible to distinguish four major mitigation strategies for 
addressing GHG emissions from tourism: 

Reducing energy use – One of the most essential aspects of mitigation. 
It can be achieved by changing destination development and manage-

ment practices, as well as altering transport mode (for 
example, more use of public transport, or shifting from car 
and aircraft to rail and coach). Tour operators can play a key 
role in this process, as they bundle products and can have 
considerable influence on demand for less carbon intensive 
journeys by creating attractive products that meet tourists’ 
needs and desires. UNWTO hosts the secretariat of the Tour 
Operators’ Initiative for Sustainable Tourism Development, 
which seeks, among other objectives, to encourage initia-
tives and efforts to achieve sustainable development across 
all sectors of the tourism industry.

Improving energy efficiency – The use of new and 
innovative technology can significantly reduce emis-
sions and energy demand.

Increasing the use of renewable energy – The substi-
tution of fossil fuels with renewable energy sources is 
particularly important for island destinations, where 
energy supply based on fossil fuels is expensive and at 
risk of supply interruption.

Sequestering CO2 through carbon sinks – Within the 
tourism industry this is currently practiced through 
carbon compensation or carbon offsetting, which means 
that an amount of GHG emissions equal to that caused 
by a certain activity will be reduced elsewhere (for 
example, through reforestation).11

In order to estimate how emission pathways in the 
global tourism sector might develop in the future, a team of 
experts has developed several scenarios considering differ-
ent mitigation options. The ‘business-as-usual’ scenario 
(which takes into account the UNWTO’s Tourism 2020 
Vision forecast of an average 4 per cent annual growth of 
international tourist arrivals up to 2020) predicted that 
CO2 emissions in the global tourism sector will experience 
a growth of 161 per cent by 2035. If the maximum possible 

Estimated emissions from global tourism in 2005, 
including international and domestic tourist trips, as 
well as same-day visitors

Source: UNWTO, UNEP and WMO (2008) 

Electric vehicle fleet for tourists in Werfenweng, Austria
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technological efficiencies were achieved for all transport modes, accom-
modations and activities 38 per cent lower emissions would be generated. 
In the case of reducing energy use by a combination of transport modal 
shifts, shifts to shorter haul destinations and increasing average length of 
stay emissions could be reduced by 44 per cent. Under the most effective 
mitigation projection, using a combination of technological efficiencies 
and energy reduction, the ‘business-as-usual’ scenario emissions of 2035 
could be reduced by 68 per cent.12

Mitigating the contribution of tourism to climate change is a 
pervasive issue that is addressed by many of the programmes and 
initiatives supported by the UNWTO. For instance, UNWTO coor-
dinates the Hotel Energy Solutions project (former EETI). The 
programme seeks to deliver training, information and technical 
support to help small and medium size hotels across the 27 UE 
countries increase their energy efficiency and use of renewable 
energy. The project aims to increase energy efficiency by 20 per 
cent and use of renewable energy by 10 per cent. 

Adaptation in the tourism sector
In order to minimize the risk and to capitalize upon the opportunities 
offered by climate change, all tourism businesses and destinations 
will need to adapt in an economically, socially and environmentally 
sustainable manner. At the Second International Conference on 
Climate Change and Tourism in Davos, Switzerland in 2007, special 
sessions were dedicated to climate change adaptation in different 
types of vulnerable destinations including: coasts, islands, moun-
tain regions and nature-based destinations. The Davos Declaration 
acknowledges the need to adapt to changing climate conditions and 
calls for specific actions by different tourism stakeholders.

Although the capacity of the tourism sector to adapt to climate change 
is relatively high due to its dynamic nature, adaptive capacity varies 
substantially both within and between stakeholder groups – depend-
ing on financial resources, technical knowledge and capacity to move. 
Due to their relative freedom to avoid destinations impacted by climate 
change, or to shift the timing of travel to avoid unfavourable climate 
conditions, tourists have the greatest adaptive capacity. Large tour opera-
tors, who do not own the infrastructure, are in a better position to adapt 
to changes at destinations because they can respond to clients demand 
and provide information to influence clients’ travel choices. Suppliers 
of tourism services and tourism operators at specific destinations have 
less adaptive capacity. On the other hand, destination communities and 
tourism operators with large investments in immobile capital assets have 
the least adaptive capacity. 

The most vulnerable destinations will require assistance to adapt. 
UNWTO particularly supports the Least Developed Countries and Small 
Island Developing States (SIDS) schemes. In these locations persist-
ent poverty and environmental needs are expected to exacerbate the 
adverse consequences of climate change, and adaptive capacity is rela-
tively low due to limited financial resources and technical knowledge. 
Unfortunately, such areas are also often highly dependent on tourism. In 
order to implement adaptation measures and disseminate good practices, 
UNWTO is assisting the integration of tourism as a means of economic 
diversification into national adaptation strategies through a series of pilot 
projects. The pilot projects are expected to deliver replicable outputs, 
as SIDS and other coastal destinations have similar climate and tourism 
challenges – such us shoreline and beach erosion, reduced water avail-
ability, interrupted supply chain, coral bleaching and physical damage 
to property due to extreme climatic events. The aim is to enhance the 
resilience of the tourism sector to climate change by demonstrating adap-

tation initiatives – initiatives that will enhance the ability of 
operators and tourism dependent communities to respond 
to these challenges.

Overview of the relationship between climate  
and tourism
Our lifestyles, economies, health and social well-being 
are all affected by climate change – and all nations 
and economic sectors will have to face the challenges 
it represents. Tourism is no exception, indeed, it is 
a highly climate-sensitive economic sector due to its 
close connections to the environment and climate itself. 
However, tourism not only suffers the effects of climate 
change, but also contributes to it through the emission 
of greenhouse gases – mainly CO2 – to the atmosphere. 
This demands adaptation and mitigation strategies 
aimed at preventing and adapting tourism destinations 
to climate change consequences, as well as at reducing 
the contribution of the tourism sector to this phenom-
enon. Using a broad range of technological, educational 
and managerial measures the tourism sector has been 
adapting its operations to climate zones worldwide – 
however, much more needs still to be done.

The importance of identifying measures to address 
climate change should not however jeopardize the 
tourism sector’s role in contributing to the achievement 
of the United Nations’ Millennium Development Goals, 
especially poverty alleviation.13 A meaningful and effec-
tive response to the challenge of climate change must be 
integrated within the broader agenda of sustainable devel-
opment. 

These are the main principles inspiring the ‘Davos 
Declaration Process’ promoted by UNWTO and aimed 
at actively involving tourism stakeholders in the iden-
tification and application of adequate responses to the 
challenges of climate change. 

Coral bleaching in the Great Barrier Reef
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Managing climate related health risks 
S.J. Connor, International Research Institute for Climate and Society

Good health status is one of the primary aspirations of human 
social development. Consequently, health indicators are key 
components of human development indices – for example, 

the Millennium Development Goals (MDGs), by which we measure 
progress toward sustainable development.1 Certain diseases and ill 
health are associated with particular environmental, seasonal and 
climatic conditions. This was recognized by the ancient writers of 
Vedic literature, and by Hippocrates, but largely overlooked during 
the development of modern medicine. However, community and 
public health services are showing increased awareness of these 
associations, and climate and health interactions are the focus of 
considerable research today. During 2008, many high-level policy 
recommendations were made on the importance of climate and envi-
ronmental change and its potential impacts on health. Climate and 
health was the topic of World Health Day and a special resolution on 
climate and health was passed by the 61st World Health Assembly.2

Climate impacts on health through a number of mechanisms. This may 
be directly, through cold or heat stress, or indirectly through its impact 
on communicable and non-communicable disease. Climate and weather 
extremes cause hazards, drought, food insecurity, social disruption and 
population displacement – leading to greater exposure to malnutrition, 
diseases or accidental death. The World Health Organization (WHO) 
recently identified 14 climate sensitive communicable diseases, includ-
ing malaria, meningitis, cholera and dengue. WHO describes these 
diseases as being candidates for the development of climate informed 
early warning systems. WHO also acknowledges that many non-commu-
nicable coronary and respiratory diseases are climate sensitive.3 Using 
research evidence to guide the creation of effective health policy has been 
strongly promoted in recent years through, for example, the Cochrane 
systematic reviews.4 

Before using climate information in routine decision making, health 
policy advisors and decision makers should ask for evidence of the impact 
of climate variability on their specific outcome of interest. They should 
also investigate whether using climate information is a cost-effective and 
practical means to improve health outcomes. 

This demand asserts the importance of evidence in effective policy 
making while placing climate in a broader context as one amongst several 
imperatives. If evidence is to have a greater impact on policy and practice, 
four key requirements are necessary: 
• Agreement on the nature of acceptable evidence
• �A strategic approach to evidence creation, together with the  

development of a cumulative knowledge base
• Effective dissemination and access to knowledge
• �Initiatives to increase the uptake of evidence in both policy and practice.

Improving routine health surveillance is clearly one essential 
component of this strategic approach, but more effective partner-
ships need to be developed to integrate the climate factor effectively. 

The following examples, both from the more developed 
and less developed countries, illustrate this.

Respiratory disease and heat stress in the  
temperate zones
There are numerous studies linking atmospheric air quality 
and airborne particulate matter (airborne PM: particulate 
matter less than 10 micrometres in size) to aggravated 
cardiac and respiratory diseases (such as asthma, bronchi-
tis and emphysema) and various forms of heart disease. A 
strong correlation exists between high levels of airborne PM 
and increases in emergency room visits, hospital admissions 
and fatalities. Children, the elderly and people with respira-
tory disorders are particularly susceptible. Meteorological 
services are able to provide routine information to help 
mitigate this problem. 

For example, the Canadian Meteorological Service 
produces a daily air quality forecast. Air quality is expressed 
using an Air Quality Index. Air Quality Advisories are issued 
when the air pollution levels exceed national standards. 
They are issued in partnership with provincial and munici-
pal environment and health authorities, and contain advice 
on action that can be taken to protect health and the envi-
ronment. A cornerstone of this process is the development 
of relevant and timely health messages that allow Canadians 
to safeguard their own health, as well as the health of those 
in their care, and to motivate change in improving air 
quality in their communities over the medium- to longer-
term. Similar activities are taking place across the border in 
the United States, as well as in Europe.

The European heat wave during the summer of 2003 
was associated with an estimated 45,000 excess deaths, 
with more than 15,000 of these occurring in France alone. 
Following this event, the European Office of WHO, with 
funding from the European Union (via Euro-Heat), joined 
research institutions, health care providers and many of the 
National Meteorological Services in studies to establish the 
factors and mechanisms responsible. This information was 
then used to set up early warning systems to increase public 
awareness and to reduce vulnerability and associated risk.5 

The socioeconomic factors related to heightened risk 
and vulnerability are complex but include age, existing 
medical conditions, poor levels of physical fitness, urban 
residence, air quality and poor ventilation. The climatic 
factors involved focus largely on the stability and persist-
ence of elevated temperatures, relative humidity and cloud 
cover – where these create a high local heat stress index. 
Météo France, a Euro-Heat partner, declared July 2006 as 
the warmest on record. Yet figures suggest that heat related 

The Impacts and Implications of Climate Change and Variability
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countries (Ethiopia, Kenya and Madagascar) have centred 
on the establishment of Climate-Health Working Groups 
(CHWGs). The CHWGs are multi-agency partnerships – in 
each case chaired by the Ministry of Health and co-chaired 
by the National Meteorological Services – with members 
drawn from supporting agencies (UN agencies, and govern-
mental and non-governmental organizations) providing 
broad support to the health sector.11 These multi-agency 
initiatives offer a good opportunity to elicit broad needs 
for climate risk management and stimulate demand for the 
development of appropriate training and services.

Concerns over climate change have heightened the 
urgency of achieving significant advances in disease reduc-
tion and health care delivery. Increasing urbanization has 
led to the situation where more than half of the world’s 
population are living (formally and informally) in cities 
and their margins. Dengue is emerging as a major threat 
to urban and peri-urban populations in Asia and Latin 
America. Uncertainty in understanding the impact of a 
warming climate on regional rainfall distributions has major 
implications for rain-fed agriculture, water resources, food 
security and malnutrition among the rural poor; each of 
these poses its own unique set of challenges regarding 
climate-health policy recommendations and guidelines for 
practice in improving and maintaining health outcomes.12 

While there are promising examples demonstrating the 
basis of climate risk management in the health sector, much 
more needs to be done in building research capacity and 
developing appropriate educational curricula. Currently 
there are few boundary institutions able to provide the 
level of training required at this interface, and this requires 
significant investment if we are to have new generations of 
appropriately trained professionals ready and able to tackle 
the risks of a constantly changing climate.

deaths in France numbered only a few hundred, and for Europe a few 
thousand. While this was extremely good news, and suggests that early 
warning systems might be contributing to this reduction, the importance 
of socioeconomic factors with regards to climatic factors is yet to be 
clearly understood. While heat early warning systems offer benefits in the 
immediate-term more should be done to encourage greater promotion 
of insulation, ventilation and improved home design by urban planners 
and buildings regulators. By managing current climate risk and lowering 
vulnerability public health and allied services provide examples of adapta-
tion to a changing climate.

Epidemic disease in the tropics
Malaria and dengue are vector-borne diseases associated with tropical 
regions – however, their persistence in the tropics is strongly related 
to poverty and under-development. Malaria was rife in Europe and 
North America prior to its eradication between 1940 and the 1950s. It is 
now widely recognized that malaria is a major constraint to both socio-
economic development and the MDGs in Africa, where an estimated 
90 per cent of all malaria deaths, and immeasurable sickness occurs. 
Approximately 500 million Africans live in regions endemic to malaria. 
Endemic malaria is highly correlated with climate in terms of its spatial 
distribution and its seasonality. A further 125 million Africans live in 
regions prone to epidemic malaria, which is again highly correlated with 
climate, but in this case, with climate anomalies. Significant resources are 
now being made available to control malaria in African countries through 
the Global Fund for AIDS, TB and Malaria. It is considered that climate 
information could be used to help focus these resources more effectively. 

While significant gaps have been identified between climate services 
and end-users in Africa, a number of African countries seek to use climate 
information as part of integrated epidemic early warning and response 
systems. The most advanced example can be found in Botswana where 
the National Malaria Control Program uses tailored seasonal climate 
forecasts and weather scale information received through the National 
Meteorological Services as part of an effective Malaria Early Warning 
System. State-of-the-art seasonal forecasts derived from the EU’s 
Framework 5 and Framework 6 DEMETER and ENSEMBLES project 
have been produced at the Southern African Development Community’s 
Drought Monitoring Centre and made available to the Ministry of Health 
and the WHO Intercountry Team for Malaria Control in Southern Africa. 
The forecasts, which have shown predictability of high (and low) malaria 
years with five months lead-time,6 are followed with rainfall routine moni-
toring products, which add confirmation of risk and more geographical 
focus, with high predictability at one to two months lead-time.7 

Botswana’s example has been promoted by WHO to encourage other 
African countries to follow suit and there are clear signs of improved 
management of epidemic malaria in the region.8 This has been managed 
to some large extent through the Malaria Outlook Forums with their 
special focus on providing appropriate climate information to the 
national malaria control programmes in Southern Africa.9 Preliminary 
economic studies also show strong potential for cost advantage of using 
climate information to guide the extent of malaria control activities in 
this region.10

However, if such initiatives are to perform at the scale required, 
including the densely populated highland fringe epidemic settings 
where the interplay between rainfall, temperature and humidity is more 
complex, then significant interdisciplinary research and collaboration 
is essential. Appropriate training must be provided, and mechanisms 
developed across disciplines, to address socioeconomic vulnerability 
to severe disease outcomes. Recent initiatives in a number of African Anopheles freeborni takes blood from a human host
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Climate change migration from  
low-lying small island communities     

David King, Director of the Centre for Disaster Studies, and Scott Smithers,  
Associate Professor in the School of Earth & Environmental Sciences, James Cook University

Climate change research has recorded increases in 
surface temperatures and evidence of sea-level rise.1 
While there is great debate about climate change 

projections, problems of sea level inundation have already 
been experienced in low-lying small islands in the Indian and 
Pacific oceans. Sea flooding in these communities has initially 
occurred as storm surges from hurricanes, cyclones and 
distant storms accompanied by high tides, producing episodes 
of intense inundation and erosion. It has taken the momen-
tum of evidence during this decade to move governments and 
institutions to acknowledge the need for adaptive action, 
although much of the human population probably remains 
largely unaware. Making people aware of the changing envi-
ronment and climate requires a number of complex processes. 
As F. Duerden comments: “Personal experience takes place in 
a limited timeframe, making it difficult to separate long-term 
change from aberrations.”2 

Those remote and rural communities that are depend-
ant on local resources face adaptation, which may make 
them especially vulnerable. Handmer et al3 make the 
point that globally, adaptation is effective, but that at 
the local level vulnerability is extremely unequal. Some 
populations simply will not survive in their current 
locations. This introduces migration as an adaptive 
strategy – certainly not part of emergency manage-
ment thinking, which is focused on relatively static 
local communities. Low-lying islands and coastal 
areas, particularly atoll groups in the Indian and Pacific 
oceans, are the first environments to face the threat of 
inundation from rising sea levels. Some communities 
already face the prospect of migration away from their 
homelands. These are either spontaneous individual or 
household decisions, or planned relocations by commu-
nities or government institutions. 

The Impacts and Implications of Climate Change and Variability

High tides and storms cause flooding at Takuu in the Mortlock Islands, Papua New Guinea, December 2008
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Outmigration in the Pacific, therefore, is not a new 
phenomenon related to climate change. Factors such 
as the lack of development coupled with population 
increase, pressure on resources and consequent degra-
dation of soil, land and vegetation has all contributed 
to immigration. Alongside spontaneous internal and 
international migration, government schemes have also 
been working to resettle populations within countries. 
Both the Maldive and Papua New Guinean governments 
practise population resettlement, which has recently 
been identified as ‘climate change migration’.7

The Republic of Maldives government allocates 
populated islands to tourist resorts, transferring respon-
sibility for infrastructure and service provision to 
tourism companies. At the same time, action has been 
taken to separate resorts from the indigenous popula-
tion with the aim of protecting culture. More recently, 

What physical processes are taking place in low elevation 
small island communities?
Low-lying reef islands are dynamic landforms that are especially 
sensitive to the changes in wind, waves and water level that occur 
normally from season to season and within the natural variability 
of local climate conditions.4 They are also sensitive to changes in 
shoreline processes and sediment movement to and around their 
shores. This includes islands associated with both traditional and 
engineered shoreline protection or reclamation activities. The recent 
experience of many island communities is one of marked shoreline 
change, coastal erosion and loss of island area into the sea. The 
impacts of these changes are often compounded by two factors. 
First, is the breach of a higher natural berm that typically encircles 
the lower central parts of many reef islands, allowing the sea to 
flood into the island core during higher tides and storms. Second, 
population growth on many islands means that settlements may 
now occupy island areas long known to be vulnerable to periodic 
flooding.5 

Whether recent erosion and inundation is driven by climate 
change impacts is a moot point, although it is known that many 
island communities fear that recent changes are the beginning of a 
trajectory of decline and that submergence is, ultimately, inevitable. 
Wave inundation associated with extreme high tides, elevated sea 
levels associated with a strong La Niña, and two large storms in the 
region affected broad areas of the western Pacific in December 2008, 
eroding shorelines, washing away houses and infrastructure, flood-
ing food gardens and contaminating water supplies. This event can 
be explained by the unlucky coincidence of three factors that may 
be unrelated to climate change – although it may be argued that 
they have become more intense and frequent as a consequence of it. 
Indeed, washover events have been experienced before – one recent 
occurrence has been associated with the Chilean tsunami. However, 
this event appears to have been viewed differently by many island 
communities – a prelude of what is to come – and clearly some-
thing that they do not want to face again.

Migration and resettlement schemes
Pacific and Indian Ocean island countries such as the Maldives, 
Tuvalu and Kiribati are especially vulnerable to sea-level rise and 
have already experienced its impacts. The media has, in the past, 
made reference to climate change refugees and the disappearance 
of these three nations as their limited land area is engulfed by 
the sea. Equally vulnerable are small atoll communities that are 
part of larger island states such as Papua New Guinea, Solomon 
Islands and Fiji. While small nations like Tuvalu contemplate 
not only the loss of their homeland, but their independence and 
sovereignty if they are forced to relocate, the consequences are no 
less dire for remote communities such as the Carteret, Mortlock 
and Tasman islands in Papua New Guinea, whose populations 
have maintained strong cultural autonomy in the absence of 
much outside support.

In the face of increased erosion and inundation, individuals, 
households and communities face the prospect of emigrating from 
their homelands. Although, Pacific islanders have been migrating 
to larger centres for decades to seek opportunities and services 
that they are unable to access at home.6 Many island governments 
including Tuvalu have encouraged migration, as absentees remit 
earnings to support their family at home and provide a cultural and 
socioeconomic base for subsequent migrants.

Small atoll communities are particularly vulnerable to flooding 
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the Maldives has initiated a regional planning policy of consolida-
tion of government services. Instead of providing a range of services 
on all inhabited islands, a wider range of services is provided on a 
smaller number of more highly populated islands in order to reduce 
government costs. People on more remote and sparsely populated 
islands will be accommodated on the destination islands, where 
the increased number and density of people makes services more 
economically viable. Forced relocation was never a part of this 
plan.8 As the Indian Ocean tsunami occurred during this planning 
process, it also became necessary to identify safe islands that were 
less vulnerable to surges and destructive waves. Thus, anticipation 
of climate change and rising sea levels has influenced a planning 
process that was initially concerned with a more efficient provision 
of government services, in a country with limited resources.

The Tulun (Carteret) islanders in Papua New Guinea have been  
labelled by the media as the world’s first climate change refugees, 
but it must be acknowledged that their own non-governmental 
organization leader has also used the issue to publicise their plight. 
Throughout 2009, families started relocating to resettlement sites 
on the mainland of Bougainville. This is a resettlement that began 
many decades ago. Colonial government officers first identified a 
population and resource crisis in the Carteret Islands during the 
1960s.9 By the early 1980s, the government of the North Solomons 
province, which contains Bougainville and the Carterets, drew up a 
policy paper identifying problems including storms, erosion, popu-
lation pressure, and food shortage affecting the Carteret, Mortlock, 
Tasman and Nissan islands. In response to this, a resettlement site 
was designed and built at Kuveria in Bougainville. Carteret island-
ers first started relocating in 1984, because their population and 
resource crises were the most extreme. This scheme continued 

until 1987, when civil war broke out on Bougainville. 
However, Tulun families had already by that time begun 
to drift back to their original homeland.10 The civil war 
and loss of all services sealed their desire to return 
home. The population and land crises in the Carterets 
did not change, and as peace returned to Bougainville a 
new resettlement scheme was developed. Adaptation to 
this new site will prove just as dramatic this decade, and 
provincial government funding is much less generous 
than it was in the 1980s. Thus, the experience of the 
Carteret islanders constitutes a lengthy environmental 
crisis that began with population pressure and has been 
exacerbated by the more general erosion of the very 
small low-lying islands.11

Migration can be interpreted as a response of individ-
uals and communities to the negative impacts of climate 
change, but it takes place within the complex dynamics 
of social change, population increase, raised expecta-
tions and environmental degradation. Where survival 
is seriously compromised, as in the Carteret islands, a 
formal resettlement scheme will assist the population to 
retain its identity and culture, albeit in a transformed 
state. It is important that such group migrations are 
well supported and closely monitored, as the social 
impacts need to be clearly understood if much larger 
populations have to be relocated in the future. In the 
meantime, it is important to recognise that communi-
ties face a complex range of hazards and environmental 
and economic issues in which climate change is one of 
many factors. 

The Carteret Village at Kuveria Atolls Resettlement Scheme, Bougainville in 1987
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Pacific Island Countries (PICs) are largely dependent 
on the natural environment and natural resources for 
their socioeconomic sustenance. Agriculture, fisheries, 

tourism, mining – and forestry in some of the larger more 
elevated islands – are the main economic sectors for most 
PICs, and subsistence lifestyles dominate the activities of 
many rural communities. Both subsistence economies and 
commercial activities are dependent on the natural resources 
of the land and the sea. The transport sector is important and 
is affected directly by severe weather events and persistent 
climatic abnormalities. Reliable sea and air transport is essen-
tial to the well-being and development of the region, due to the 
vast distances between island producers and both their inter-
nal and export markets, and to bring tourists to the islands.

The poor and highly permeable soils of many islands and all island 
landscape processes are sensitive to weather and climate fluctuations. 
Effectively used, weather and climate information provided by National 
Meteorological and Hydrological Services can contribute significantly 
to the success of almost all PIC national activities, especially economic 
activities aimed at reducing poverty. Timely and accurate seasonal 
climate prediction services, in particular, can contribute substantially 
to social well-being and economic development. 

The climate of the Pacific is strongly influenced by the El Niño-
Southern Oscillation (ENSO) phenomenon, which leads to significant 
interannual variability in the frequency of many extreme weather 
types in the region, such as tropical cyclones, floods and droughts. 
ENSO can also cause significant fluctuations in sea level affecting 
island coastal zones and especially the very many coral atolls, which 
have little or no elevation. Today, climate models can simulate some 
key aspects of interannual and interdecadal variability in climate 
variables when forced by historical SSTs (sea surface temperatures). 
Management of the risks associated with seasonal and interannual 
fluctuations, and the likely even greater impacts of climate change, 
would benefit from the development of a within-country capacity to 
generate seasonal predictions, and its application to the many chal-
lenges in adapting to climate change.

Pacific Island communities are already being challenged by 
economic and demographic changes taking place throughout the 
world. Climate change too is already being observed throughout 
the region and its effects, including sea-level rise, will very likely 
influence the frequency and intensity of extremes in the region. 
The superimposition of these multiple external influences will 
have profound consequences on the region unless they are dealt 
with systematically and comprehensively through in-country 
actions reinforced by well-targeted donor support programmes.

Pacific Island Climate Prediction Project 
Acknowledging that seasonal to interannual climate 
variability has important practical, planning and policy 
implications for PICs, in 2003 the Government of Australia 
commenced the Pacific Island Climate Prediction Project 
(PI-CPP). The aim of the project, managed and imple-
mented by the Australian Bureau of Meteorology, has 
been to expand and enhance the prudent use of informa-
tion derived from SCOPIC,1 a climate prediction software 
package introduced by the project into the meteorologi-
cal services of ten PICs.2 The incorporation of objectively 
derived climate information – including predictions – 
into decision-making processes within client/stakeholder 
agencies of the participating PICs has been a major focus 
of the project. The value of climate prediction informa-
tion has been demonstrated through a number of pilot 
schemes that have involved in-country training of both 
meteorological personnel and stakeholders receiving and 
applying the information.

One such pilot scheme involved the application of 
climate forecasts for improved management of drought 
and crop production (sweet potato) in Papua New 
Guinea (PNG). Throughout the Pacific and in Pacific 
rim countries, including PNG and eastern Australia, the 
teleconnections of climate anomalies associated with 
El Niño and La Niña events are sufficiently strong and 
reliable for decision making in activities and industries 
sensitive to climate variability. Individuals, communities 
and governments can all develop and apply appropri-
ate seasonal response strategies to mitigate the harmful 
impacts, or enhance potential benefits arising from, 
periods of climate extremes. The long-term goal of this 
pilot project is to identify the underlying environmental, 
economic and social impacts of drought (and floods) on 
local agriculture and, with the aid of seasonal forecast-
ing, develop strategies that will reduce vulnerability to 
expected harmful climatic periods, or enhance produc-
tivity when climatic outcomes are expected to beneficial.

Another pilot scheme explored the relationship 
between ENSO and incidence of malaria in the 
Solomon Islands. In the Solomon Islands malaria is 
one of the leading causes of morbidity; Plasmodium 
falciparum, the most severe and life-threatening form 
of the disease, accounts for approximately 60-70 
per cent of all confirmed cases. Since the late 1990s 
reports of malaria have risen sharply in several prov-

The Impacts and Implications of Climate Change and Variability
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campaigns and in working with government agencies 
and industry groups that utilize the climate informa-
tion products. 

Building effective dialogue between Meteorological 
Services and the users of their information throughout 
the various climate sensitive sectors has been recog-
nized as critically important to the overall success of 
the project. Reaching out to the grassroots level is espe-
cially challenging, as there is also a need to link climate 
information with traditional knowledge and indicators. 

Fostering trust between provider and user can 
be encouraged in several ways; regular face to face 
contact instils a sense that the user is a valued client 
and not just one of a collective and anonymous group; 
personalized emails or phone calls are particularly 
effective as well. Trust also depends on honesty, for 
example by communicating the uncertainties and 
limitations of seasonal forecasts. Users are generally 
willing to accept climate information in spite of the 
limitations, providing it is communicated properly 
and transparently.

Importance of data
One cannot stress too highly the importance of 
measurements and data to the success of building 
indigenous capability in seasonal prediction and 
adaptive capacity to climate change. The availability 
of adequate climate data is fundamental: time-series 
of key climate variables that are relatively long (at 

inces, particularly in 2003 and 2004. Malaria is now also being 
reported at higher altitudes. This pilot project aims to determine 
whether malaria epidemics in the Solomon Islands are related 
to rainfall and other hydro-climatic variables during particular 
phases of ENSO, and then to determine whether or not such rela-
tionships can be used to develop an early warning system for 
predicting heightened risk of a malarial epidemic, and therefore 
assist in implementing targeted control strategies.

A third pilot scheme looked at sugarcane in Fiji: The sugar 
industry in Fiji is totally rain fed (which is to say totally 
unirrigated); consequently seasonal to interannual climate vari-
ability has a major impact on sugar production and hence on 
the economy of the nation. To maximize yields, it is therefore 
essential to understand how different climatic patterns affect 
sugarcane growth and sugar yields, and to develop manage-
ment options that take into account the likely climatic effects 
of an upcoming season. Fiji’s sugarcane productivity is espe-
cially vulnerable to extreme events such as droughts and tropical 
cyclones, and the need to adapt to climate change has added 
another challenge to the industry. This pilot project aims to 
devise an effective mechanism for disseminating climate infor-
mation directly to the farmers in a format that will be easily 
understood and can be applied in making decisions relating to 
planting, replanting and harvesting.

Communication and trust
The project has also conducted in-country workshops on 
improving the communication skills of meteorological person-
nel in dealing with the media, in conducting public awareness 

Climate data rescue efforts in the South Pacific started with the physical sorting and archiving of the paper-based records and storing them in acid free boxes to 

minimize further deterioration
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least 30 years), reasonably complete, reliable, and 
accessible. Unfortunately, while historical climate 
observations are mostly available, their accessibility 
has been hampered by a lack of skills and facilities 
within nearly all countries in the Pacific Region 
to adequately secure and manage the data. This 
deficiency impedes the development of effective 
information systems for managing climate variability 
and change. For both scientific and practical reasons, 
there is a compelling case for improving the capacity 
of Pacific Island Meteorological Services to preserve 
and manage their respective nation’s climatological 
data and information, and to make them more easily 
accessible. 

For these reasons the Australian Bureau of 
Meteorology, backed by funding from the Australian 
Government, has been active over recent years in 
data rescue and data management-related capacity-
building activities within the PICs. The work, which 
commenced in 2005, initiated data rescue activities 
in six countries (Solomon Islands, Kiribati, Vanuatu, 
Papua New Guinea, Fiji and Samoa). 

The aims of this project have been: to immediately 
secure data at risk of loss or damage through a combi-
nation of moist tropical air, vermin and insecure 
storage; to establish and train staff in sound records 
management processes; and to recommend further 
actions to preserve and improve access to the data. 

While preserving original records is critical it is 
only the first step in making the data available for 
practical applications. However well-stored paper 
records may be, the data remain difficult to access and 
put to good use unless they are subsequently digitized 
into a computer compatible form. In 2006 a project 
commenced (funded initially by the then Australian 
Greenhouse Office, and subsequently by the Australian 
Agency for International Development), to install 
Climate Data Management System (CDMS) software 
in Pacific Island countries, to encourage digitization 
of data from paper records, and the migration of data 
from older, outmoded computerized systems. The 
CDMS system used was ClimSoft,3 a software package 
specifically designed to accommodate the skills and 
resourcing levels of developing and least-developed 
countries. The software was installed and associated 
training conducted in ten PICs during 2006-07. 

This work initiated under PI-CPP is set to continue 
under the Pacific Climate Change Science Project, 
which is part of the Australian Government funded 
International Climate Change Adaptation Initiative. 
The new effort aims to support adaptation to climate 
change, and improve climate change monitoring 
in the climatically important Pacific Region for the 
benefit of the global community. The project will also 
contribute to the World Meteorological Organization 
initiative to extend and improve existing CDMS func-
tionality to developing and least developed countries 
in all parts of the world – notably Africa, the Pacific 
and the Caribbean.  

Early climate data were invariably recorded in paper-based formats.  In tropical regions 

such records can be subjected to harsh environmental conditions if not properly 

stored, which can lead to the deterioration of the media and possible loss of the data
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The utility of climate data can only be fully realized when the data are keyed into a 

digital database.  ClimSoft is a database ideally suited to meet the needs of small 

island developing states of the South Pacific
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Combating climate change:  
how prepared are poor fishing  
communities in South Asia? 

Yugraj Yadava, Director, Bay of Bengal Programme Inter-Governmental Organisation   

Climate change is a critical global challenge of recent 
times. Several events during the last two or three 
decades have dramatized our growing vulnerability to 

the phenomenon. Research shows that climate change may 
impact agriculture and endanger food security; trigger sea-level 
rise; accelerate the erosion of coastal zones; aggravate natural 
disasters; and quicken species extinction and the spread of 
vector-borne diseases.

Fish exemplify global biodiversity. The world’s oceans, lakes and 
rivers harbour at least 27,000 known species. Some 140 million 
metric tonnes of fish are captured or raised each year, with humans 
eating more than 75 per cent of this catch. Worldwide, marine and 
freshwater fisheries generate over USD130 billion annually, employ 
at least 200 million people, and feed billions of people who rely on 
fish as their primary source of protein. 

The global warming of seas, rivers and lakes threatens 
fish stocks, which are already under pressure from over-
fishing, pollution and habitat loss. Such a decline in fish 
catch could devastate human populations, particularly 
in poorer countries that rely on fish for protein. 

The impact of climate change on climatic and 
oceanographic parameters in the South Asian seas
The Intergovernmental Panel on Climate Change 
(IPCC) has projected that the global annual seawater 
temperature and sea level will rise by 0.8 to 2.5oC and 
8 to 25 centimetres respectively by 2050.1

In India, the sea-level rise for Cochin on the south-
west coast during the past century has been estimated 
at two centimetres.2 Future decades may see the rate of 
increase go up to five millimetres per year.  

The data set on sea surface temperature (SST), 
obtained from various sources, clearly shows sea surface 
warming along the entire Indian coast.3 During the 45 
year period from 1961 to 2005, SST has increased by 
0.2oC along the northwest, southwest and northeast 
coasts, and by 0.3oC along the southeast coast. In neigh-
bouring Sri Lanka too, the surface temperature record 
clearly indicates sea surface warming.4  

Fish, fisheries and global warming
Sea warming and sea-level rise may strongly impact 
coastal fisheries in South Asia, aggravating the poverty 
of coastal communities. Countries in the region can’t 
prevent climate change, but can adopt mitigation/
preparedness strategies.  

In relation to this, studies have been carried out 
in India, Bangladesh, Maldives and Sri Lanka –
all are members of the Bay of Bengal Programme 
Intergovernmental Organisation (BOBP-IGO) – on the 
impact of climate change on fisheries and on mitigation/
preparedness strategies to counter such impact. 

India
Marine capture fisheries are vital for food supply, food 
security and income generation in India. Some one 
million people in this sector produce three million 
tonnes of fish annually. The value of fish production 

The Impacts and Implications of Climate Change and Variability

Too many fishing boats chasing too few fish: the overcrowded fishing harbour in 

Cox’s Bazaar, Bangladesh
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cooler months – October to March, when mean SST is 
27.5oC to 28oC.7 

False trevally, Lactarius lactarius, is an economically 
and culturally important fish in India. It ranks as one 
of the most preferred, high-quality fish in the Gulf of 
Mannar region. Higher water temperatures and lower 
rainfall because of global warming, however, have led 
to a drastic decline in the numbers of this fish over the 
last few years.

In the Indian seas, coral reefs are found in the Gulf 
of Mannar, Gulf of Kutch, Palk Bay, Andaman Sea and 
Lakshadweep Sea. Indian coral reefs have experienced 
29 bleaching events since 1989. Intense bleaching 
occurred in 1998 and 2002 when SST was higher than 
the usual summer maxima. 

Given the warning that reefs will not be able to sustain 
catastrophic events more than three times a decade, 
reef-building corals are likely to disappear as dominant 
organisms on coral reefs between 2020 and 2040. Reefs 
are likely to become remnants between 2030 and 2040 
in the Lakshadweep Sea and between 2050 and 2060 in 
other regions in the Indian seas.8

On 30 June 2008, India released its first National 
Action Plan on Climate Change outlining current 
and future policies on climate mitigation and adapta-
tion. The plan identifies eight core ‘national missions’ 
running through 2017. The plan identifies measures 
that promote development objectives and reap the 
benefits of combating climate change.   

Bangladesh
For Bangladesh, climate change may cause even more 
of the floods, cyclones, storm surges and droughts 
that have devastated it in the past. In September 2008, 
the government developed the Bangladesh Climate 
Change Strategy and Action Plan (BCCSAP), a ten-year 
programme to build the capacity and resilience of the 
country to meet the challenge of climate change over 
the next 20 to 25 years. 

BCCSAP claims that climate change will damage fresh-
water and marine fisheries in many ways – the spawning 
of freshwater species will be impaired; water tempera-
tures in ponds and inland fisheries will go up; the ingress 
of saline water inland further south will affect the aquatic 
ecosystem and hit fish production; and turbulent weather 
will impact on fishing livelihoods. It is critical, therefore, 
that all potential impacts are identified and measures are 
put in place to conduct the research and development of 
management strategies. 

Maldives
The Maldives is also particularly vulnerable to climate 
change and the many scientific and technical assess-
ments of the region, which have taken place since 
1987, have stressed the need for long-term adaptation 
to climate change. 

Fishing is at the heart of the Maldivian economy. 
More than 20 per cent of the population depends on it. 
It is a dominant employer with more than 15,000 fisher-

from a fleet of 59,000 mechanized craft, 76,000 motorized craft 
and 105,000 non-motorized craft is about USD2.8 billion. Recent 
scientific studies described below show that some commercially 
viable maritime fish species in India are adapting to climate 
change. 

Small pelagics, especially the oil sardine, were at one time 
confined to the Malabar upwelling zone along the southwest coast 
of India, the area between latitude 8oN and 14oN and longitude 75oE 
and 77oE, where the annual average SST ranges from 27 to 29oC. 
Until 1985, almost the entire catch was from this area. In the last 
two decades, however, the catches from latitude 14oN to 20oN are 
increasing, indicating a positive correlation between the oil sardine 
catch and SST.5 Catches from this area contribute to about 15 per 
cent of India’s entire oil sardine catch during 2006. 

The Indian mackerel, Rastrelliger kanagurta, is also showing signs 
of changing its habits. During the last two decades this species, 
which normally occupies surface and sub-surface waters, has not 
only moved north but has descended into deeper waters.6 During 
1985 to 1989, only two per cent of mackerel catch was from bottom 
trawlers, pelagic gear such as drift gillnet accounted for the rest 
of the catch. But from 2003 to 2007, bottom trawlers captured an 
estimated 15 per cent of the mackerel catch.

The threadfin breams Nemipterus japonicus and N mesoprion are 
distributed along the entire Indian coast at depths ranging from 10 
to 100 metres. Data on the number of female spawners collected 
every month off Chennai on the southeast coast of India from 1981 
to 2004 indicate wide monthly fluctuations. The spawning season 
used to occur in the warmer months from April to September, when 
mean SST ranges from 29.0oC to 29.5oC. It now occurs in relatively 

Over-exploited coastal resources and the adverse impacts of global warming are 

making life difficult for traditional fishers in Tamil Nadu, India
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men, and contributes to 7 per cent of the country’s gross domestic 
product output. In addition, fish is the primary source of protein for 
the population – tuna is served daily at every meal.8 

Climate change has the potential to devastate the fishing industry. 
Tuna is very sensitive to biophysical conditions of the pelagic envi-
ronment, particularly changes in SST, and pole-and-line tuna fishery 
is highly dependent on live bait, making it particularly vulnerable 
to climate change. In addition, the Marine Research Centre in Malé, 
Maldives, has determined that rising temperature is a key factor in 
the health and growth of coral reefs. 

In 2006, the Maldives adopted the National Adaptation Programme 
of Action (NAPA). Its goal is to enhance the resilience of natural, 
human, and social systems and their sustainability in the face of 
predicted climate hazards. NAPA strives for synergy with Vision 
2020, the Seventh National Development Plan and the Millennium 
Development Goals. 

Sri Lanka
The coastline of Sri Lanka measures approximately 1,760 kilome-
tres, the third longest in South Asia. Some 4.6 million people (about 
one quarter of the population) live along the coast. The coastline is 
geographically very diverse, with more than 1,337 fishing villages 
and 131,000 households.  

A study by the National Aquatic Resources Research and 
Development Agency discusses the impact of climate change on 
coastal resources. It says that the most sensitive habitats in the 
country suffer different degrees of degradation owing to a combina-
tion of human activity and climatic change. It recommends a slew 

of projects to battle climate change including: culture 
of seaweed; oyster farming; crab fattening; artificial 
production of marine ornamental fish; value addition 
to agriculture and fisheries products; and use of fish 
aggregating devices.  

Going forward 
A general understanding of the impact of temperature 
rise on fish populations is limited at present because 
of a lack of long-term research. However, with coastal 
fishery resources already under pressure because of 
overfishing, the possible impact of climate change is a 
serious worry. 

BOBP-IGO has already initiated some sensitization 
activities in member-countries with an aim to collect 
and compile scientific information and share it within 
the regional and global community. Capacity building 
programmes are also being taken up to create a cadre 
of fishery personnel that are aware of the impacts of 
climate change and are capable of communicating 
related issues to all stakeholders, including of course 
the fishers.  

Since the fishery sector alone can’t prevent climate 
change, BOBP-IGO will strive to study precautionary 
measures undertaken elsewhere and adapt them to the 
region. The result will be a regional status document on 
the impact of climate change on fisheries and a regional 
action plan for South Asia. 

Skipjack tuna forms the mainstay of fisheries in Maldives. Global warming will have 

adverse impact on pelagic species such as tuna

Declining fish resources are making life difficult for fishermen in 

Bangladesh – Chittagong Fishing Harbour, Bangladesh
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Sustaining fish supplies for  
food security in a changing climate 

Edward H. Allison, The WorldFish Center, Penang, Malaysia; Manuel Barange, Plymouth Marine Laboratory, UK;  
Nicholas K. Dulvy, Simon Fraser University, Department of Biological Sciences, Canada

When we think of food security, we tend to think of 
subsistence agriculture. Can a smallholder farming 
family grow enough maize, rice, millet or wheat to 

feed itself? Of course, food security is more complicated and 
in a market economy even smallholder farmers in remote areas 
buy some of their food by selling their surplus crops. Being food 
secure also means more than just ingesting enough calories. 
Nutritional balance and food quality are also important to chil-
dren’s development and to healthy adulthood. 

Health advice in developed countries is to eat more fish and less red 
meat. Fish is even more important to the food security of citizens of 
developing countries, both as a source of income and as a component 
of healthy diets. Currently, one-third of the world’s six billion people 
rely on fish and other aquatic products for at least one-fifth of their 
annual protein intake. In addition, catches by subsistence and arti-
sanal fisheries make up more than half of the essential protein and 
mineral intake for over 400 million people in the poorest countries 
in Africa and south Asia.1 Fisheries and aquaculture directly employ 
over 36 million people worldwide, 98 per cent of them in developing 
countries. Overall, there are approximately 520 million people whose 
lives depend on sustaining fisheries and aquaculture. The sector also 
supports global trade worth over USD78 billion in 2008.2

Sustaining these benefits is a critical challenge, as over half the 
fish we eat is still caught in the wild. The other half comes from 
fish farming, or aquaculture. A large proportion of wild-caught fish 
not directly eaten is turned into fish oil and meal, which goes into 
feeding farmed fish and livestock. These supplies, as of 2006 total-
ling 92 million tonnes from capture fisheries and 52 million tonnes 
from aquaculture, are threatened by overfishing, pollution and now, 
by climate change.3

The potential impacts of climate change on fishing  
communities and fish supplies
Climate change is accelerating and is already affecting marine ecosys-
tems and services. Both models and observations indicate that the 
world’s oceans are warming and patterns in atmospheric variability 
are changing – resulting in changes in currents, sea ice distribu-
tion and light supply to the surface ocean. Biological responses to 
these changes are visible, but variable. Some waters may become 
more productive, while others will fail to sustain fisheries at histori-
cal levels.4 Always unpredictable, fishing may increasingly become 
a lottery as migration routes and spawning and feeding grounds 
change from those that fishers have learnt to harvest. More certain 
are the impacts of rising sea temperatures on ‘bleaching’ of coral 

reefs – a phenomenon which results in coral death, 
erosion of reefs and reduction of their capacity to 
support fish populations, as well as damaging one of 
our natural defences against storm waves.5  

Climate change also directly impacts on fishing 
and the lives of fisherfolk. Predictions for increased 
frequency and severity of extreme climate events – 
storms, floods, droughts – coupled with rising sea levels 
and melting glaciers at the headwaters of major rivers, 
will leave fishing communities, along both rivers and 
coasts, increasingly vulnerable to disasters that damage 
infrastructure and threaten human lives and health.6

Climate change may thus profoundly affect fisheries 
and aquaculture and their contribution to local liveli-
hoods, national economies and global trade-flows. The 
future consequences for global fish supplies are uncertain 
and subject to ongoing analysis. But what is certain is 
that there will be winners and losers, and that the losers 
will be those who don’t have much already. Every major 
report on climate change published recently indicates 
that the poorest people, living in climate change sensitive 
areas such as floodplains and low-lying coastal areas, will 
be the most adversely affected and least able to adapt.7

This observation pertains to the fishery sector too. 
In a recent analysis it was demonstrated that African 
and southeast Asian countries are the most economi-
cally vulnerable to climate change impacts on fisheries 
and aquaculture sectors.8 This arises from a relatively 
high reliance on fisheries combined with low levels of 
societal capacity to adapt to anticipated temperature 
increases. Of the 33 nations identified as being most 
vulnerable, 19 are among the world’s least developed 
countries, whose inhabitants are twice as reliant on 
fisheries for food as those of more developed nations. 
Not only are the most vulnerable countries highly 
dependent on fish for protein, they also rely on fishery 
products as a source of income, producing around 20 
per cent of the total tonnage of global exports, worth 
about USD6.2 billion.

African and southeast Asian nations face the double 
jeopardy of high vulnerability to climate effects on both 
their fisheries and agriculture sectors. By 2050, global 
yield of rain-fed maize is forecast to decline by 17 per cent 
and irrigated rice by a fifth as a result of climate change, 
with sub-Saharan Africa and south Asia the worst hit.9 

The Impacts and Implications of Climate Change and Variability
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and the subsequent additional risks and vulnerabilities to 
human societies.11 The project, led by Manuel Barange, 
is anchored on outputs from global climate models and 
coupled physical/biological ecosystem dynamic models 
to predict ecosystem functioning in pre-industrial 
(1850), present (2005), near future (2050) and distant 
future (2100) scenarios. For each time period, the project 
is estimating plankton production in 20 large marine 
ecosystem units around the world. 

Primary production will be linked to fi sh produc-
tion with models based on macro-ecological theory, 
thus bypassing much of the species-based complex-
ity of marine food webs to express fi sh production by 
groups of fi sh of different body size. These estimates 
are used in the context of scenario building exercises 
conducted with fi sheries and development specialists 
– including fi sherfolk themselves, who are the real 
experts. Scenario exercises are used to assess vulner-
ability of fi sheries to future climate change, in the 
context of other drivers. Specifi cally, the consequences 
of climate change impacts on the markets for major 
fi sh-based global commodities, such as fi shmeal and oil. 
The results should provide a new framework to study 
fl uctuations in natural resources subject to climate and 

Three countries in particular have both the highest national vulner-
ability to climate impacts on fi sheries and ‘extremely alarming’ global 
hunger indices: Sierra Leone, Niger and the Democratic Republic of 
the Congo.10 These nations deserve the greatest support for adapta-
tion and development to face these challenges.

Strengthening science to inform adaptation needs and 
mitigation options
The quantifi cation of direct climate impacts on fi sh resources at 
the global scale, and the resulting economic risks and societal 
vulnerabilities, is hampered by a variety of factors: diffi culties of 
downscaling Global Climate Models to the scales of biological 
relevance; lack of global ecosystem models capable of capturing 
biological processes at the right scale and resolution; uncertainties 
over future global aquatic net primary production and the transfer 
of this production through the food chain; diffi culties in separating 
the multiple additional stressors affecting fi sh production, includ-
ing differential geographical and temporal exploitation patterns and 
policies; and, inadequate methodology to estimate human vulner-
abilities to these changes at all scales. 

Quest-Fish, a research consortium between leading UK and inter-
national institutions, is addressing some of these challenges through 
an innovative multi-scale, multi-disciplinary approach focused on 
estimating the added impacts that climate change is likely to cause, 

Unequal vulnerability

The vulnerability of national economies to potential climate change impacts on fi sheries was calculated on the basis of exposure, sensitivity and adaptive 

capacity, assuming slowly increasing global emissions (scenario B2 of the IPCC). Colours represent quartiles, with dark brown for the upper quartile (highest 

vulnerability), yellow for the lowest quartile and grey where no data were available

Source: Originally published in ‘Vulnerability of national economies to potential impacts of climate change on fi sheries’, Fish & Fisheries
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market impacts, providing new insight into the complex interactions 
between humans and nature. 

Putting knowledge into policy and practice
Although better predictions of the magnitude and distribution of 
climate change impacts are urgently needed, we cannot wait for 
better knowledge before taking action. There are three key areas 
where adaptation actions could potentially be taken.12

It is important that existing efforts to manage fisheries are 
improved. Currently, a quarter of the world’s fisheries are either 
over exploited or recovering, while half are at their limits of produc-
tivity. Fisheries tend to target abundant species that dominate the 
ecosystem in which they live. A fish stock which is depleted is more 
susceptible to any negative impacts of climate change on that ecosys-
tem, and the combined effects of climate change and fishing pressure 
may lead to collapse, causing the ecosystem to ‘flip’ into a differ-
ent state. Some scientists argue that this is what happened to the 
Newfoundland cod fishery, which collapsed in the early 1990s and 
has not recovered despite a moratorium on fishing.13

There is a need for adaptation approaches that involve managing an 
integrated portfolio of natural resource sectors such as water, forestry, 
farming, aquaculture and capture fisheries. Fisheries are affected by 
adaptation initiatives in some of these sectors – for example building 
dams for water storage will affect downstream fisheries. Also, many 
fisherfolk in developing economies have diverse livelihood strategies, 
combining fishing with other occupations to maintain income and 
food security when fisheries are adversely affected by weather and 
climate. One novel cross-sectoral scheme in the Solomon Islands is 
assessing the potential for carbon sequestration by mangrove forests 

– ecosystems threatened by unsustainable aquaculture 
– which could then be eligible as a source of carbon 
credits under the United Nations’ (UN) programme 
Reducing Emissions from Degradation and Deforestation. 
Researchers are examining how this approach might be 
used to promote conservation, mitigate climate change 
and help alleviate poverty among people dependent on 
the mangroves and adjacent marine ecosystems.

Finally, thought should be given to mainstream-
ing fisheries in wider development processes. Climate 
change is not the only stress facing fishing communi-
ties. Many are poorly served by infrastructure, markets 
and social services, and are thus economically, socially 
and politically marginalized. Building adaptive capac-
ity to address these multiple stressors will require 
cross-sectoral approaches implemented through newly 
decentralized governance. The world’s least developed 
countries are among those eligible for UN funding to 
engage in long-term planning through the National 
Adaptation Programmes of Action. In countries where 
fisheries are important, sector-specific needs should be 
planned and budgeted for in this process. Of course, 
governments and international finance institutions need 
to then deliver on their promises to fund adaptation – 
something they have, so far, substantially failed to do.

Collaboration for climate change adaptation
The scale and importance of impacts on fisheries are 
beyond the capabilities of any one organization or 

Fish – both marine and freshwater – are an essential part of a healthy diet for millions of people in developing countries
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of the Parties of the UN Framework Convention on 
Climate Change (UNFCCC). One such collabora-
tive effort is that of the UN Food and Agriculture 
Organization, the World Bank’s Profish programme 
– an initiative to tackle unsustainable fishing prac-
tices – and international non-profit research group the 
WorldFish Center in Penang, Malaysia. These organiza-
tions aim to share the task of achieving representation 
for the sector in high-level climate policy dialogues 
by joining forces with other agencies such as the UN 
Environment Programme, regional intergovernmen-
tal organizations such as the Secretariat of the Pacific 
Community, and representatives of fisherfolk organiza-
tions worldwide.14 

Such alliances can be used to highlight vulnerability, 
adaptation needs and mitigation opportunities. Together 
with the Global Forum on Oceans, Coasts and Islands 
and supporting the Indonesian Government’s leadership 
in promoting an Oceans Agenda in the UNFCCC process, 
this partnership has helped to ensure that fishery issues are 
represented in the draft negotiating text for UNFCCC.15 
These high-level efforts must be complemented by action 
where it matters to people currently dependent on fisher-
ies and aquaculture – at the level of national sectors and 
communities. Our work – which draws on climate science 
and predictions, policy scenarios, and understanding of 
the dynamics of change at local level – aims to ensure 
that the contribution of fisheries to food security receives 
recognition and support in these times of climate change.

group to address. Responding to the threat requires coordinated 
action, both at the community scale, and in representing the sector 
at the global level. The last year has seen the emergence of networks 
that are aiming to do just this – and to bring justice in climate 
change adaption to fisherfolk.

Much activity has focused on getting the needs of the sector recog-
nized in the current round of talks leading up to the 15th Committee 

The future of fish is in the hands of government negotiators in the UNFCCC process.  Failure to keep CO2 emissions below 450 ppm is likely to signal the end of 

reef-dependent fish species and fisheries

Im
ag

e:
 E

.A
lli

so
n 

Sea-level rise and increased frequency and severity of floods and storms 

will make some low-lying coastal areas uninhabitable
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and forced migration 

Andreas Rechkemmer, Special Advisor, Executive Direction and Management, 
United Nations Convention to Combat Desertification

Growing evidence on the linkages between climate 
change, land degradation, the reduction of drylands, 
ecosystem services, poverty, and migratory move-

ments has raised the awareness of scholars and policy makers 
alike. These linkages were traditionally understood as the 
interplay between physical patterns of change and human 
activities. Recent research efforts, however, have shown that 
both climate change and desertification must be understood 
as social phenomena largely driven by human activities. Hence 
migration triggered by climate change and land degradation 
can be perceived as socially constructed phenomena in an age 
of global change.

Environmentally triggered migration and  
environmental refugees
When the Convention Relating to the Status of Refugees was 
adopted in Geneva in 1951, environmental degradation and 
natural hazards were not considered by the negotiators when they 
defined refugees as people suffering the ‘well-founded fear of being 
persecuted for reasons of race, religion, nationality, membership 
of a particular social group or political opinion’.1 In 1972, with 
the Stockholm Conference on the Environment, world opinion 
turned to global environmental issues and led to the establishment 
of the United Nations Environment Programme (UNEP) in 1973. 
However, the problem of worsening environmental degradation 
leading to environmentally triggered migration remained unno-
ticed until the 1980s when El-Hinnawi2 formulated the concept of 
environmental refugees.3

Environmental refugees are a dramatically growing group, mostly 
migrating from rural areas to cities. They are not yet officially 
mentioned in United Nations High Commissioner for Refugees 
statistics, as they do not fulfil the criteria of the Geneva Convention. 
They are not mentioned in the statistics of the UN Populations 
Division4 or in the annual US World Refugee Survey.5 As they are 
not officially counted, only approximate estimates exist. And yet, 
they may have surpassed all other types of refugees in numbers, and 
could become the largest group of migrants this century, particularly 
due to rapid global climate change.

There have always been people migrating due to natural and 
environmental changes, hazards or disasters, and several civili-
zations – such as the Maya – collapsed due to environmental 
change. Since then, the degradation of natural resources has 
dramatically increased. In the late 1980s the ecological footprint 
of humankind finally exceeded Earth’s capacity, marking the first 
time in history when humankind managed its ecosphere in an 

unsustainable way – not only locally or regionally, 
but globally.6 During recent decades, increasing scar-
city and overexploitation of natural resources, such 
as soil and freshwater, has become a severe problem 
due to an unprecedented rate of expansion. These 
circumstances have evoked a new type of migratory 
movement of people – the environmentally induced 
migration. The causes of this migration are mostly 
anthropogenic: transformations such as degradation 
of soil or vegetation, fresh water and fresh air, and 
global climate change. 

The most severe of all environmental push factors 
is global climate change. Norman Myers7 argues that: 
“when global warming takes hold there could be as 
many as 200 million people displaced by disruptions 
of monsoon systems and other rainfall regimes, by 
droughts of unprecedented severity and duration, and 
by sea-level rise and coastal flooding”. This projec-
tion refers to the year 2050, and means that based on 
an estimated world population of nine billion, one 
in every 45 people will become a forced migrant due 
to climate change and its epiphenomena. Oli Brown8 
says: “We know that climate change will redraw our 
coastlines, alter where and when we can find water, 
and expose us to fiercer storms or more severe 
droughts. We know that on current predictions the 
‘carrying capacity’ of large parts of the world – the 
ability of different ecosystems to provide food, water 
and shelter for human populations – will be compro-
mised by climate change”.

The case of land degradation and desertification
As far as land degradation and desertification are 
concerned, there are four groups of countries with 
different causes but comparable results: 
• �Heterogeneous developing countries with their 

fast overexploitation of land because of growing 
populations, high vulnerability to climate change-
induced droughts, floods and precipitation changes, 
worsening ecosystem services and international 
trade patterns without real chances for coping 
mechanisms 

• �Industrializing countries in Asia and South America 
with their strong extension of food production and 
population growth, foremost in urban areas 

The Impacts and Implications of Climate Change and Variability
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putting together ecological and human dimensions 
of desertification, and offering an important answer 
to the question on how desertification leads to 
migration: through poverty. Already, dryland popu-
lations are being left behind by the rest of the world, 
given the fact that they rank very low in terms of 
human well-being and relevant development indi-
cators.17 

The effects of poverty are also considered by 
Reuveny18 who developed a new theory, arguing that 
people are able to adapt to environmental changes in 
only two ways: they can resist the changes, or leave the 
affected area. Which option they choose depends on the 
severity of environmental degradation and on the soci-
ety’s technical capabilities. In extreme situations, land 
degradation can remove the economic foundation of a 
community or society. Experience from recent decades 
can be interpreted as showing that land degradation and 
desertifi cation have been a major driving force behind 
the displacement of people. 

Myers19 quotes a figure of at least ten million 
people who have become environmental refugees in 
semi-arid lands with a far greater number expected 
to come, as one billion people are at risk, and their 
population growth rate is as high as three per cent 
per year. Desertifi cation reduces the land’s resilience 
to climatic variations and thus undermines food 
production, contributes to famine and affects local 
socioeconomic conditions. It thereby triggers a vicious 
circle of poverty, ecological degradation, migration 
and confl ict. Desertifi cation-induced migration and 
urbanization may worsen living conditions in desti-
nation countries by overcrowding, unemployment, 
environmental pollution and overstressing of natural 
and infrastructural resources. It could also cause social 
tension and confl icts, as well as increase problems 
such as crime and prostitution. 

Considering incomes and human well-being, the 
‘worst situations can be found in the drylands of Asia 
and Africa; these regions lag well behind drylands in 
the rest of the world’.20 The situation regarding the 
present and prospective availability of key ecosystem 
services appears to be similar, ‘the greatest vulner-
ability is ascribed to sub-Saharan and Central Asian 
drylands’. 

The synchronous appearance of confl ict, migration 
and desertifi cation does not happen by chance. Their 
links are clearly visible. ‘Confl icts and environmental 
degradation further aggravated the pressure for migra-
tion from poorer to relatively prosperous regions, 
within and outside the West African sub-region. In 
the Sahel, in particular, desertifi cation and cyclical 
famines have triggered waves of environmentally-
displaced persons across national frontiers within the 
sub-region’.21 These environmental events are expected 
to appear more often and more severely with ongoing 
and exacerbated global warming,22 especially when 
sustainable agriculture practices are not being quickly 
and resolutely implemented. 

•  Fuel exporting countries with their own kind of overexploitation 
and desertifi cation phenomena 

•  Eastern European countries with their chemically and 
agriculturally induced land degradation. 

They all have to face similar results of loss of ground, desertifi ca-
tion and its impacts. The tropics suffer most from these events. 
The Living Planet Index of tropical grasslands, savannahs and 
deserts dropped by 80 per cent since 1970, while temperate areas 
remained quite stable. The sharp drop does not equate to a total 
loss of existing species, but a loss of 80 per cent of the former 
existing individual animals, which is the highest number of all 
observed ecosystems.9

In the early 21st century, ‘drylands occupy 41 per cent of the Earth’s 
land areas and are home to more than two billion people. Some 10-20 
per cent of drylands are already degraded. About 1-6 per cent of the 
dryland people live in desertifi ed areas, while a much larger number 
is under threat from further desertifi cation’.10 Another synthesis of the 
state of Earth’s deserts was published by UNEP.11

Traditional approaches to assessing and combating land degra-
dation distinguished between ‘the meteorological and ecological 
dimensions of desertifi cation (the biophysical factors) and the 
human dimensions of desertifi cation (the socioeconomic factors). 
Previous failures to recognize and include the interdependencies of 
these dimensions in decision-making have slowed progress toward 
the synthetic approaches needed to tackle the enormous problem 
of dryland degradation’.12 

In the past this has hindered the scientifi c community in its 
approach to present a comprehensive understanding of the ‘causes 
and progression of desertifi cation’.13 Therefore, ‘synthesis of dryland 
degradation studies continues to be plagued by defi nitional and 
conceptual disagreements, and by major gaps in global coverage’.14 
Even the Millennium Ecosystem Assessment (MA) with its broad 
research agenda had to acknowledge wide gaps in the scientifi c 
understanding of desertifi cation processes, as well as their underly-
ing causal factors.15

Nevertheless, with the concept of ‘ecosystem services’,16 the 
MA used an important and widely underestimated link between 
environmental degradation and human well-being, partially 

Living Planet Index  

Source: WWF (4: 2004)
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Coping strategies
The United Nations University (UNU) estimates that in 2010 there 
will be up to 50 million environmental refugees. Therefore, former 
UN Under-Secretary-General and UNU Rector Hans van Ginkel 
has called for the recognition of environmental refugees within 
international frameworks, while realizing that limited resources 
already restrain the relevant global organizations’ capabilities 
to deal with conventional refugees.23 This is also refl ected in a 
proposal by the German Advisory Council on Global Change for 
managing migration through cooperation and further developing 
international law.24

In relation to dryland development there are two partially 
competing, scientific approaches – the ‘desertification para-
digm’ and the ‘counter-paradigm’.25 The older, indeed fatal, 
desertification paradigm states that drylands are basically stable 
ecosystems which collapse when human influence exceeds 
certain levels, and, most important, that few, if any, measures 
exist to prevent this downward spiral. In the more recent and 
scientifically supported counter-paradigm, this is only one of 
two possible outcomes. It first states that deserts are by them-
selves unstable and therefore highly vulnerable areas. This does 
not neglect human influence in land degradation – and its 
sometimes disastrous outcomes – but puts it into the broader 
picture of natural droughts and anomalies, which are still far 
from being fully understood. 

Following this counter-paradigm, it is also possible, 
but dependent on social developments and political 
decisions, to mitigate climate induced land degrada-
tion by using sustainable farming practices or integrated 
water system management. Indeed, research has been 
undertaken since 2001 in a series of international work-
shops on: the role of freshwater resources and other 
possible rehabilitation of drylands; sustainable manage-
ment of marginal drylands; and on prevention of land 
degradation through traditional knowledge and modern 
technology.26

Climate change and desertifi cation, with all the 
underlying factors and manifold consequences, will 
not be defeated easily. There are, though, ways to 
respond, mitigate and adapt effectively. In addition, 
we no longer lack the ability to end poverty, one of 
the main human drivers as well as impacts of deser-
tifi cation.27 But we seem to lack the political will 
to combat it effectively. It is certain that we do still 
lack scientifi c understanding of soils, their degrada-
tion and the human dimensions of desertifi cation. 
Therefore, we should prepare for growing numbers of 
environmental refugees, both nationally and globally, 
to prevent further political destabilization in devel-
oping countries.28

Schematic description of development pathways in drylands

Source: Millennium Ecosystem Assessment (2005)
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Assessment of climate change 
and adaptation in India 
Ajit Tyagi, India Meteorological Department, New Delhi; 

and B. N. Goswami, Indian Institute of Tropical Meteorology, Pune

The vulnerability of society to rising temperatures, chang-
ing precipitation patterns and increasing climatic extremes 
has become one of the most discussed issues in the global 

economic, social, scientific and political fora. Global and regional 
models have been used to produce climate change scenarios focus-
ing on the frequency and intensity of extreme events such as heat 
waves, cold spells, severe thunderstorms, tropical cyclones, storm 
surges, severe storms and drought. Extensive observational data 
from the past is required for any such assessment. It is widely 
acknowledged that better forecasting capability is central to an 
effective adaptation strategy, particularly in the Indian context 
where livelihoods are strongly tied to the physical environment. 
Therefore, India has taken steps to develop capabilities in regional 
climate modelling and impact assessment, as well as to evolve 
sector-specific impact minimization and adoption strategies. 

Status of climate change in India
India has maintained a well disributed network of about 200 mete-
orological observatories across the country for  more than a century 
and about 500 observatories since 1947. Findings derived from the 
data, and its subsequent analysis, have helped in climate monitoring 
and climate change studies.

Mean annual surface air temperature over India rose by 0.52°C 
during 1901-2008 and has been above normal since 1990 over a 
base period of 1961-1990. This warming is primarily due to a rise 
in maximum temperature across the country. However, since 1990 
the minimum temperature has steadily risen at a slightly higher rate 
than the maximum value.1

Upper air temperatures have increased in the lower troposphere, 
with the trend significant at 850 hectopascals, while a small decreas-
ing trend was observed in the upper troposphere.2 The spatial 
pattern of trends in the mean annual temperature shows significant 
positive (increasing) trends over most of the country, except over 
parts of Rajasthan, Gujarat and Bihar, where significant negative 
(decreasing) trends were observed.

During the last century the Indian summer monsoon season rainfall 
(June to September) has shown no significant trend. However, three 
subdivisions – Jharkhand, Chattisgarh and Kerala – have shown 
a significant decreasing trend, while eight subdivisions – Gangetic 
West Bengal, West Uttar Pradesh, Jammu and Kashmir, Konkan and 
Goa, Madhya Maharashtra, Rayalaseema, Coastal Andhra Pradesh and 
North Interior Karnataka – have shown a significant increasing trend 
during the same period.3 

A significant increasing trend has been observed in the frequency 
of heavy rainfall events over the west coast.4 Many extreme rain-

fall indices have shown significant positive trends over 
the west coast and north western parts of the Indian 
Peninsula with the exception of Mahabaleshwar, which 
shows a decreasing trend in some of the extreme rainfall 
indices.5

Long-term linear results from the frequency of tropi-
cal cyclones over the north Indian Ocean, the Bay of 
Bengal and the Arabian Sea for different seasons and 
years, generally show a significant decreasing trend.6 In 
addition, a sharp decrease in the frequency of cyclones 
during the monsoon season was observed.7 However, an 
increasing trend in the frequency of tropical cyclones 
over the Bay of Bengal in the months of May and 
November was also observed.

Prediction of climate over India
South Asian summer monsoon (SASM) rainfall and 
its potential for change were evaluated under the 
World Climate Research Program Coupled Model 
Inter-comparison Project data set. The response of 
SASM rainfall to a transient increase in anthropogenic 
radiative forcing was investigated for two time-slices 
– 2031-2050 and 2081-2100 – in the non-mitigated 
Special Report on Emission Scenarios B1, A1B and 
A2. Only 10 out of 25 models are able to simulate the 
annual cycle and the space-time characteristics of SASM 
precipitation reasonably well. 

Almost all models show an increase in precipita-
tion and weakening of monsoon circulation for future 
projections.8 A substantial increase in precipitation 
was observed over the western equatorial Indian Ocean 
and southern parts of India when using ten selected 
models.9 However, the monsoon circulation weakens 
under all the three climate change experiments. While 
global atmosphere-ocean coupled models can provide 
a good representation of the planetary-scale features, 
their application to regional studies is limited by their 
coarse resolution (around 300 kilometres).

The regional climate modelling system Providing 
Regional Climates for Impacts Studies (PRECIS), devel-
oped by the Hadley Centre for Climate Prediction and 
Research, has been applied in India to develop high 
resolution climate change scenarios. The model has a 
resolution of approximately 50 kilometres and is forced 
at its lateral boundaries by a high resolution (around 
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cumulative rainfall forecast using the multi-model 
ensemble technique. Extended-range weather forecasts 
and seasonal climate forecasts are also being investi-
gated for inclusion in the advisory bulletins.

Acting together, IMD and regional Meteorological 
Centres add value to the above range of services by 
providing a twice-weekly advisory bulletin to 130 
AMFUs. This bulletin is called the Agromet Advisory 
Service and provides specifi c advice on crops, as well 
as livestock. The bulletin is usually disseminated to the 
farmers through channels including the mass media and 
the internet. A mechanism has also been developed to 
obtain feedback from the farmers on the quality and 
relevance of the forecast content, as well as the effec-
tiveness of the dissemination system.

Via the Agromet Advisory Service, the scientific 
community develops different adaptation strategies 
suitable for different agroclimatic regions of the country 
to counter the negative effects of climate change and 
extreme weather events. These adaptation strategies 
include educating farmers about weather forecasts, 

150 kilometres) atmosphere-only general circulation model called 
HadAM3H. This model is in turn forced by the sea surface tempera-
tures generated by a coupled atmosphere-ocean General Circulation 
Model called HadCM3. 

PRECIS estimates a 20 per cent rise in all Indian summer monsoon 
rainfall for future scenarios. Simulation for 2071-2100 indicates an 
overall warming of the Indian subcontinent associated with increas-
ing greenhouse gas (GHG) concentrations. The predicted annual 
mean surface air temperature rise by the end of the century is 3 to 
5ºC under the A2 scenario, and 2.5 to 4ºC under the B2 scenario. 
It is predicted that the warming will be more pronounced over the 
northern parts of India.10

Climate change adaptation strategies for agriculture 
IMD established the Agrometeorological Advisory Service to help 
Indian farmers mitigate the impacts of climate variability and 
extreme weather events through agricultural planning and manage-
ment in rhythm with nature. The service provides district level 
weather forecasts of up to fi ve days for seven weather parameters: 
rainfall, maximum and minimum temperature, wind speed and 
direction, relative humidity and cloudiness. It also provides a weekly 

India’s annual mean temperature anomalies for the period 1901-2008 (based on 1961-1990 average) 

Source: India Meteorological Department
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current climate risks and soil and moisture conservation, as well 
as helping to develop traditional water resources in the village. The 
service also helps in the development of pasture land and other 
capacity building programmes related to mitigation. All this is done 
in partnership with the district authorities and non-governmental 
organizations through a participatory programme including both 
villagers and farmers.

Indian initiatives focus particularly on development-oriented 
drought mitigation and water management, as well as animal 
husbandry programmes. It is also concerned with strengthening 
research for enhancing adaptive capacity and mitigation potential. 
In addition, it promotes the government-run Agriculture Insurance 
Company, which protects farmers from the vagaries of the weather.

Societal response 
The most effective way to address climate change is to 
adopt a sustainable development pathway. This can 
be achieved by shifting to environmentally sustain-
able technologies and by promoting concepts such as 
energy efficiency, renewable energy, forest conserva-
tion, reforestation and water conservation. The main 
issue for developing countries is reducing the vulner-
ability of their natural and socioeconomic systems to 
the projected effects of climate change. 

India is already expending over two per cent of its 
GDP on programmes that address climate adapta-
tion. The Government of India has made many policy 
decisions aimed at reducing risks and enhancing the 
adaptive capacity of the most vulnerable sectors and 
groups in the country. The ultimate target of such 
efforts is to secure livelihoods and alleviate poverty. 
Adaptation schemes currently in progress include: 6 on 
disaster management; 19 on health improvement and 
prevention of disease; 22 on crop improvement and 
research; 19 on drought proofing and flood control; 6 
on risk financing; 12 on forest conservation; and 30 on 
poverty alleviation and livelihood preservation. 

Specific programmes fall under all sectors and include: 
the National Rural Employment Guarantee Act; the 
National Agricultural Insurance Scheme; formulation of 
the coastal regulation zones; and the Participatory Forest 
Management Programme.

Adaptation and mitigation mechanism
The Government of India is in the process of setting 
up a National Action Plan on Climate Change, which 
contains eight aims focused on energy efficiency. The 
Action Plan is a response to India’s current vulnerability 
to climate change, and represents its strong commitment 
to sustainable development though energy efficiency 
and the conservation of natural resources. Two factors 
form the basis of this promise: India’s heritage of an 
environmentally-friendly culture and recognition of its 
international responsibility as a developing country. 
These actions will enable India to engage constructively 
with global efforts to preserve and protect the environ-
ment through practical solutions, for the benefit of all 
humankind. 

A state-level advisory council – incorporating 
experts from various organizations including IMD –
conveys specific advice on adaptation issues, providing 
uniformity in policy making across the country. India’s 
meteorological services and the observing systems 
which support them are strengthened as frequently as 
technological advancements allow to ensure maximum 
economic, social and environmental benefits. India is 
not obliged to cut emissions under the Kyoto Protocol, 
nevertheless it has a range of actions in place to 
reduce GHG emissions and improve energy efficiency 
including: setting up a Bureau of Energy Efficiency; 
reforming its power sector; initiating afforestation 
and conservation projects; and using cleaner and less 
carbon-intensive fuel for transport.11

Climate change and societal response: afforestation

Im
ag

e:
 II

T 
B

om
ba

y

Climate change and societal response: capacity building for community base 

adaptation to climate change

Im
ag

e:
 A

na
nd

 A
gr

ic
ul

tu
ra

l U
ni

ve
rs

ity
, A

na
nd

Climate change: challenges and opportunities  
for development in Kuwait 

A. Ramadan, Kuwait Institute for Scientific Research



[ ]71 

Climate change: challenges and opportunities 
for development in Kuwait 

A. Ramadan, Kuwait Institute for Scientifi c Research

Whether we believe it is mainly natural phenomena, 
or mainly the result of human beings, there are few 
who would still deny that there has been a signifi cant 

change in the Earth’s climate. This is most obvious in the global 
rise in mean temperatures, which is widely accepted to be attrib-
uted to the increasing anthropogenic emissions of greenhouse 
gases, water vapour, carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O), ozone (O3) and CFCs – an implicit result 
of population growth. This argument is strong, although direct 
warming due to waste heat, which is typically 60 per cent of that 
released by burning fuel, should not be underestimated. 

According to projections reported by the Intergovernmental Panel 
on Climate Change (IPCC), the average global surface temperature 
is likely to rise by 1.1-6.4°C during the 21st century.1 

The melting of the polar ice caps is a direct result of climate change. 
Other results of climate change are the variation in pattern and amount 
of precipitation, the extinction of rare species and the increased inten-
sity of extreme weather events. Hurricane Gonu, which wrecked the 
coastline of Oman in June 2007, serves as a good example of the 
extreme weather conditions affecting the Arabian Gulf region.

Kuwait and other Arabian Gulf countries have a huge proportion 
of the earth’s fossil fuel reserves. Other, cleaner, sources of power 
also abound in the region, including solar energy. The fact that most 
of the load on electricity comes from air conditioning units during 

the summer season (March-November) ties well with 
availability of solar energy.

Kuwait has a network of 34 weather stations. Nine 
belong to the Kuwait National Meteorological Network 
(KNMN), while the rest are operated by the Directorate 
General of Civil Aviation.

Long-term observation of ambient temperature
Historic ambient temperature data covering over 40 
years sheds some light on climate change in Kuwait. 
Using the linear least squares fi tting technique through 
the yearly average dry bulb temperature data reveals a 
positive gradient ranging between 1.1oC/century in July 
to 9.4oC/century in December, with an overall average 
of 4.7oC/century.

The overall trend for extreme maximum tempera-
tures over 40 years is positive with the rate of change 
being 3.1oC/century. When it comes to minimums, the 
rate of change is higher, 6.1oC/century. 

Considering that minimums occur at night and maxi-
mums during the day, this asymmetry is understandable. 
Based on four decades of surface thermometrics in the 
US, the former Soviet Union and China, Karl et al. 
concluded most of the warming in these countries was 
due to an increase of mean minimum temperatures with 
the mean maximum temperatures displaying a smaller 
increase.2 Such a phenomenon leads to a decrease of 
the mean (and extreme) temperature range, which is an 
important climate change variable.3 Increased Diurnal 
Temperature Range (DTR) in summers and reduced DTR 
in winters suggests increasing cloud cover and increasing 
soil moisture may play a direct role (increase in cloudi-
ness suppresses warming during daytime, which results 
in reduced maximum and higher minimum temperatures 
– hence reducing the magnitude of DTR).4, 5

This reduction in DTR cannot be solely attributed 
to the changes in aerosols, ozone or water vapour and 
this is in alignment with the conclusion of Watterton 
that such reduction is not fully accounted for by 
many climate models.6 According to him, there are 
great errors in the way these models treat clouds. The 
extreme temperatures in Kuwait are in accord with 
these findings. For the dry bulb temperatures, the 
increase in the maximum (daytime) value over the past 
forty years is 6.3oC/century compared to the 14.4oC/
century increase in minimum (night-time) tempera-
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submitted under the Kyoto mechanisms.12 Out of the 
150 billion cubic metres flared annually, about 50 
billion comes from the Middle East and North Africa. 
Each cubic metre of gas fl ared generates two kilograms 
of CO2 and Kuwait is among the top 20 major fl aring 
countries in the world.12

Another source of air pollution is vehicular emissions. 
This is exacerbated by Kuwait’s complete reliance on 
fossil fuels and the fact that the number of vehicles per 
thousand of people is nearly triple the world average.13

 Rapid economic and population growth – at 2.4 per cent, 
double the world average – has put Kuwait’s environment 
under severe stress, especially with respect to air quality.11

Adaptation strategies
Adaptation strategy is a broad and multi-dimensional 
endeavour. Many of the issues related to adaptation 
must be taken on a global rather than national scale. 
It is important that each country endeavours to reach 
a set of goals, but the activities concerned will work 
best if they are coordinated with social and economic 
development. 

It is widely accepted global warming can be beaten 
if political will exists. The available technologies and 
measures are able, if implemented seriously, to achieve 
a broad range of atmospheric CO2 stabilization levels 
over 100 years, but implementation will require socio-
economic and institutional changes. Switching to solar 
and wind power is one of the many ways to do this. 
According to the IPCC’s Working Group Three, follow-
ing its conference in Accra, Ghana, the cost of reducing 
greenhouse gas emissions is lower than imagined: half 
of these potential emissions reductions may be achieved 
by 2020 with direct benefi ts exceeding direct costs, 
operating and maintenance costs.14

Kuwait ratified the United Nations Framework 
Convention on Climate Change and the Kyoto protocol 
in 1994 and 2005 and activities are under way on green-
house gas inventories and climate change action plans, 
including efforts to create integrated waste management 
programmes and monitoring and imposing legislation 
on air pollution. Below are some success stories.

Ministry of Electricity and Water
Based on the recommendations of several pieces of 
research, the Ministry of Electricty and Water (MEW) 
has revised power plant expansion plans.10,15,16,17 At 
Az-Zour Power Station (AZPS), MEW is introducing 
a more effi cient co-generation (power and water) plant 
containing Combined Cycle Gas Turbine (CCGT) 
power plant and Multi-Stage Firing/Reverse Osmosis 
type distillation units instead of conventional thermal 
plants. Also, the existing Siemens and Alstom Open 
Cycle Gas Turbines at AZPS will be converted to CCGT 
to increase thermal effi ciency and reduce fuel consump-
tion. In general MEW has started installing low NOx 
burners in all new facilities, demanding supply of 
cleaner fuels (natural gas and gas oil) instead of crude 
oil and heavy fuel oil for power generation and optimiz-

tures. A general reduction in the global solar radiation measured 
in Kuwait for that period is attributed to the increased cloud cover 
during the daytime, and this ties well with the conclusions made 
based on ambient temperature.7 

Challenges and opportunities for development
The hot and humid climate of Kuwait requires extensive use of indoor 
air conditioning running on cheap, subsidized power. Also, the lack of 
precipitation and scarcity of water dictate high desalination capacity. 
Sixty per cent of the world desalination capacity is in the Arab coun-
tries, particularly in the Gulf Cooperation Council (GCC) countries.8 

In the GCC countries about 58 per cent of energy consumption is 
attributed to air conditioning and water desalination.9 

These conditions can only lead to high rates of electricity consumption. 
The energy sector, dominated by huge thermal electric power plants with 
complete reliance on fossil fuels, is a primary driver of both economic 
development and environmental degradation; a balance between the two 
has yet to be achieved in Kuwait, and  globally. 

Kuwait has witnessed a sharp rise in energy consumption with 
peak power demand increasing 6-8 per cent annually in the 2000s.10 
In 2006, energy consumption per capita in Kuwait was 16.311 kilo-
watts per hour compared to 2.751 kilowatts per hour worldwide.11 
CO2 emissions are largely a by-product of energy production. 
Accordingly, annual CO2 emissions per capita in Kuwait were 36.9 
tonnes in 2005, well above the world average of 4.5 tonnes.11

Kuwait has also gone through a rapid cycle of development in 
oil exploration, exploitation and refi ning. This encouraged the 
government to embark on major programmes for industrializa-
tion, establishing plans for new construction and rapid expansion 
of petrochemical complexes, fertilizer plants, refi neries, chemical 
plants, iron and aluminium smelters and other energy-intensive 
industries. This has led to an increase in pollutants, including CO2.

Flaring of gases (which usually accompanies oil production and 
refi ning) results in high CO2 emissions. According to the World 
Bank’s Global Gas Flaring Reduction partnership, at least 150 billion 
cubic metres of gas is fl ared or wasted every year, adding about 
400 million tons of greenhouse gases. This is equivalent to almost 
all the potential yearly emission reductions from projects currently 

Annual average temperatures in Kuwait (1963-2005)

Source: Ashraf Ramadan
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ing the load cycle – in order not to violate Kuwait Environment 
Public Authority air quality standards. 

Kuwait National Petroleum Company 
The growth of the petroleum and petrochemical industry in Kuwait 
need not be a source of alarm if the concepts (effi ciency and reduction 
of emission and waste generation at the source) adopted by the Council 
of Arab Ministers Responsible for Environment are adhered to. It is 
feasible to increase industrial output two to threefold without increas-
ing emissions. A precedent has already been set by the refi nery industry: 
the Government of Kuwait has pledged to reduce sulphur content in 
petroleum products, gas fl aring and other hydrocarbon releases by 
building a large modern refi nery to produce environmental friendly 
fuel to cope with the demands for the power plants of MEW.10, 16

In 2007, the company started executing front-end engineering and 
design for its Clean Fuel Project-2020, which involves modifi cation, 
upgrade and installation of new facilities including new fl aring systems 

at its three refi neries. Mina Abdullah (MAB) and Mina Al 
Ahmadi (MAA) will be upgraded to give increased capacity 
and conversion of low sulphur fuel oil to higher end prod-
ucts through ‘Bottom of Barrel’ processing using ARDS/
COKER/HC technologies. Shuaiba will become a tank 
farm, gasoline blending and shipping/logistics centre with 
potential integration of some offsite facilities with MAA/
MAB operations.18 According to satellite data released 
by the United States National Oceanic and Atmospheric 
Agency in 2007, Kuwaiti fl ared volume decreased from 
2.5 tonnes in 2006 to 2.1 tonnes in 2007.12

Kuwait Oil Company
Kuwait seeks to increase its use of natural gas in electric-
ity generation, water desalination, and petrochemicals to 
reduce the impact on the environment and free up as 
much as 100,000 barrels per day of oil for export. Kuwait 
hopes to accomplish this through increased drilling for 
natural gas, and tying together gathering centres.

Public Authority for Agriculture and Fisheries
The work to establish green belts in Kuwait is well 
under way, to combat sand encroachment and develop 
carbon sinks through tree planting and afforestation. 

Despite the above, more work is still required. An 
emission inventory should be conducted for all air 
pollution sources including industries, power plants, 
traffi c and domestic sources to assess the status emis-
sion loads. District cooling is more economical and 
environmentally friendly than small air conditioning 
units. When residential areas are close to the coast (as 
in Kuwait), the benefi ts are far greater.

Another important aspect is renewable energy. 
Kuwait is a hot spot for solar power generation, with 
potential for wind energy. The government of Kuwait 
represented by the Amir (Sheikh Sabah Al-Ahmad 
Al-Jabir Al-Sabah) is giving serious consideration to the 
use of renewable energy, especially solar and wind.19

Incentives should be given for energy-effi cient build-
ings. Solar water heating should also be encouraged, and 
environment-oriented non-governmental organizations 
must be empowered to advance sustainable develop-
ment and strengthen environmental legislations. The 
implementation of carbon capture and storage tech-
nologies is also important.

Historic records of temperature in Kuwait show clear 
signs of climate change, at a rate of 4.7-6.6oC per century. 
The data shows asymmetry in the increase of temperature 
during day and night, with the increase in the latter being 
greater. Solar radiation data supports these fi ndings.

The overall picture can be interpreted differently based 
on the background against which the picture is held. 
Considering the current challenges, along with pollu-
tion levels and the rate at which they have increased, the 
future can still be considered murky. However, when one 
takes into account the serious strides taken by Kuwait 
through adaptation strategies and implementation of new 
technologies one can be assured the years to come will 
witness an improvement in local air quality.

Monthly averaged maximum and minimum hourly temperatures in 
Kuwait for 1963-2005

Source: Ashraf Ramadan

Extreme hourly dry bulb temperatures in Kuwait for 1963-2005

Source: Ashraf Ramadan
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Adapting to changes and fluctuations  
in climate: a Russian perspective 

Dr Alexander Bedritsky, Head, Roshydromet

One of the biggest public requests the scientific commu-
nity receives is for forecasts on the probability of 
extreme climate events with significant socioeconomic 

and ecological consequences including heat waves, droughts, 
floods and hurricanes. While the problem of the predictability 
of extreme events, and of the climate system as a whole, remains 
highly relevant for timescales ranging from several decades to 
several centuries, today the most urgent need is for lead time 
forecasts of one season to one decade. It is obvious that the 
potential for predictability within the above mentioned times-
cale varies according to different climatic characteristics (as 
well as to different regions of the planet) and may often be quite 
limited, especially for Russian territory. 

As we are looking at timescales in which, as a rule, 
the changeability of both the climate system itself 
– as well as its individual components – signifi-
cantly exceeds input from external (anthropogenic) 
influences, the task of forecasting for one season to 
one decade poses considerable difficulties. Research 
in this sphere should probably be devoted to more 
clearly delineating the theoretical borders of the 
impossible, rather than to promising a progressive 
increase in forecast accuracy and lead time. Hopes 
for higher precision in evaluating future changes in 
climate extremes on Russian territory, which are of 
great practical interest, are connected with advances 
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Climate change could improve conditions for cargo transport in the Arctic seas
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tial for the effective development of sector-specific 
and regional economies are, in particular: northward 
displacement of the northern boundary of the comfort-
able habitation zone as a result of mitigating climatic 
conditions; reduction in energy expenditure on heating 
during the cold season; improvement in ice conditions 
and consequently in conditions for cargo transport in 
the arctic seas, easing access to the Arctic Shelves and 
their reclamation; improvement in the structure and 
expansion of plant husbandry as well as an increase in 
the productivity of animal husbandry (providing certain 
additional conditions are met and certain measures 
taken); increase in the productivity of boreal forests; 
increase in water resources (for the country as a whole, 
notwithstanding the appearance of some regional 
deficits) and improvement in conditions for the devel-
opment of hydro-electric power.

Among negative consequences of expected climate 
change are: an increase in the recurrence, intensity and 
duration of droughts in some regions, and in others a rise 
in extreme precipitation, floods, and cases of soil humid-
ity reaching agriculturally dangerous levels; increased 
fire risk in forested landscapes; degradation of permafrost 
with damage to buildings and infrastructure in north-
ern regions; disruption of the ecological equilibrium, 
displacement of one biological species by others; increase 

in computer technologies that would allow for the possibility of 
carrying out complex calculations with high resolution climatic 
models. This will allow changes in the probability of the spread 
of climatic characteristics to be evaluated more accurately – in 
particular, for changes in the recurrence and intensity of hazard-
ous events.

An Assessment Report on climate change and its consequences 
for the territory of the Russian Federation (RF) was prepared by 
the Federal Service for Hydrometeorology and Environmental 
Monitoring (Roshydromet) in collaboration with the Russian 
Academy of Science and published in 2008. This report presents the 
results of up-to-date research into many years of hydrometeorologi-
cal observations on Russian territory, and also examines the results 
of climate modelling.  

According to the Roshydromet Report, a significant part of the 
territory of the RF is located within the region of maximum climatic 
change, both observed and predicted. 

The consequences of climate change vary for different regions 
of Russia and can impact differently on diverse groups of the 
population, sectors of the economy and natural phenom-
ena within the confines of any given region. Therefore, when 
working out a national strategy for the RF, it is vital to take 
into account the whole spectrum of losses and gains connected 
with change.

Among the consequences of the expected climate change which 
would be positive for the RF and are connected to significant poten-

Scientists gather important data about the climate from research in polar regions
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in energy expenditure for air conditioning in the summer season for 
a considerable proportion of settlements.

Among the advantages enjoyed by the RF in comparison to many 
other countries are:
• �An overall higher adaptation potential which can provide for large 

portions of the territory
• The presence of considerable water resources
• �The relatively low proportion of the population living on territo-

ries especially vulnerable to climate change.

Social groups, natural phenomena, economic infrastructures, and 
elements of the state structure of the RF differ as regards the nature 
and degree of their vulnerability to the unfavourable consequences 
of climate change. Moreover, not all types of possible damage can 
be evaluated today in monetary terms, and the evaluations of possi-
ble losses may themselves contain significant uncertainties. The 
existence of such uncertainties should not become an obstacle for 
providing an acceptable level of protection, as a measure of reason-
able precaution, for the more vulnerable territories, aspects and 
social sectors. Particular attention should be paid to this while 
evaluating vulnerability, developing and realizing lead time meas-
ures for preventing and neutralizing unfavourable consequences 
of climate change.

On the other hand, in a situation of uncertainty, it becomes 
especially important to provide decision makers not only with 
objective information about current and predicted climate 
changes but also with a proper interpretation of these, as well as 
with clear indications of measures to be taken – adaptation, risk 
management and others.

The Roshydromet Report – which is in essence the first 
Russian National Assessment Report – made a significant contri-
bution to scientific argument underlying an important political 
document: the Russian Federation’s Climate Doctrine. This was 
also prepared by Roshydromet and approved by the session of 
the Presidium of the Russian Government. With the long-term 
perspective in mind, the Climate Doctrine project pays special 
attention to the development and planning of measures for adapt-
ing to the consequences of climate change. Adaptation is the only 
possible answer to many of these consequences. One of the top 
priorities for RF climate policy is anticipatory adaptation with the 
goal of minimizing losses and maximizing gains connected with 
future climate changes, especially those which are unavoidable 
in the near future.

Taking into account the dimensions of Russia’s territory, 
its geographical location, the exceptional variety of climatic 
conditions, economic structure, demographic peculiarities and 
a range of other factors – the spectrum of tasks relating to 
climate change adaptation on the country’s territory is extremely 
broad. As such, alongside a variety of projects, the RF’s national 
strategy must include the development of observation (above 
all, observing extreme events), prediction and early warning 
systems. Without these components, no adaptation project can 
be effective. For example, probability forecasts for drought and 
precipitation form the basis for adaptation projects in the sphere 
of land use. Here, the most important role, besides develop-
ing predictive models, is played by climate observations, and 
improving these – including improved organization in cases 
where additional observations are necessary – is an essential 
factor for successful adaptation measures.

 Measures for climate change adaptation, including 
those relating to RF collaboration with the interna-
tional community, are regulated by government 
decisions. The planning, organization and implemen-
tation of adaptation measures, including proactive 
adaptation, are carried out within the framework of 
the RF’s state socioeconomic policy in the sphere 
of climate. They take into account sector-specific, 
regional and local peculiarities, as well as the long-
term nature of these measures, their scope, and how 
deeply they impact on different aspects of the life of 
society, the economy and the state.

The most important components in developing 
and planning adaptation measures are evaluations 
of: vulnerability to unfavourable consequences of 
climate change and the associated risks of losses; 
possibilities of benefiting from favourable conse-
quences of climate change; cost effectiveness and 
practicality of relevant adaptation measures; and 
adaptation potential, taking into account economic, 
social and other factors which would impact on the 
state, economic sectors and social groups. 

Roshydromet takes an active role in undertaking 
and clarifying the above mentioned evaluations, and in 
delivering them to decision makers.

The Roshydromet Report is a significant contribution 

to scientific argument
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Growing concern about global climate change has 
increased awareness of the importance of providing 
accurate climate information for the past, present and 

future. The current state of the Swiss climate has become an 
active element in public debate. Reports on the warmest month 
or season on record, or articles on the impact of once-in-a-
hundred-years precipitation events, are headlines in the daily 
news. Historically, climatology at the Swiss Federal Office 
of Meteorology and Climatology (MeteoSwiss) has primarily 
focused on the observation of weather elements, data quality 
control, homogenization and data archiving, and subse-
quently calculating and reporting basic statistical quantities 
such as monthly temperature and precipitation summaries. 
In retrospect, this work was fundamental in triggering the 
development of national climate monitoring infrastructures. 
Without them, we would not know how much the climate has 
changed in recent years.

The growing importance of issues related to climate change has 
increased the demand for new climate services and poses a wide 

range of challenges to MeteoSwiss. Switzerland, due to 
its mountainous topography, seems to be particularly 
exposed to climate change. Indeed, over the period 1971 
to 2008 Switzerland has experienced a temperature rise of 
1.75°C, which is twice the globally averaged land surface 
trend. Climate projections suggest that this warming will 
continue and by the middle of this century affect tourism, 
biodiversity, water resources, hydropower generation 
and many other sectors of socioeconomic and ecologi-
cal relevance. A specific example is Swiss winter tourism. 
Many ski resorts are located at an elevation of 1,000 to 
1,500 metres above sea level. One of our research projects 
revealed that the 0°C line in winter is projected to rise 
from roughly 900 metres today to 1,250 metres above 
sea level in the next 50 years. This means that by 2050 
dozens of ski resorts may not have enough snow in winter 
to continue to exist. Information of this kind is crucial for 
those in charge of regional planning as well as for investors 
in holiday resorts. 

This example illustrates that, although the problem 
of climate change is a global one, its effective conse-
quences can be highly localized and site-specific. In the 
ideal case, climate services would therefore be custom-
tailored to the demands of each region in Switzerland. 
This not only refers to future climate projections, but 
also to observations of the present day climate, given 
that any climate change signal can only be detected and 
quantified if high quality observations are available. It 
is therefore a key focus of our service to ensure that 
climate monitoring is secured in sufficient spatial reso-
lution and on a high quality level.

Climate observation and monitoring
Switzerland has a long tradition of climate observa-
tion. Some temperature series date back to the middle 
of the 18th century. Since 1864 a dense network of 
meteorological surface stations has been maintained 
and meteorological measurements have been recorded 
systematically all over the country. Many of these 
stations are still in operation today. They are part of 
our official meteorological surface station network, 
SwissMetNet. The most valuable climatological stations 
within SwissMetNet are pooled together in the Swiss 
National Basic Climatological Network (Swiss NBCN). 
Research is under way to digitize and homogenize most 
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Monitoring the high alpine climate of Jungfraujoch at 3,580 metres
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become indispensable for many stakeholders and deci-
sion makers in the public and private sectors, where 
climate risks need to be quantifi ed and managed. The 
relevant timescales range from short-term – defi ned 
as monthly to seasonal climate fl uctuations – up to 
multi-decadal climate change. There is a growing 
demand for integrated information on all these times-
cales, a demand which is also shaping the climate 
services provided by MeteoSwiss.

Scientifi c research has led to a substantial improve-
ment in understanding and predicting short-term 
climate variability in many regions of the world. 
MeteoSwiss has started to make use of this knowl-
edge and provides both public and private clients 
with probabilistic climate forecasts for the upcoming 
weeks and months. Although such forecasts still have 
comparatively little skill in Switzerland and Europe, 
they are nevertheless valuable for a wide range of 
specifi c applications, such as the pricing of weather 
derivatives or the estimation of developments in the 
energy market. To strengthen the link between fore-
cast providers and forecast users and to get deeper 
insight into user demands, several joint projects have 
been set up with leading international Zurich based 
reinsurance companies. These projects showed that 
for applications in climate risk management it is 

available NBCN data in order to provide high quality data series and 
to address climate change and climate variability issues. Swiss NBCN 
also ensures long-term continuity of measurements in the future.

Systematic long-term measurements also make a signifi cant contribu-
tion to the Global Climate Observing System (GCOS) – a programme 
jointly sponsored by the World Meteorological Organization, the 
Intergovernmental Oceanographic Commission of the United Nations 
Educational Scientifi c and Cultural Organization, the United Nations 
Environment Programme and the International Council for Science. 
The Swiss GCOS Offi ce, established at MeteoSwiss in 2006, coordi-
nates all climate-relevant measurements in Switzerland. As a basis for a 
legal and sustainable strategy of the national climate observing system, 
GCOS Switzerland, a comprehensive inventory report was compiled in 
2007.1 Based on this report, the Swiss Federal Council decided in June 
2008 to ensure the long-term continuation of at risk climate measure-
ment series and international data centres in Switzerland.

Apart from their fundamental role in climate monitoring, mete-
orological and climatological observations are relevant for many 
other purposes. For example, the data are used as inputs for defi ning 
the initial state of the atmosphere in numerical weather prediction 
models, as well as being indispensable for the verifi cation and cali-
bration of climate models.

Climate prediction and scenarios
Climate models are the backbone for providing information about 
future climate in the form of climate scenarios. This information has 

The Swiss National Basic Climatological Network (Swiss NBCN)

Source: Federal Offi ce of Topography swisstopo/Federal Offi ce of Meteorology and Climatology MeteoSwiss    
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essential that the forecasts are reliable and that the underlying 
uncertainties are appropriately quantifi ed. This is a non-trivial 
task which involves a series of post-processing steps and has 
become a research focus of our climate service.

Concerning longer timescales, our observations clearly show 
that the climate has changed over the last decades. At the same 
time, climate model predictions as summarized, for example 
by the Intergovernmental Panel on Climate Change, indicate 
that the climate will continue to warm. While the magnitude 
of climate change depends on the future development of the 
global economy, technological innovation and policies, local 
and regional adaptation strategies can only be formulated if 
sound climate information is available, which in turn requires 
an involvement of the national climate services. For example, 
regional observations and projections of summer mean temper-
atures and precipitation for northern Switzerland have been 
determined under the lead of the Swiss national advisory board 
on climate change (OcCC, 2007).2 However, most stakeholders 
require information that is even more specifi c, and we have to 
answer questions such as: Will there be a stronger temperature 
change at higher altitudes? How does the precipitation pattern 
change in a region or at a specifi c site? For example, the canton of 
Valais or the city of Geneva. What about changes in the frequency 
of extreme weather? Will there be more strong storms such as 
those in December 1999, fl oods like in August 2005 or heat waves 
as in 2003? And again – how certain are these projections?

An answer to these complex questions requires close collab-
oration with the Swiss and international climate research 
community. Since 2001, our offi ce has been an active partner in 
the National Centre of Competence in Research on Climate, a 
scientifi c network bringing together more than 100 researchers 
from national partner institutions with the aim of better under-
standing the climate system by carrying out interdisciplinary 
research on its variability and interactions. At the same time, 
MeteoSwiss has participated in international research projects 
such as EU FP6 ENSEMBLES – a largescale European research 

initiative to provide objective probabilistic estimates 
of uncertainty in future climate on the basis of a large 
ensemble of global- and regional-scale climate model 
simulations. 

While the duration of such programmes and initi-
atives is usually limited, the user demand for high 
quality climate information is continuously growing 
and requires the establishment of a more permanent 
framework to guarantee this kind of service. An 
integral component of such a framework could be 
provided by the Center for Climate Systems Modeling 
(C2SM) located at the Swiss Federal Institute of 
Technology in Zurich, which was established in 
autumn 2008 by Zurich based institutions, includ-
ing MeteoSwiss. The C2SM has the potential to act 
as a long-term interface between climate research on 
the one hand and end-user oriented climate services 
on the other, and may form an integral part in the 
development of a national adaptation strategy. 

Maintaining a reliable, high resolution measure-
ment network that provides high quality local and 
regional climate information as well as climate change 
projections is among the most challenging tasks of 
our climate service. Together with our partners from 
research, the economy and public sector we can help 
to give answers to many climate related questions. 
However, we also need to improve dialogue between 
our service and stakeholders. Switzerland started 
with the development of a national adaptation strat-
egy. Climate information will be the backbone of this 
strategy. A constructive dialogue will help to set the 
focus of our services. However, users must know the 
potential and limitations of our products if they want 
to achieve optimal benefi ts. The quantifi cation and 
communication of prediction uncertainty is one of the 
key challenges in this context.

Climate projection for northern Switzerland

Source: Federal Offi ce of Meteorology and Climatology MeteoSwiss/Institute for Atmospheric and Climate Science ETH   

Observed (1864-2008) and projected (1990-2070) summer temperature (left, in °C) and precipitation anomalies (right, in per cent) for northern Switzerland 

with respect to 1961-1990. The grey areas show the uncertainty range of the projection (5-95 per cent confi dence), assuming that no quick measures are 

implemented to reduce greenhouse gas emissions
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Danish alliances with the developing world  
on climate change and adaptation  

Dr Wilhelm May, Senior Scientist, Danish Meteorological Institute

The Danish Ministry of Climate and Energy was estab-
lished in 2007 as a part of the government’s increased 
efforts to promote a greener and more sustainable society. 

One of its main tasks is the preparation of the United Nations 
COP15 climate conference in Copenhagen in December 2009. 
The ministry consists of several agencies conducting climate 
research projects in developing countries in close partnership 
with both Danish and local agencies in the target nations. The 
following examples are centred around the experiences of the 
Danish Meteorological Institute (DMI).

From 2009 to 2012, DMI will collaborate with the Sokone University 
of Agriculture in Tanzania and the Tanzania Meteorological Agency 
in a research project on the availability of water resources for agri-
culture under future climate conditions in northern Tanzania. The 
aim of connecting these three institutions is to give Tanzania the 
ability to prepare for future climate change.

During the same period DMI will be part of a ‘twinning-project’ 
with the Zambia Meteorological Department (ZMD). The aim of 

this project, which has been initiated by the Royal 
Danish Embassy in Lusaka, is to improve ZMD’s capac-
ity in climate monitoring and modelling as well as in 
the dissemination of weather and climate products. 
As a result, ZMD will be better prepared for providing 
weather and climate-related information and services 
to the public, as well as to various stakeholders, both 
governmental and private. 

In particular, ZMD will be better qualified to 
provide important information and advice to 
governmental bodies on the issue of climate change 
in Zambia. It is envisaged, for example, that ZMD 
will be more able to provide detailed data on both 
present-day Zambian climate variability and future 
climate conditions, which is the basis for the National 
Adaptation Programme of Action on Climate Change 
(NAPA), formulated by the Ministry of Tourism, 
Environment and Natural Resources. Moreover, 
it is envisaged that ZMD will be better positioned 

Meteorological station, Lusaka International Airport, Zambia
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would lead to better spatial coverage in many parts of 
the country. 

Moreover, the management of existing meteorological 
data at ZMD needs to be streamlined, and some basic data 
analysis techniques introduced. In particular, the introduc-
tion of spatial gridding techniques is needed for creating 
maps that properly describe the state of the climate and its 
variability over the entire country. Such maps are not only 
an important basis for assessing present day climate vari-
ability and future climate change, but also for preparing for 
climate variations – such as extended periods of drought 
or rainfall – and for developing strategies to adapt to the 
consequences of projected long-term climate change, as 
stated in the NAPA report.                                         

DMI will also assist in producing regional climate 
simulations for Zambia by downscaling global climate 
projections. Through this process, information on 
the future climate can be obtained at a regional level, 
which is necessary for developing measures to adapt 
to the regional consequences of climate change. To 
achieve this, DMI will perform simulations with the 
HIRHAM Regional Climate Model for Zambia, both 
for present day and future climate conditions. In 
order to assess the quality of these climate simula-
tions and possibly to improve them, observational 
data on both daily and monthly timescales monitored 
and processed by ZMD are of crucial importance. It 
is envisaged that ZMD will be supplied with the data 
from these climate simulations as far as is possible, 
so that it can give various stakeholders information 
on potential future climate changes, or provide data 
originating from these simulations to local research-

to provide timely short-, medium-, and long-range forecasts to 
various stakeholders in the areas of aviation, agriculture and food 
security, hydropower and energy security, as well as warning of 
weather and climate-related disasters such as drought and flood-
ing. Through this process, ZMD will also be a more valuable 
collaborator for international organizations operating in Zambia, 
such as the United Nations Development Programme.

ZMD is well aware of the need to improve its capability in weather 
and climate monitoring and in the dissemination of the resulting 
information, and has identified three major components that need 
to be addressed in the near future: 
• �Strengthen the capacity of existing meteorological stations by 

increasing the number of weather parameters monitored and 
increasing the equipment base

• �Expand the station network to cover all 72 districts of Zambia
• �Strengthen the interpretation and dissemination of weather 

and climate information for national early warning in order to 
enhance community and government awareness.

In addition, ZMD’s capacity in addressing the issue of climate change 
needs to be upgraded, in particular the aspects of climate modelling 
and downscaling global climate projections.

A variety of activities will be undertaken in the twinning project 
between DMI and ZMD, to improve ZMD’s capacity in the areas 
mentioned above. It should be emphasized that capacity building 
is considered an essential part in all of them. Several are related 
to properly monitoring and describing the weather and climate in 
Zambia. To achieve this, the existing meteorological station network 
must be improved and possibilities for expanding the existing mete-
orological station network need to be assessed. At present, the 38 
principal meteorological stations are located in less than 25 Zambian 
districts, from a total of 72. The expansion of the station network 

Cup counter and wind vane at meteorological station, Zambia Meteorological Department, Lusaka, Zambia
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ers with an interest in issues related to climate variability and 
change, such as the University of Zambia.             

Also important is the dissemination of weather and climate infor-
mation at a regional level, for example, in the Southern Province. 
The Southern Province is of particular interest because, on one 
hand, it is the breadbasket of Zambia and, on the other, it is the 
region that is most vulnerable to the adverse effects of drought and 
occasional flooding. Local weather and climate information, such 
as the existing 10-day Crop Bulletin, is essential for agricultural 
planning purposes. A website for weather and climate information 
at a regional level will be set up as a pilot project, and is expected to 
markedly increase the level of information dissemination, especially 
if it can also provide translations into local languages and infor-
mation about farming practices suitable for the forecasted weather 
conditions.

In addition to these current programmes, from 1997 to 2000 
DMI was part of the Danish International Development Agency 
project: Water Resources Information Systems (WRIS) in Ghana, 
in collaboration with the country’s Meteorological Services 
Department (MSD). The aim of the WRIS project was to rehabili-
tate the hydrometeorological and other meteorological information 
produced by MSD. In addition to the station network and data 

handling, the project also focused on public relations. 
The latter improved awareness of MSD and its services 
in Ghana. 

In the period 2006-2007, DMI took part in a 
research project called Sustainable Resource Use 
or Imminent Collapse? Livelihood and Production 
in the Southwest Pacific (CLIP). The goal of 
CLIP, which was coordinated by the University of 
Copenhagen and supported by several private funds, 
was to investigate how small isolated societies in 
developing countries such as the Solomon Islands 
cope with the modern problems of globalization 
and global change. The issue of climate change was 
considered in the project, since the Solomon Islands 
are likely to be increasingly vulnerable to changes in 
climate and related impacts, such as increasing sea 
level, the acidification of the ocean and changes in 
severe weather and climate events.

All of the above projects have capacity building as a 
common goal and give developing countries the best 
possible knowledge of future climate problems and 
possibilities through scientific cooperation and alliances.

Victoria Falls and Victoria Bridge seen from helicopter
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In 2003 the Hungarian Ministry of Environment and Water 
(HMEW), and the Hungarian Academy of Sciences (HAS) 
launched a joint research project called ‘Global climate 

change, its impacts in Hungary and responses’. The project 
is commonly referred to as VAHAVA, from the abbreviated 
Hungarian for ‘Change, Impact, Response’. Since the National 
Environmental Program of Hungary was already dealing with 
the national task of controlling emissions of greenhouse gases, 
VAHAVA focused primarily on vulnerability and adaptation in 
relation to the anticipated impacts of climate change. 

It formulated two strategic objectives: preparing the Hungarian 
people and economy for likely increased extreme weather and 
hydrometeorological events, thus enabling them to cope with 
warmer and drier conditions; and developing the organizational, 
technical and financial infrastructure needed for a timely response.

VAHAVA’s major methodological aim was the synthesis of large 
systems. Representatives of various scientific disciplines were invited 
to take part in this complex project. No new research programmes 

were launched, but knowledge, data and experience 
gained in past decades was synthesized – creating new 
intellectual products. 

Climate and extremes in Hungary
The Hungarian climate is affected by influences from 
three directions: continental effects from the east, 
Atlantic from the west and Mediterranean from the 
south. As a result the meteorological events from 
year-to-year and season-to-season are highly variable.1 
The countrywide average temperature follows global 
changes, but shows somewhat higher warming than 
the global rate. These changes occur mostly in summer. 

The disadvantageous impacts of extreme mete-
orological events include: floods; excess inland water 
inundations; droughts; deluvian rainstorms; hail; heat 
waves; increasing UV radiation; early and late frosts; 
heavy snow drifts; wind storms; forest and bush fires; 
and the appearance of new pathogens and pests. The 
more serious impacts are also affected by human activi-
ties – for example, inappropriate land use and the lack 
of maintenance of levees in flood-prone areas. 

The working hypotheses of the project were that 
warming will be stronger than the expected global average 
in the Carpathian Basin, that we should expect decreas-
ing annual average precipitation, and that the number and 
intensity of extreme meteorological events will increase. 

Basic results and recommendations of the project
A large number of measures and regulatory consid-
erations were formulated in the wake of the project. 
A selection of findings and recommendations follows.

VAHAVA concentrated its activities on increas-
ing the general awareness of interested stakeholders 
on climate change hazards, impacts and necessary 
responses. Different layers of society, individuals, 
elements of the natural environment, landscape and 
sectors of the national economy all react differently to 
climate changes. Their vulnerability and resilience are 
also different. An extremely important result was that 
it successfully drew the public’s attention to changing 
climate and the need for increasing preparedness. There 
is an urgent need for raising awareness, in which educa-
tion, training, professional advice and popular-scientific 
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Heavy snowfall limits even the railway transport. Though the event becomes less 

frequent with global warming in Hungary, the ability to cope with it should be sustained
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tion of decision makers to the problem area. The project 
involved very active communication and dissemination 
work. Between 2003 and 2006 more than 200 articles 
were published in newspapers and journals and about 
150 radio and TV interviews were broadcast on the 
topic of climate change. A majority of these mentioned 
VAHAVA. Among its publications and conferences are 
various books, proceedings and CD-ROMs, totaling 
around 4,000 pages. 

To summarize, some organizational experiences that 
could be useful to other countries facing similar circum-
stances include:
• �In such a large and synthesizing project it is 

extremely important to gain the support of leading 
politicians, government officials and scientists

• �Guarantees of financial support should be obtained. 
In this case the leaders of the Ministry for the 
Environment and Water Management and HAS 
made an agreement

• �The existing but underused research results of 
around 300 experts were built into this synthesizing 
work, secured by personal motivation and interest 

• �Active and constructive working relationships were 
developed with the leading green non-governmental 
organizations. A good relationship with the media 
was established.

National climate change strategy
After the publication of the proposals, the Hungarian 
Government decided on preparation of a National 
Climate Change Strategy (NCCS), coordinated by 
HMEW and taking into account the results and recom-
mendations of VAHAVA. Parliament unanimously 
adopted NCCS on 17 March 2008. The resolution was 

publications should play equally important roles. A wide range of 
professionals became acquainted with new terms (‘climate policy’, 
‘mitigation’, ‘adaptation’) and knowledge of the general features of 
climate and weather.

Responses to impacts and their solutions can be achieved in 
sequence, taking the interdependencies of mitigation and adapta-
tion into consideration. The order is: preparation; prevention of 
damage; defence (rapid, professional and effective reaction, the 
mobilization of reserves and disaster prevention forces); and reme-
dial action (rapid elimination of damage, especially that affecting 
health and infrastructure, and the establishment of relevant insur-
ance systems, financial and other reserves). A major proposal is that 
a Preventive Climate Strategy for Public Health Protection should 
be developed. In a critical situation the availability of food, drink-
ing water, medicine and other reserves determines the length of an 
emergency situation and how many lives are saved. 

Great importance is attributed to the role of forests in reducing 
damage, and of vegetation cover in general, with special regard 
to their absorption and storage of CO2. An ever increasing stress 
is the reduction of freshwater resources and deteriorating water 
quality, along with rising water prices. The project intends to reduce 
flooding and protect subsurface drinking water as well as thermal, 
medicinal and mineral water resources. 

Proposals related to the field of energy production and consump-
tion, which play a deterministic role in global warming, are 
concentrated on mitigation. Strategies include improving the effi-
ciency of power generation, using energy saving technologies to 
decrease power dependency and reduce costs, and expanding alter-
native power resources. A special response package was created for 
transportation, aimed at reducing emissions. 

Experience gained during the project
Efforts were made to involve the widest possible professional and 
social groups in debating partial results. This also drew the atten-

The record flooding in Budapest during August 2002. Public transport was unusable 

along the riverbank, but the second dyke defended the downtown

Ice drifted onto the pier by the stormy temperate latitude cyclone, Kyrill 

Lake Balaton, Hungary, 19 January 2007. As well as the strong wind, 

the high water level also contributed to the event
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compiled in order to determine objectives, instruments, priorities, 
and tasks connected to: climate change research; adaptation to 
domestic impacts; reduction of domestic greenhouse gas emissions; 
and the preparation of instruments for achieving these objectives. 
The Climate Strategy began in 2008 and is scheduled to run until 
2025 in accordance with international commitments. The govern-
ment will review it in 2010 and subsequently every five years.

Based on previous scientific research synthesized by VAHAVA, 
NCCS outlined the effects of climate change on specific sectors. 
These are: nature conservation; human environment and health 
issues; water management; agriculture; regional development, 
including development of settlements and the built environment. 
NCCS will widen its scope to cover other sectors including tourism, 
security policy and urban planning. 

Follow up activities related to impact research
VAHAVA was pursued within the framework of the national 
research project Preparation for Climate Change: Environment 
– Risk – Society.2 The range of the research areas were varied. 
Climate change expectations were based on the Prudence Project 
for Hungary, among other sources. 

Climate change as input variables for impact and adaptation 
studies was investigated on two levels: as a continuous linear slow 
change of mean temperature and precipitation; and as a non-linear 
change with more frequent and serious anomalies. 

Considering the first type of change, crop development is acceler-
ated by higher temperature – assuming no nutrient and water stress 
– although much higher than optimal temperature can endanger 
crop growth. High temperatures increase evapotranspiration which 
can rapidly dry the soil, although increasing CO2 concentration has 
a positive effect on biomass accumulation. Water use in agriculture 
is expected to become much more expensive and thus more strictly 
limited because of increasing private and industrial water use. Soil 

productivity is also expected to change because organic 
matter breaks down more intensively at high tempera-
tures. Warming has a positive effect on the reproduction 
rate of pests, which increases the occurrence of infesta-
tion and makes pest control more expensive. Research 
suggests that ecological zones can shift north at a rate 
of 150-250 kilometres if global warming equals 1oC. For 
Hungary this means that a temperature increase of 2oC 
would involve great changes in climate conditions, in 
turn requiring totally different land use. 

We can establish that anomalies make production 
uncertain, and extreme events can cause catastro-
phes, which have serious social and economic effects. 
But since the global and moderately resolved regional 
models could not provide full details of the changes 
in frequency and peak intensity of these extremes, no 
specific conclusion could be made. 

Regional climate modelling
Climate dynamics and modelling in Hungary date 
back to 2004, with the primary aim of adapting, vali-
dating and developing regional climate models for 
the Carpathian Basin. There are four recent regional 
models available for the simulation and projection of 
climate. These are: ALADIN-Climate, PRECIS, RegCM 
and REMO.

 The following predictions can be made for the period 
2021–2050, on the basis of model experiments. All 
models agree that warming above global mean change 
is anticipated for Hungary. The precise extent of the 
increase varies between models, however the signal is 
statistically significant. Uncertainties exist for change 
in precipitation. Although the annual amount is not 
expected to alter considerably, annual distribution is 
likely to completely change. Decreased summer precipi-
tation is marked in each model, however changes in 
other seasons are very uncertain. Projected precipi-
tation tendencies are not significant for any of the 
models. Regarding extreme climate characteristics, 
‘warm’ extremes and severe precipitation events will 
increase, while ‘cold’ extremes will decrease to a lesser 
extent. For temperature related extremes the changes 
are significant, while results for precipitation should be 
interpreted with extreme care, since they might repre-
sent natural climate variability.

In summary, the most important aspect of climate 
modelling in Hungary is the fact that regional models 
are available and can be successfully used for the 
Carpathian Basin. It is essential that projections contain 
information about their reliability and probability. 
Outputs of the regional climate models should be used 
as primary inputs for climate impact assessments in 
the future, including the implementation of NCCS and 
other adaptation-related efforts in Hungary. 

The project has effects on Hungary’s position in inter-
national negotiations, as well as its participation within 
the framework of EU level cooperation. It is especially 
valid for setting, assessing and formulating impact poli-
cies and measures. 

A painted sign for tourists is split by strong winds. The nearby meteorological station 

registered wind gusts of up to 36.8 m/s (Bánkút, Hungary, 30 October 2008)
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Sustainability in climate change mitigation  
and adaptation: a Spanish perspective 

Domingo Jiménez Beltrán, Adviser to the Spanish Observatory on Sustainability and  
Former Executive Director of the European Environment Agency

Climate change obliges humankind to alter its unsustain-
able development patterns at all levels and in particular 
in relation to energy. Developed countries must begin 

a process of reducing resource use, while uniting in efforts to 
share said resources with the developing world. 

This process of rethinking the whole climate change approach 
to account for sustainability will require mass global coopera-
tion. Existing knowledge in the fields of meteorology and climate 
sciences will need to be shared as much as possible and efforts must 
be renewed to develop joint research and development programmes 
aimed at extending the use of science beyond its immediate scope 
to the planning and decision making process. This, in turn, will 
hopefully allow us to build up more sustainable medium- and long-
term scenarios.

Spain has introduced research and development 
programmes on climate change adaptation and mitiga-
tion as a priority, as well as having developed advanced 
networks to survey trends in climate change and in back-
ground atmospheric composition at national, regional 
and global levels – particularly in the Mediterranean 
area. These programmes could and should be used for 
extended knowledge sharing and development coop-
eration efforts, especially considering Spain lacks a 
high level of application for meteorological and climate 
sciences.

The observable effects of climate change clearly 
signify that humankind must reorient its approach to 
development to place a greater emphasis on sustain-
ability. The developed world must reduce its use of 
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Retreat of glaciers in the Pyrenees Mountains is one of the most important signs of climatic change in Spain
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land development and urban planning processes, where 
the most elemental knowledge is ignored or misused. 

The scientifi c community must coordinate its efforts 
to improve knowledge of the climate and its evolu-
tion, as well as formulate very specifi c aims to improve 
the numerical models and statistical techniques used 
in prospective analysis. This, in turn, will result in 
more accurate projections, a reduction of uncertainty 
in results, and – more generally – optimized deci-
sion-making and planning processes that are more 
sustainable, more harmonious with nature and adapted 
to the changing climatology, as well as to the related 
availability and vulnerability of natural resources. This 
will enable humankind to face the climate change chal-
lenge more efficiently; with improved and specific 
strategies, as well as plans for the mitigation of and adap-
tation to the impacts of climate change. Furthermore, 
an even bigger effort must be made to apply and share 
these improvements at the global level.

Because of its geographical location in the 
Mediterranean, Spain is particularly vulnerable to 
climate change. As such, it is actively participating in 
a broad range of international climate change-related 
initiatives including the Intergovernmental Panel 
on Climate Change (IPCC) and the United Nations 
Framework Convention on Climate Change 
(UNFCCC). In the European context, Spain has cooper-
ated with other Western European countries – via their 
meteorological services – in initiatives such as the crea-
tion of the European Climate Support Network in 1992, 
which later on became a EUMETNET programme. One 
of the fi rst tangible results of such activities was the 
fi rst report on European climate, which was presented 
in Berlin during the fi rst Conference of the Parties to 
the UNFCCC. 

Spanish concerns are also reflected in the coun-
try’s administrative efforts to provide capacity for the 
analysis of the potential socioeconomic implications of 
climate change, as well as to develop and coordinate 
policies of mitigation and adaptation to minimize its 
negative impacts. In 1992 the National Commission 
for Climate Change was established, with the different 
departments of the General Administration represented, 
as well various social organizations at the national level. 
Its main goal was to advise the government on the best 
policies and strategies to face climate change. In partic-
ular it sought to facilitate the development – following 
the recommendations of the World Meteorological 
Organization – of a National Programme on Climate, 
integrating all government actions related to climate 
and climate change.

One of the fi rst actions of the commission was to 
establish a focus on climate as part of the national 
research and development plan for the years 1996-1999. 
The aim was to improve knowledge of the climate and 
its future evolution in order to reduce existing incerti-
tude regarding how, when and to what extent climate 
change will affect Spain. Such programmes have piqued 
the national scientifi c community’s interest in different 

resources. This does not mean it must become ‘less developed’ or 
with a lower quality of life, but rather that it should approach devel-
opment in a different, more effi cient manner. The world must also 
unite in helping the developing countries to embrace the sustainable 
use of  resources while improving substantially the quality of life to 
converge with the developed world. 

The question is – why not transform this reactive attitude to 
environmental challenges into a more proactive one, and thereby 
transform this global challenge into a real opportunity? In doing so 
we could transform it from climate change to a ‘climax for change’ 
and genuinely hope to face the urgent call for a sustainable solu-
tion to the impending environmental and economic crisis. 

 It is evident that we must ‘rethink everything’ by applying a new 
and different logic akin to Einstein’s idea that: “We can’t solve prob-
lems by using the same kind of thinking we used when we created 
them.” As such, the UN Conferences of Rio and Johannesburg (at a 
global level) and the Lisbon Treaty, the Socioeconomic Agenda and 
the Sustainable Development Strategy (at a European level) have 
demonstrated that the only logical approach to providing simultane-
ously for economic wealth, improved social cohesion and welfare, 
and enhanced natural resources is one of sustainability.

The good news is that we have the means to make the processes 
of development and globalization more sustainable. The bad news is, 
that the purpose to do so is lacking. This fact is manifest in the current 
lack of development of the necessary conditions for change, including 
the sharing of access to the best available knowledge.

We must make greater efforts to share knowledge of meteorology 
and climate sciences by extending cooperation and networking, as 
well as by demonstrating the best ways to use such knowledge in 
the planning and decision-making processes – as ultimately sustain-
able development is a ‘development based on knowledge’. Currently 
unsustainable projects continue to put knowledge aside in favour 
of short-term and in most cases abusive and speculative economic 
interests. This attitude transfers signifi cant costs to the rest of the 
society now and in the future. This is particularly the case of many 

Izaña Atmospheric Research Center 

Source: AEMET
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climate change research areas, from variability studies to regional 
modelling. This has resulted in a signifi cant increase in the number 
of research groups dedicated to climate change, as well as of related 
articles and publications in international reviews and magazines. 

This commission was replaced in 2001 by the larger National 
Council on Climate, which includes representatives from the 
autonomous regions, the Spanish Federation of Municipalities and 
Provinces, the Federación Española de Municipios y Provincias, 
universities, social agents and non-governmental organizations.

Spain has carried forward a focus on climate change to its 
national research and development plan for 2008-2011, includ-
ing topics on observation, adaptation and mitigation. Of specifi c 
importance is research exploring the development of energy from 
renewable sources that have potential in the Mediterranean region 
– especially since water resources will become increasingly scarce 
in the area, as will the energy derived from such sources. These 
efforts represent an experience that could easily be transferred to 
other countries (especially Mediterranean ones) through coopera-
tion programmes.

One Spanish research effort of particular interest at regional and 
global levels is the continued survey of the background composition 
of the atmosphere. This activity is overseen by Spain’s meteorol-
ogy agency Agencia Estatal de Meteorología (AEMET). To this end, 
AEMET has a Global Atmosphere Watch station located at the Izaña 
Atmospheric Research Center on the Island of Tenerife. At this loca-
tion it measures parameters including concentration of greenhouse 
gases, aerosols and ozone. AEMET also has 13 stations measuring 
background air quality distributed all over the nation – as well 
as another group of stations located in three national parks – that 
monitor ongoing environmental, social and economic changes result-
ing from climate change. 

Because of its vulnerability to climate change, identifying 
potential adaptation strategies is of signifi cant interest to Spain. 

In addition, this insight and experience can be shared 
with the entire Mediterranean area, which shares 
similar climatological and socioeconomic conditions 
and thus has similar vulnerabilities. In line with 
keeping climate change a priority, in 2006 Spain estab-
lished The National Plan for Adaptation to climate 
change (PNACC) with the goal of incorporating adap-
tation strategies into the planning and management of 
natural ecosystems and economical activities depend-
ent on climate variability.

The PNACC set out to generate regionalized scenarios 
for climate change in Spain with a further focus on eval-
uating its impact on water resources, coastal zones and 
biodiversity. AEMET is responsible for generating region-
alized climate change scenarios at the Spanish level, and 
as such, it has established a two-phase project. The fi rst 
phase has been fi nalized and will provide package projec-
tions for Spain and each of the autonomous regions up to 
the end of the 21st century. These packages will be based 
on information resulting from numerous Spanish research 
projects, the third assessment report from the IPCC, and 
from AEMET itself.

During the next four years the second phase will be 
developed to generate new regionalized scenarios based 
on global-level information used in the fourth assess-
ment report and using new regionalization models with 
the support of national research groups working in the 
fi eld. The results of the three other priority actions 
concerning the specifi c impacts of climate change will 
be available in 2010.

Spain is clearly not lacking in the knowledge 
required to improve the policies, plans, programmes 
and projects relating to sustainable development and 
the climate change challenge. Rather, it is lacking the 
correct application of its knowledge assets, and in 
doing so is failing to optimize its actions towards the 
mitigation of and adaptation to climate change. This 
is the real challenge for Spain.

2010 will be a key year for Spain, as it will assume 
the Presidency of the EU just after the December 2009 
Copenhagen Climate Summit – hopefully on time to 
halt the increasing loss of biodiversity and put the UN 
Commission for Sustainability on the right track. 

2010 represents a good opportunity for Spain to 
reinforce climate change and its related issues as an 
EU priority. But it also gives it the chance to prove 
its purpose to apply newly available knowledge on 
climate change scenarios to policy making and plan-
ning – particularly with regards to economy and land 
planning – as many ongoing national research projects 
will have delivered results by then. Therefore, it will 
be possible to demonstrate the proper application of 
such knowledge by sharing it – particularly within 
the Mediterranean area. This should be considered not 
just as a responsibility, but also as an opportunity to 
turn climate change into a ‘climax for change’. With its 
vulnerability to climate change and expertise on energy 
from renewable resources Spain should be considered a 
leading country in this effort.

Regionalized scenarios for climate change

Source: AEMET
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Earth observation and global environmental  
research for adaptation to climate change – 

a Japanese perspective 
Hiroshi Ono, Director, Research and Information Office,  

Global Environment Bureau, Ministry of the Environment, Japan

As climate change becomes a real threat, there has been 
increasing emphasis placed on earth observation and 
global environmental research to help understand and 

assess the potential vulnerabilities and impacts it heralds, as well 
as to enable informed policy-making on mitigation and adapta-
tion. At its third session the Earth Observation Summit, held in 
Brussels in February 2005, adopted a Global Earth Observation 
System of Systems Ten-Year Implementation Plan. The Ten-Year 
Implementation plan made it clear that understanding the earth 
system – including its weather, climate, oceans, atmosphere, 
water, land, geodynamics, natural resources, ecosystems, and 
natural and human-induced hazards – is crucial to enhancing 
human health, safety and welfare, alleviating human suffering 
including poverty, protecting the global environment, reducing 
disaster losses, and achieving sustainable development. The 
observation of the earth system constitutes a critical input for 
advancing this understanding.

In Japan, the government’s Earth Observation Promotion Strategy 
recommended the establishment of a national earth observation alliance 
to enhance cooperation among organizations, ministries and institu-
tions. As such a Japanese Alliance for Climate Change Observation 
(JACCO) was launched in April 2006, co-chaired by the Ministry of 
the Environment, Japan (MOEJ) and the Japan Meteorological Agency 
(JMA). In March 2008, JACCO delivered its first assessment report on 
the needs and priorities of climate change observations. It also functions 
as an inter-agency node to facilitate the accessibility and comparabil-
ity of observation data, as well as the coordinated use of observational 
platforms by relevant organizations.

One of the most innovative initiatives relating to climate change 
observation recently reached fruition, when the world’s first satel-
lite dedicated to the observation of greenhouse gases (GHGs) was 
successfully launched on 23 January 2009 from the Tanegashima 
Space Center in Japan. The Greenhouse gases Observing SATellite 
(GOSAT) – or IBUKI1 as it is nicknamed in Japanese – measures 
the global distributions of carbon dioxide (CO2) and methane (CH4) 
concentrations with 56,000 measurement points, and produces the 
geographical distribution and seasonal and interannual variations in 
the emissions and removals of GHGs. The GOSAT mission is a joint 
effort involving MOEJ, the National Institute for Environmental 
Studies (NIES) and the Japan Aerospace Exploration Agency. The 
analytical results will bring a breakthrough in the scientific under-

standing of the global carbon cycle in relation to the 
atmosphere, land ecosystem and ocean, thus providing 
climate modelers with key information for significantly 
reducing uncertainties in climate change prediction.

In May 2009 the initial analysis of CO2 and CH4 
concentrations was released, though still in the process 
of calibration and validation.  The global distribution 
of average column concentrations analysed by NIES 
using a nine-day data set showed higher CO2 and CH4 
concentrations in the northern hemisphere compared 
with those in the southern hemisphere, which is 
largely compatible with the existing ground measure-
ment results. Although any decisive interpretation of 
individual data could not be derived from this initial 
analysis – since data calibration and validation was 
incomplete – the result positively demonstrated that 
there are no mechanical issues or unexpected prob-
lems in the measurement and data retrieval system. In 
the future, compiled data sets will be provided first for 
researchers contributing to calibration and validation, 
with a calibrated and validated data set expected to be 
released to all users in the next five to eight months.

Global environmental research is another important 
element of helping those in power make scientifically 
informed, sound decisions on mitigation and adaptation 
to climate change. In recognition of this, MOEJ operates 
a competitive grant scheme for global environmental 
research contributing to formulating and implementing 
global environmental policies. The scheme was initi-
ated in 1990 and is called the Global Environmental 
Research Fund (GERF). Since then the GERF has 
played a unique and leading role as a core fund in 
Japan for promoting, global environmental research 
related to the interdisciplinary integration of natural, 
social and political sciences. Impacts, vulnerabilities 
and adaptation relating to climate change are identified 
as high-priority research areas in relation to policy-
making. A current GERF flagship project involves 
the identification of risks and vulnerabilities relating 
to, as well as the quantitative assessment of, climate 
change impacts on key sectors in Japan. The project 
focuses on water resources, human health, agriculture, 
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activities to this end, on both a domestic and interna-
tional scale.

Scientifi c guidance on adaptation framework
Even in developed countries, observational data and 
research results clearly show that various phenom-
ena are rapidly emerging as a result of climate change. 
Because of this, public awareness of the necessity of 
adaptation is growing rapidly. With this background, 
MOEJ published a study report entitled Wise Adaptation 
to Climate Change in June 2008.4 This report assessed 
climate change impacts in Japan and presented basic 
principles for developing adaptation strategies. The 
study proposes a series of scientifically-informed 
precautionary actions including: the maximum use of 
state-of-the-art regional vulnerability assessments; the 
combining of various local adaptation options; and the 
incorporation of future changes in temperature, rain-
fall and sea level into designing adaptation measures 
in advance. 

Integrated scientifi c information for adaptation
The IPCC’s Fourth Assessment Report provides a 
global and regional perspective of climate change and 
its impacts to various sectors. However, specifi c infor-
mation at a national level is essential to examine the 
necessity and extent of concrete adaptation measures 

forest ecosystems, coastal zones and disaster prevention. The latest 
outcomes include the monetization of incremental damages in 
selected sectors toward the end of the 21st century under different 
stabilization scenarios including: 450 ppm-CO2eq, 550 ppm-CO2eq 
and BAU. The results are expected to contribute to the formulation 
of national and local adaptation strategies and plans.

The impacts of climate change are especially severe in highly 
vulnerable developing countries. Various impacts are predicted in 
the Asia-Pacifi c region including: increased fl oods caused by glacier 
melts; increased risk of food shortage; increased fl oods affecting 
coastal mega-cities; and decreased land area of small islands due to 
sea-level rise. In order to address these impacts, Japan is facilitating 
support for and cooperation with developing countries. One such 
initiative includes international research cooperation on global envi-
ronmental change in the Asia-Pacifi c region to enhance developing 
countries’ research capacity. To this end, MOEJ took the lead in 
establishing an Asia-Pacifi c Network for Global Change Research 
(APN)3 in 1996, which now has the participation of 21 countries, 
including 15 developing countries. MOEJ, together with Hyogo 
Prefectural Government, is committed to the further development 
of the APN. By increased support for enhancing scientifi c capacity 
through the APN, Japan is ready to take a leading role to facilitate 
regional climate change assessments and local adaptation actions.

A big challenge ahead of us is how we can formulate and imple-
ment effective adaptation strategies and measures based on scientifi c 
data and information obtained via earth observation and global envi-
ronmental research. Following are some of the highlights of MOEJ 

Initial analysis of CO2 concentrations measured by GOSAT

Column averaged dry air mole fraction derived from uncalibrated nine-day data

Source: JAXA/NIES/MOEJ
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that need to be taken. MOEJ, together with JMA and the Ministry of 
Education, Culture, Sports, Science and Technology, has established 
a scientific panel to develop an assessment report for integrating 
scientific knowledge of GHG monitoring, climate prediction, and 
vulnerability and impact assessment for Japan. The latest scientific 
knowledge – including the results of high-resolution climate model 
simulation using the Earth Simulator, and detailed impact and 
damage estimations – will be assembled in the report. The report is 
expected to be published by October 2009 and will be made avail-
able to those considering adaptation strategies and plans both at 
national and local levels.

International cooperation to share  
adaptation knowledge
The United Nations Environment Programme (UNEP) 
– in collaboration with key UN and other interna-
tional organizations – has proposed the development 
of a Global Climate Change Adaptation Network (the 
Network). The Network aims to enhance the adap-
tive capacity of developing countries by mobilizing 
knowledge and technologies to help build the climate 
resilience of vulnerable human systems, ecosystems 
and economies. To initiate the Network development 
process, UNEP convened an International Consultation 
Meeting on 30-31 October 2008 in Changwon, South 
Korea. The outcomes of the meeting were welcomed 
by many parties of the UNFCCC on the occasion of 
its SBSTA 29, and on other occasions including the 
Conference of Parties (COP) 14. To further elaborate 
the Network activities in a regional context, the Asia-
Pacific regional consultation meeting was held on 2-3 
February 2009 in Tokyo, hosted by MOEJ. The meeting 
reaffirmed the urgent necessity of a knowledge network 
to help developing countries in addressing the impacts 
of climate change. It established an Interim Steering 
Committee chaired by Prof. Masataka Watanabe of Keio 
University, and identified step-wise actions toward the 
establishment of the Asia-Pacific Network including the 
development of an implementation plan for the initial 
phase (2009-2010) with institutional arrangements, 
priority areas and activities, and a detailed timetable. 
MOEJ will fully engage in the establishment and imple-
mentation of the Asia-Pacific Network and hopes that 
tangible progress will be reported by the time COP15 
is convened.

Fourteenth session of the Inter-governmental Meeting of Asia Pacific Network held in March 2009 (Kuala Lumpur, Malaysia)
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Seasonal climate forecasts and  
satellite information: improving decisions  

in the Uruguayan agricultural sector 
Walter E. Baethgen, International Research Institute for Climate and Society, The Earth Institute at Columbia University;  

and Agustín Giménez, GRAS, National Institute of Agricultural Research, Uruguay

Uruguay’s economy is largely dependent – directly or indi-
rectly – on agriculture including crops, livestock and forests. 
The country’s agricultural production is centred on the 

highly-fertile soils of the Pampas, an ecosystem in which temper-
ate and subtropical grasslands are used for livestock production, 
or have been converted to improved pastures and croplands. Large 
interannual and interseasonal climatic fluctuations in Uruguay 
result in high variability in crop and pasture production, as well as 
having a potentially severe effect on the economy. 

Southeast South America has an established El Niño-Southern Oscillation 
(ENSO) signal and, therefore, it has reasonable climate predictabil-
ity – especially during the austral spring and early summer months.1 
Precipitation in this region tends to be above or below normal during 
years with warm or cold ENSO events, respectively. In addition, some 
research results suggest that the impacts of La Niña are stronger and/or 
less variable – in both rainfall and crop yields – than the impacts of El 
Niño.2 Regarding the impact of ENSO phases on temperature, the very 
few studies conducted in Uruguay suggest that the temperature ampli-
tude in northern Uruguay is reduced in El Niño years. The studies also 
suggest that mean temperatures in the whole country tend to be lower in 
La Niña years in all months, with a few exceptions during the summer.3

Recent La Niña-related droughts in Uruguay 
Two La Niña episodes, during 1988-1989 and 1999-2000, had strong 
negative impacts on the Uruguayan economy. Both episodes were char-
acterized by extended periods with reduced rainfall that strongly affected 
the agricultural sector. 

One of the most critical rainfall periods for agriculture in Uruguay is 
late spring and summer (October-February). Average rainfall conditions 
during the summer months, 90-130 millimetres a month depending on 
location, are typically insufficient to compensate for evapotranspiration 
losses. Therefore, pasture and crop growth greatly depends on the soil’s 
ability to store water. Natural grasslands in Uruguay occupy more than 70 
per cent of the total land area and are mostly located in the northern and 
central regions of the country. Soils in these regions are frequently shallow 
(less than 30 centimetres in depth), and therefore possess low water storing 
capacity. Pasture production in these regions is thus highly dependent on 
the rainfall that comes during the late spring and summer months. 

On the other hand, annual summer crops (for example maize, 
sorghum, sunflower and soybeans) require adequate rainfall during the 
critical flowering growth stage. Maize in Uruguay is grown in deep soils 

with relatively large water holding capacity. However, the 
amount of stored water in these soils is typically insufficient 
to satisfy the crop water demand, and yields of non-irri-
gated crops strongly depend on rainfall during the flowering 
months of late December and January.4

In summary, good years in Uruguay for natural grass-
lands in shallow soils and for annual summer crops in 
deeper soils are characterized by larger than normal rainfall 
during late spring and summer. In the two most recent La 
Niña episodes (1988-1989 and 1999-2000), rainfall during 
these critical periods was considerably below average. 

Although the total land area of Uruguay is relatively small 
(approximately 190,000 square kilometres), large spatial 
variability is typically found in the spring and summer 
rainfall across the country’s regions. For example, in both 
1988-89 and 1999-2000 rainfall in spring and summer 
was much lower in the northwest than in the southwest 
or central regions. Also, the negative rainfall anomalies 
in 1999-2000 started earlier and lasted longer than in the 
1988-89 period. 

Responses in the agricultural sector to the 1988-1989 
and 1999-2000 droughts
In 1988 Uruguay had no institutional structures, special poli-
cies or programmes in place to respond to droughts. At that 
time droughts were viewed as very low frequency phenom-
ena that did not justify the development of special structures 
or programmes. As such, governments had typically reacted 
to previous droughts with crisis management responses such 
as special aid programmes for affected regions. 

Research on teleconnections and impacts of ENSO on 
climate in Uruguay was incipient. Ropelewski and Halpert 
had just published the first article showing the correlation 
between ENSO anomalies and rainfall patterns in southeast-
ern South America.5 Climate scientists from the University 
of Uruguay and the National Weather Service were only just 
starting the first research studies on ENSO impacts. 

The 1988-89 drought found Uruguay with no institu-
tional structures, with no capabilities to assess or monitor 
water availability and with incipient research on the ENSO 
impacts on rainfall. Consequently, the government and 
the private sector could only respond to the drought with 
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reached all the major regions of the country. Researchers 
also appeared on several TV and radio programmes and 
prepared numerous articles for the major newspapers. Via 
these sundry communications, the researchers presented 
the results of the latest climate forecasts, the evolution of 
the monitored vegetation status, and the results of the crop 
and pasture simulation models.

This continuous communication between researchers and 
the public and private agricultural sectors provided stakehold-
ers with the most updated, objective and sound information 
on the status and evolution of the drought. Emergency situa-
tions are often characterized by the existence of an overflow 
of information from many different sources, and with varying 
levels of objectivity and scientific soundness. This informa-
tion overflow often causes confusion and hampers private 
and public sector stakeholders taking effective responsive 
actions. In such scenarios identifying trustworthy sources 
of understandable, relevant and actionable information is 
crucial for making decisions at any level. 

Insights derived from the comparative drought study 
include: 
• �Moving from ‘crisis management’ to ‘risk management’ 

requires climate-related information and products that 
are relevant, trusted, timely and actionable

• �Climate related information and products need to be 
communicated to stakeholders in formats that are 
understandable and directly connected to sectoral infor-
mation upon which they can act

• �Information and products can only be effectively applied 
to inform and improve decisions if adequate institutional 
arrangements and policies are in place.

a crisis management approach. In the livestock sector the direct losses 
attributed to the drought due to animal death equalled USD300 million. 
However, the actual losses were much larger, since the reduction in the 
population of breeding animals was felt for several years after 1989. 

Several changes had occurred in Uruguay by the time of the 1999-
2000 droughts. Firstly, the government had created two institutions, 
the National Emergency System (NES) and the National Commission 
for Drought (NCD). The NES is appointed directly by the office of the 
President of Uruguay, and had played a key role in crisis management 
activities during the 1997-98 El Niño floods. The NCD was created under 
the leadership of the Ministry of Agriculture and included representa-
tives of the research community, a few governmental offices and several 
organizations from the private sector.

Also, the National Institute for Agricultural Research (INIA) had 
formed a Climate, Environment and Satellite Agriculture interdiscipli-
nary team (GRAS), which started collaborative research with staff of the 
International Research Institute for Climate and Society (IRI). The INIA-
IRI collaboration included research projects in the following areas: 
• �Applications of seasonal climate forecasts in the agricultural sector 

(with the University of Uruguay) 
• �Development of an information and decision support system (IDSS) 

for the agricultural sector of Uruguay (with NASA’s Goddard Institute 
for Space Studies, the Soils Department of Uruguay and the National 
Agricultural Research Institute of Argentina). 

These research projects became active during the period when the first 
negative impacts of the 1999-2000 drought were being felt in Uruguayan 
agriculture, and proved to have major impacts on the government 
response. The INIA-IRI collaborative projects included the creation of 
a Technical Working Group (TWG) for improving the dissemination 
and applications of seasonal climate forecasts. The TWG was composed 
of agricultural and climatic researchers, as well as by representatives of 
the major farmer organizations, agribusiness and governmental offices. 
The TWG met every three months immediately after the southeast South 
America Regional Climate Outlook Fora (RCOF). During the TWG meet-
ings the climate scientists presented the regional outlook produced in the 
RCOF, as well as the results of their own climate research conducted at the 
national level. The agricultural scientists presented advances on the tools 
to apply climate information, while the stakeholders from the public and 
private sector discussed the results and limitations of the information they 
received. In addition to creating the adequate environment to improve the 
applications of climate information, these meetings were crucial for the 
dissemination of the climate outlooks to the agricultural sector.

Furthermore, the INIA/IRI project for developing the IDSS included 
two activities that were also used extensively by the public and private 
sectors responding to the 1999-2000 drought. Firstly, the IDSS included 
calibrated and tested crop simulation models that were used to identify 
agronomic practices better adapted to the drought conditions. Also, the 
INIA/IRI research group included two types of satellite data: AVHRR and 
Landsat images. The AVHRR images (1 kilometre) were used to monitor 
the vegetation status (NDVI) throughout the season for the entire 
country. Maximum monthly NDVI values were expressed in absolute 
terms and as deviations from long-term mean values. 

All the information produced in these collaborative projects was 
published on the GRAS-INIA web page (www.inia.org.uy/GRAS) where 
it is available to farmers, agribusiness representatives, agronomists 
and government officers. In addition, IRI and GRAS-INIA staff gave 
several live presentations and teleconferences in collaboration with the 
Extension Service of the Ministry of Agriculture and Fisheries, which 

View across the Argentine pampas in summer, with cattle drinking 

water from a pond fed by a windmill water pump
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Beyond the tropical archipelago:  
the provision of climate services in Indonesia 

Sri Woro B. Harijono and Edvin Aldrian, Meteorological Climatological and Geophysical Agency, Indonesia

The maritime continent of Indonesia is one of the few regions 
in the world that covers a vast tropical archipelago. Located 
between two large oceans and continents that create a 

considerable amount of evaporation and rainfall, Indonesia has a 
humid tropical climate and is one of the most vulnerable areas to 
the impacts of climate change. Severe weather and climate extremes 
are set to become more frequent and intense as the direct impact of 
climate change hits. Proximity to the ocean governs most climate 
phenomena in the region, although for many years scientists have 
found that picking up on changing ocean characteristics is useful 
for predicting seasonal climate change. Despite this, the use of 
climate information in this region is still poor. A recent feature 
of escalating extremes in climate includes the strengthening and 
more frequent occurrence of El Niño-Southern Oscillation (ENSO), 
leading to longer periods of drought. When ENSO last occurred, 
the drought period was followed by forest fires in Sumatera and 
the Borneo islands, causing transboundary smoke-haze pollution. 
With a common expectation that events like this will occur more 
often in the future, Indonesia must make use of its climate informa-
tion to become more prepared. 

Historical background
Indonesia’s provision of weather and climate information services 
can be traced back to the Dutch colonial era of the 19th century when 

information was used by plantation companies all over 
the archipelago. Since gaining independence, climate 
services in the country have focused on characterizing 
annual monsoon cycles, and wet and dry seasons for 
the agricultural sector and the management of water 
resources. It has long been recognized, however, that 
at present these services are not yet adequate enough to 
provide information for the entire population. 

As the need for sectoral adaptation strategies has grown 
with the realisation of the severity of the impacts of climate 
change, the role of the Meteorological Climatological and 
Geophysical Agency (BMKG) has evolved. Until mid 
2007, the function of the climate service division was 
purely to act as a supplement to the country’s weather 
services. Now, this division has been elevated to one of 
the pillars of the institution and the term ‘climatology’ has 
been introduced into the institution’s name following a 
presidential decree in mid 2008. Currently, there are two 
kinds of climate information service provided by BMKG: 
a climate variability service and climate change service.

Servicing climate variability information
The Center for Climate, Agroclimate and Marine 
Climatology at BMKG provides climate services and 
information for the agriculture, water resource and 
marine sectors – including seasonal climate predictions 
for flooding, climate information for crop suitability 
and marine climate information. 

BMKG has a long history in providing climate informa-
tion for the agricultural industry. Recently, several districts 
in Indonesia have piloted agriculture extension activity 
projects with the aim of getting local farmers accustomed 
to using climate information that relates directly to their 
livelihoods. The result of this has been very positive, most 
notably in Indramayu – the ‘rice bowl’ district in West Java 
– where economic and welfare conditions have improved 
significantly because of the intensification of agricultural 
activity. The success of this programme relies on BMKG’s 
ability to translate scientific language into a language the 
farmer can easily understand. This is a task carried out by 
people working for the project. 

Sustaining water resources
Another key function of the climate service at BMKG is to 
provide information for the management of Indonesia’s 
water resources. The water authority in West Java in 
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Forest fire usually follows the long drought caused by severe El Niño conditions. 

Climate information services to predict the dry condition far in advance will help 

mitigate the devastating impact of the forest fire
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ing its policies towards agriculture, and the distribution, 
enhancement and storage of water. 

Air quality information
The Center for Climate Change and Air Quality is a new 
BMKG centre that deals with providing services and infor-
mation about climate change and air quality. One of its 
core purposes is to measure the ambient carbon dioxide 
concentration across Indonesia, which it then compares 
to measurements taken by the Global Atmospheric 
Watch – the worldwide system established by the World 
Meteorological Organization to monitor trends in the 
Earth’s atmosphere. So far, carbon dioxide levels meas-
ured in Indonesia are much lower than the global average. 
The Center for Climate Change and Air Quality is also 
conducting research into Indonesia’s paleoclimate, using 
records from tree rings and ice sheets. 

The national adaptation and mitigation policy
Following the presidential decree in 2008 to set up the 
National Council on Climate Change, nine development 
sectors for a climate change adaptation focus strategy 
have been set up. Based on the national action plan 
and referring to the United Nations Intergovernmental 
Panel on Climate Change (IPCC) Fourth Assessment 
Report, BMKG will provide a comprehensive range of 
products to help such sectors as agriculture, energy, 
health and fishing plan for and put into practice climate 
change adaptation strategies. For the agricultural indus-
try, the adaptation programme provides seeds as well as 

particular benefits from such information. It controls the cascad-
ing hydro dam, which serves the capital city Jakarta, the ‘rice bowl’ 
of several districts along the north coast of West Java, and provides 
power for the national electrical company. As well as this, a coordi-
nation meeting involving the water resource authority, all related 
stakeholders and BMKG is held on a routine basis. At each meeting 
presentations are given regarding current monitoring and evaluation 
of ongoing water management activities. Possible water management 
options include discharge control, electricity power management, water 
holding and weather modification. The weather modification option 
is currently considered to be a last resort for when water availability 
in the cascading dam is scarce. So far, climate information services for 
the water management authority in the region have been extremely 
successful in maintaining the activities of the most fertile region in the 
country and providing a good water supply to the Jakarta area. 

The national food policy
At a national level there is a committee for dealing with climate 
variability and its impacts on agriculture. In particular it deals with 
issues relating to ENSO and its affect on the national food policy. The 
committee holds a meeting twice a year before the dry season and wet 
season. Although some consider the dry season meeting to be too 
early (it is usually held at the end of April), the information provided 
at it is key to deciding the national food policy, especially regarding 
rice, the nation’s staple food. Decisions made at the meeting have a 
significant impact on many of the country’s forthcoming activities. 
In recent years, wetter climate conditions have meant that there has 
been no need to import rice. When ENSO causes long droughts in the 
country, the government will need to take necessary actions to sustain 
food and water resources. This may involve importing rice and adjust-

Flood occurrence has become more frequent in recent years. Heavier rainfall intensity related to the several regional phenomena such as active Madden-

Julian Oscillation phases, cold surge and divergent disturbances can lead to severe flooding in the Jakarta metropolitan area
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information about crop plantation seasons and crop variety. For the 
energy sector, the aim is for Indonesia to become self-sufficient and 
look at using wind and solar energy. For the infrastructure sector, 
the aim is to develop Indonesia’s water resources, have roads with 
proper drainage, and build water reservoirs below roads. For coastal 
zone infrastructure, the adaptation programme is looking to set up 
wave barriers, sand dune protection and buffer pools as sea levels 
rise. For tourism, the adaptation strategy is to adequately support 
the planning and design of facilities and tourist attractions. For the 
forestry sector, such programmes as the Reduced Emission from 
Degradation and Deforestation programme and the National Forest 
Rehabilitation programme have been set up. Efforts are also under-
way to mitigate the occurrence and severity of forest fires. Finally, 
for the water resource sector, the adaptation programme is dealing 
with the operational improvement of dams. 

Guided by the National Action Plan on Climate Change, 
the IPCC assessment report and outcomes of United Nations 
Framework Convention on Climate Change (UNFCCC), each 
sector has developed these action plans to meet the Indonesian 
government’s midterm (five years) government policy strategy to 
restructure according to climate change. This government policy is 
derived from long-term climate scenario projections and BMKG is 
playing a major role in this, by providing all the climate informa-
tion required. In 2009, the government also set up a new legislative 
act on meteorology, climatology and geophysics. This new act will 
endorse the strong participation from all community levels, as well 
as weather, climate and geophysics information services. The act 
will also put more pressure on relevant stakeholders to strengthen 
weather and climate data systems for the use of the nation. 

International roles
The Indonesian government has been particularly active in partici-
pating in international climate debate and policy making. The 2007 
Bali Action Plan, a result of the UNFCCC Conference of the Parties 
(COP) 13, was a momentous event for climate change policy under 
the UN framework. This action plan has set Copenhagen COP15 
up to replace the aging Kyoto Protocol with a new regime. Other 
international level climate events have been equally successful. 

The Manado World Ocean Conference in Indonesia, 
for example, which focused primarily on the effects 
of climate change on the ocean, led to the May 2009 
Manado Ocean Declaration. 

Further highlighting its commitment to dealing with 
the scientific issues of the climate change, Indonesia 
will host the 31st Intergovernmental Panel on Climate 
Change session in October 2009. It is also playing an 
active role in the preparation for the World Climate 
Conference-3 in 2009. 

At a regional level, BMKG is actively involved as a 
subcommittee on meteorology and geophysics research. 
It is engaged in several activities including regional train-
ing on climate modelling and the training of regional 
meteorological service officers in agroclimatology. 

What is still left to do?
Despite Indonesia’s ongoing efforts to deal with climate 
change, it is still suffering from inadequate climate informa-
tion services. Besides its lack of facilities, the country is still 
limited in its knowledge of climate issues and lacks a basic 
understanding of how climate change really occurs and how 
it will impact in the long-term. Knowledge of events related 
to climate phenomena such as monsoons, for example, is 
also weak. This is largely because basic climate informa-
tion is still derived from statistical analyses rather than from 
dynamical analyses and decisions are made based on indi-
rect output from other regional climate centres. There is 
a need, therefore, to have better tools for climate analysis 
and to promote enhanced cooperation between established 
climate centres across the country to improve the provision 
of information.  

Considering the vastness of Indonesia, there is 
a vital need to develop a regional analysis and data 
assimilation technique. Future climate prediction 
must also incorporate ocean climate models. At the 
moment, information about the region’s surrounding 
marine climatology is not well developed and estab-
lishing even a basic knowledge of the ocean around 
the region requires considerable effort. For all of these 
reasons, BMKG is advancing its research and devel-
opment division to overcome these problems. BMKG 
must also look to improve its performance by provid-
ing better climate data with an integrated system. In 
the future, BMKG will develop a national meteoro-
logical climatological early warning system to detect 
climate extremes. 

Finally, making the public aware of the importance 
of climate information is essential. Although most are 
already inherently aware of climate – since it affects 
their day-to-day activities – a lack of true knowledge, 
combined with the perception that extra informa-
tion is unnecessary means that general public climate 
awareness is still low. Even in business and economic 
activities, climate factors are rarely included in deci-
sion-making policies and climate is still not considered 
enough when it comes to taking out insurance. These 
issues are something BMKG needs to work on in the 
near future in order to better provide for the region. 

 

 

Climate field schools use climate information to help farmers optimize their 

plantation period and increase agricultural produce
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Arguably no other branch of the earth sciences has 
relied more heavily on extensive, systematic long-term 
observations than meteorology. The complex thermo-

dynamical nature of the atmosphere and the non-linearity of 
the interactions between the various forces at play, render 
meteorology a difficult topic for study using the formal equa-
tions of motion and the laws of thermodynamics. Using the 
most powerful computers available, the generation of weather 
and longer-term predictions relies on a vast and continuous 
influx of observational data – not only from the atmosphere, 
but also increasingly from the other earth system domains. 
Forecasts, while more accurate and precise than ever, retain 

levels of uncertainty that will never be entirely 
eliminated and increase with the length of the 
forecast period.

Defining the climate
The sub-discipline of climatology, which is the 
study of the nature of the statistical outcomes of 
weather over a period of time and the underlying 
earth system forces, is also rooted in the practice of 
taking systematic observations. Indeed, the original 
purpose for collecting meteorological data was the 
need to understand the nature of climate at a given 
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Australia has one of the most variable climates in the world and drought is common throughout much of the land.  However, desiccated scenes can turn around 

very rapidly with just one season of good rainfall
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an adjacent building – remains an ongoing challenge. 
Through careful archiving and analysis, however, 
Australia now has sufficient data to represent, with a 
fair degree of accuracy and on at least a daily basis, the 
variations of weather and climate across the breadth of 
the land for the past 100 years. 

In 1967 drawing on more than 60 years of monthly 
rainfall records from around 6,000 locations around 
Australia, W.J. Gibbs and J.V. Maher of the Australian 
Bureau of Meteorology developed a method of using 
rainfall deciles as drought indicators. For any location 
or region where the aggregated rainfall over a period 
of three calendar months or more was below the first 
decile (lowest 10 per cent of all historical rainfalls 
for that period), the rainfall was considered to be 
seriously deficient. Interestingly, in the announce-
ments that followed the delineation of extended 
areas of seriously (or severely) deficient rainfall, the 
term ‘drought’ was not used. There was recognition 
that lack of rainfall alone might not be adequate for 
determining that agriculture was being stressed to 
the point where government assistance was required. 
Nonetheless, the Australian Drought Watch Service, 
which continues to operate on the same basic princi-
ples, represents one of the first examples of a routine 
systematic community service based on the rigorous 
use of climatological data.

A lesson learnt
The management of Australia’s water data was not 
centralized following the federation and remained 
the responsibility of individual states and territories, 
devolving down in fact to more than 200 individual 
agencies and authorities across the nation, with a 
consequential set of disparate standards for recording 
and reporting on water resources. In its centenary year, 
following an extended period of rainfall decline across 
the southern Murray-Darling Basin – Australia’s major 
agriculturally productive region – the Water Act 2008 
was passed, which gave responsibility for the develop-
ment of national water accounts and water resource 
assessments to the Bureau of Meteorology. The actual 
recording and primary collection of water data remains 
a devolved responsibility, but the standards and regu-
lations for carrying out these functions are set and 
maintained by the Bureau of Meteorology, which is 
now archiving the data in a central repository called 
the Australian Water Resources Information System.

Synoptic climatology
Another critical outcome of the systematic collection 
of meteorological and related data (including from 
oceanic regions) was the ability to study the nature 
and ultimately the causes of Australia’s highly vari-
able climate. While it had been thought by some that 
external forces such as sunspot activity and even 
periodic meteorite showers were a possible cause of 
recurrent drought over Australia, it was the linking 
of the atmosphere-based Southern Oscillation to the 

locality. Responding to the general characteristics of weather 
conditions at different times of the year is a fundamental 
rhythm in all living systems, and human societies have always 
sought to understand and use knowledge of the seasonal cycle 
to their advantage. The increasing rigour in the application of 
scientific method throughout Europe and elsewhere following 
the Enlightenment, saw the beginning of systematic recordings 
of meteorological variables such as rainfall, wind and tempera-
ture. In addition, a wide range of phenological data relating to 
climatic events – such as the first and last dates of frost, the 
thawing of rivers and the migratory habits of birds – began to 
accumulate in Europe and in other advanced civilizations. 

All this collecting of data resulted in the conception of ‘the 
climate’, which once defined would provide a strong guide on 
what it was feasible to do and when it could be done, across a 
wide range of human activities sensitive to the prevailing weather. 
The early history of climatology saw the development of system-
atic characterizations of climate in terms of the natural vegetation 
that it supported. The first comprehensive attempt to classify 
world climate along these lines was that of a Russian climatolo-
gist, Wladimir Köppen at the beginning of the 20th century, with 
later modifications by the German climatologist Rudolf Geiger. 
An American climatologist, Charles Thornthwaite, with access to 
an increasing body of archived meteorological data, was able in 
1948 to incorporate factors such as evapotranspiration rates to 
help delineate different climatic zones. 

Climate is variable
Once devised, these climatic classifications were essentially 
static, underpinned by the notion that climate could be relia-
bly defined by around 30 years of data – the period over which 
climatic ‘normals’ were derived. As the data collections grew over 
time it became clear that there could be significant differences 
between the climatic statistics of consecutive 30-year normals for 
any location, and hence there was potential for changes in the 
vegetation and broader ecosystems that could be supported. The 
notion that climate significantly varied only on glacial/intergla-
cial timescales had to be well and truly set aside.

The inherent variability of climate across all timescales was 
no more evident in reality than in Australia. Since the arrival 
of the first settlers at the end of the 18th century, the norms 
of European agriculture were time and again confounded by 
recurrent and crippling periods of drought. Indeed the history 
of Australian agriculture has been one of good years and not 
so good years, punctuated every so often by multiple years of 
drought with catastrophic crop failures. 

Establishing a climate service
In 2008 the Australian Bureau of Meteorology celebrated its 100th 
year of existence, having been formed shortly after the federation as 
the national agency for: ‘taking and recording meteorological obser-
vations’. One of the most significant outcomes of this transfer of 
responsibility to a single national authority was the standardization 
of how meteorological observations should be made. Hitherto there 
was a wide variation between the Australian State authorities in the 
way meteorological instruments were exposed and how recordings 
were made. Ensuring that meteorological records truly reflect the 
prevailing weather and climate and are not contaminated by local 
effects – such as growth in nearby vegetation or the erection of 
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recurring ocean-based El Niño phenomenon in the eastern Pacific 
that revealed the true nature of Australia’s highly variable climate. 
Recent research on somewhat more subtle variations in atmos-
phere/ocean interactions of the tropical India Ocean suggests a 
further layer of complexity.  

The continuous flow of observations from the atmosphere 
and the oceans together with adequate computing capacity now 
enable climate to be treated synoptically, with analyses of rain-
fall, temperature and other variables routinely available within a 
few hours of the end of an averaging period (typically a calendar 
month). Using base climates, derived from the more than one 
hundred years of historical data, it is now possible to determine 
with a high degree of precision a wide range of anomaly and 
extreme value statistics for a month or a season just completed. It 
is estimated that users of the Australian Bureau of Meteorology’s 
website have virtually instant access to several thousand differ-
ent forms of analyses on the nature of the climate for any given 
month across the breadth of the country, or for specified regions.

Predicting climate – the future
As for weather, establishing the current state of the climate 
system through synoptic analysis is only part of the challenge. 

Since the mid 1980s, seasonal forecasts of expected 
rainfall and temperature anomalies have been issued 
by the Bureau of Meteorology for Australia using 
the Pacific Ocean (El Niño-Southern Oscillation) 
and Indian Ocean relationships. The modest skill 
of these statistical forecasts, while real and useful, 
is inconsistent throughout the year and varies 
from region to region. Strong trends in rainfall 
and temperature over the past few decades for 
large areas of Australia have further brought into 
question the reliability of the forecasts. A major 
research effort is now underway in Australia and 
elsewhere to develop dynamical, computer-based 
models of the coupled earth system, that can be 
used to predict the variability in climate from 
weeks through seasons to periods of a decade or 
more. While predictions from these experimental 
models have yet to attain sufficient skill for them 
to be used operationally for rainfall and tempera-
ture outlooks, they are coming tantalisingly close to 
achieving this goal and will very likely do so within 
the next five to ten years.

Depleted Corin Reservoir near Canberra. Australia has developed a number of very large reservoirs that are used to supply water for irrigation and its major cities 

during periods of erratic rainfall or longer intervals of drought.  The prolonged drought that occurred over the 10-15 year period across much of southeastern 

Australia leading up to 2009 led to a massive depletion in these reserves, which will likely take many years of better than average rain to replenish
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International training programme on  
climate change – mitigation and 

adaptation – a Swedish experience 
Sten Bergström, Swedish Meteorological and Hydrological Institute

Commissioned by the Swedish International Development 
Cooperation Agency, the Swedish Meteorological and 
Hydrological Institute (SMHI), along with its partners 

SWECO AB and the Stockholm Environment Institute (SEI), 
organizes advanced International Training Programmes under 
the title ‘Climate Change – Mitigation and Adaptation’. These 
programmes consist of a four-week training course in Sweden, 
followed by six to eight months of work on an individual project, 
as well as a follow up seminar in Asia, Latin America or Africa. 

The overall objective is to transfer and increase knowledge and capac-
ity related to climate change and its consequences. A further aim is to 
develop and spread methods for identification of vulnerable sectors in 

society – from both a national and international perspec-
tive. Mitigation, society’s adjustment to the future climate 
and the development of action plans are other important 
aspects covered in the training programme. Individual 
projects are carried out as part of the programme, but at 
the participant’s home organization location.

 The International Training Programme is designed 
for individuals active in reform processes of strategic 
importance at various different levels, as well those 
who have management – or other key positions – 
in organizations related to national, regional or local 
community planning. In addition would-be partici-
pants are expected to be well acquainted with climate 
change issues from a society adaptation perspective, as 
well as having a technical, scientific or social science 
degree at university level (or equivalent). From a long-
term perspective it is hoped that the programmes will 
contribute to the strengthening of institutions and 
capacity building in the participants’ home countries. In 
summary, the programme is designed for participants 
from ministries, authorities (local, regional or national), 
environmental institutes and research organizations, 
non-governmental organizations, consulting firms and 
industries. 

Three of the weeks in Sweden are hosted by SMHI in 
Norrköping, with the one remaining week hosted by 
SWECO in Stockholm. Lecturers come from the host 
organizations or from other institutes or universities in 
Sweden and abroad.

Programme outline
The training programme has four main components: 
preparation in home country; training programme in 
Sweden; project work in home country; and regional 
seminars.

The selection of participants is based on a formal 
application process. It consists of a brief presentation 
from the applicant, including an outline of his or her 
role in the home country, as well as a description of the 
individual project work that he or she would like to 
carry out as a part of the programme.  

Participants are selected and confirmed by the 
programme organisers and immediately afterwards 

Governance and Policy

Participants waiting for the tram in winter weather in Norrköping, Sweden, March 2009
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is available, mostly via e-mail, to discuss and help 
draft the report. The participants are also encouraged 
to present their project results to colleagues in their 
home organization and together with them define 
complementary work to be done during this phase. 
Finally, a written report on the outcome of the indi-
vidual project and a verbal presentation are prepared 
for the regional seminar. 

There are two regional seminars held six to eight 
months after the course in Sweden involving lectures 
on specific climate related topics provided by regional 
experts. Each participant attends one of these, depend-
ing on their geographical location. The main focus of 
the regional seminars is the presentation and discus-
sion of individual projects, with each participant acting 
as an ‘opponent’ to one of the other individual project 
presentations. The regional seminars also have open 
sessions with contributions by local lecturers from the 
region. These seminars constitute the formal ending 
of the International Training Programme on Climate 
Change – Mitigation and Adaptation.

During 2009 seminars have been held in Namibia and 
in Senegal and are planned in Tanzania and in Vietnam. 

Experience so far  
The advanced International Training Programme on 
Climate Change – Mitigation and Adaptation has so 
far been carried out five times, which has involved 
a total number of approximately 125 participants – 
coming mostly from Africa, Asia, Latin America and 
the Middle East. 

SMHI has previously organized International 
Training Programmes in the fields of air quality and 

develop a detailed plan for their individual projects. This includes 
preparation of a brief verbal presentation to be given and discussed 
during the stay in Sweden. The participants are also assigned a facili-
tator in Sweden, who acts as supervisor and provides support for the 
participants during project work.

During the four weeks of training in Sweden the following topics 
are addressed:
• The greenhouse effect and impacts of climate change 
• �Strategic planning to counteract the causes of climate change 
• Impacts on water resources and coastal zones 
• �Impacts on agriculture and forestry and the need for preventive 

action 
• �Community planning, vulnerable sectors, interdisciplinary plan-

ning and cost benefit analysis 
• �Strategic planning pertaining to potential positive consequences 

of climate change 
• Information, education and public participation. 

The training is based on lectures, demonstrations, group discussions, 
exercises and study visits to relevant industries and institutions. The 
participants are divided into ‘theme groups’ where individuals with 
similar interests are more likely to meet and interact. There is also 
time for developing individual projects through discussions with 
other participants and the assigned facilitators. These group exer-
cises provide the participants with both theoretical knowledge and 
practical experience, as well as bringing different nationalities closer 
together. Thus they are an essential aspect of the programme. It is 
also significant that the training programme provides a forum for 
discussions and an exchange of experience between participants, 
lecturers and specialists. 

During a period of six to eight months after the Sweden visit, 
the participants continue with their individual projects according 
to the plan developed during their stay. The Swedish facilitator 

Group discussion at SMHI, March 2009 The participants of the regional seminar in Hanoi, Vietnam, October 2008
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water resources, so is far from inexperienced in the process. 
However, the organization of this particular training programme 
has been something of a challenge due to the strong interdiscipli-
nary factor. Never the less, the overall experience has proven very 
positive and it is obvious that this type of training programme 
fulfils a need for many institutions in developing countries. In 
Sweden it has meant new contacts and has also provided valu-
able new perspectives on the country’s own climate concerns. 
Notably, in contrast to the challenges that poorer countries are 
facing in relation to climate change, those of rich Nordic coun-
tries seem really quite manageable. The programme has also 
resulted in a network forming between the participants and host 
organizations, which will hopefully prove fruitful with regards 
to future cooperation. 

The concept of utilising individual projects and regional seminars 
has created continuity and brought realism into the whole process. 
It demands long-term engagement from the participants, as well 
as commitments from their home organizations. It is also very 
stimulating for SMHI staff to observe and learn from local climate 
situations to gain an understanding of the conditions for mitigation 

and adaptation in the participant countries. The indi-
vidual projects have covered a wide range of topics from 
local educational programmes and local climate adap-
tation problems to long-term planning of mitigation 
and adaptation strategies. The input from individual 
projects to the course has contributed to its continuous 
development and improvement, as it has given the host 
organizations realistic and practical examples based on 
the local conditions in participating countries. 

Hosting some 30 people from mostly warm climate 
zones in Sweden during four dark and cold winter 
weeks has perhaps been the biggest challenge for 
SMHI. However, in general, this social challenge has 
been addressed superbly, with participants and the 
SMHI staff engaging in various social activities, includ-
ing ice skating. Participants have also been invited to 
the homes of staff members to experience the every-
day routines of Swedish living. This has brought a new 
dimension into the lives of the participants, as well as 
of the SMHI staff. 

Excursion in the Thukela catchment – an agrarian area close to Pietermaritzburg – during the regional seminar in South Africa November 2007
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Making stream flow monitoring  
work for biodiversity and social justice 

Nicky Allsopp, South African Environmental Observation Network

How does a long-term programme monitoring flow rates 
from afforested mountain catchments result in a ground-
breaking poverty relief programme? The Working for 

Water programme of the South African Government uses scien-
tific evidence to justify the removal of invasive alien plants on 
the basis of their detrimental economic impact, whilst providing 
employment for unemployed people. This evidence derives from 
a monitoring programme started several decades earlier with 
quite different objectives.

In 1935, at the fourth Empire Forestry Conference, hosted in South 
Africa, concerns of farmers’ associations that plantation forestry 
was drying up rivers were debated. Swift action followed with the 
establishment of a forestry research station that year at Jonkershoek, 
near Cape Town. The first stream flow gauging weirs, based on the 
paired catchment principle, began monitoring water runoff in 1937. 
Following the Second World War a network of gauging weirs was set 
up in mountain catchments around the country in different climatic 
regions, with different vegetation. The Jonkershoek data represent 
some of the oldest stream flow monitoring records in the world. 
Monitoring stream flow is important in South Africa as surface runoff 
accounts for 77 per cent of the country’s current water usage. 

The resulting stream flow catchment monitoring data 
confirmed that plantations of exotic trees used more 
water than indigenous vegetation. These data were 
used to regularize the forestry industry and, as a conse-
quence, practices adopted to ameliorate water use by 
plantations enabled the forestry industry to recently 
attain Sustainable Forestry Certification.

In South Africa, most of the invasive alien plant species 
are woody plants, many of which have spread from 
plantations. They have invaded all important terrestrial 
biomes, cover about 10 per cent of the land surface and 
most riparian systems, and threaten much of the unique 
biodiversity of the country.1 It is recognized that inva-
sive alien vegetation impacts ecological functioning and 
ecosystem services, invades otherwise productive land 
and intensifies the impacts of fire, floods and soil erosion. 

Data from the experimental catchments were used to 
show that almost 7 per cent of water resources were being 
lost to invasive plants in the catchments and along rivers, 
and in cities like Cape Town, 30 per cent of available water 
was lost to these plants.2 Furthermore, clearing invasive trees 
could be done at a fraction of the cost of building new water 
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Fynbos vegetation in South Africa (foreground) being invaded by pines escaping from plantations (background)
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Although the winning point for this programme is 
its ability to provide employment, many other indirect 
consequences of the programme improve people’s general 
standard of living. South Africa’s targets to provide most of 
the population with potable water and sanitation are reliant 
on sufficient water resources. This is a challenge in a largely 
arid country. Water that otherwise would be lost is now 
available for agriculture, urban and industrial use. Clearly, 
water saved from alien plants can contribute to ensuring a 
better future for the people of South Africa.

Ironically, just as Working for Water was being 
conceived, the monitoring that justified it was being shut 
down in the early 1990s by the government forestry divi-
sion, who could see no further use in quantifying water-use 
by plantations. Only the original weirs at Jonkershoek 
continued to be monitored by the Council for Scientific 
and Industrial Research. These faced closure in 2007 when 
government funding ceased. The newly created South 
African Environmental Observation Network, or SAEON, 
stepped in to secure the monitoring whilst negotiations 
were underfoot. Fortunately, a change of perspective in 
decision-making circles has made the future of catchment 
monitoring more secure. It has been recognized that flow 
data is relevant far beyond commercial forestry, particu-
larly in understanding the relationships between rainfall 
and runoff in a changing climate. In addition it is recog-
nized that if we are to understand the direction and nature 
of climate change in a country where climate is naturally 
highly variable, long-term records are essential. If we are 
to ensure that water continues to play its social, economic 
and ecological roles from source to its eventual sink in 
our oceans, then an integrated monitoring and research 
approach – moving away from narrow sectoral inter-
est – is needed. Adaptation to altered water delivery is 
also highly dependent on understanding what happens to 
water as it enters the cycle.

In international literature on public works the multi-
ple objectives of the South African Working for Water 
programme have been described as being without precedent. 
In biodiversity circles it is lauded as the largest environmen-
tal management programme in Africa. Among many policy 
decision-making processes which impact people as well 
as the environment, Working for Water stands out as one 
where scientific evidence is evaluated, progress is monitored 
and assessed in both the biodiversity and social spheres and 
new research is commissioned to ensure that decisions are 
underpinned by as sound evidence as is available.5 Yet in 
the 1930s when the catchment monitoring programme was 
launched, these outcomes could not have been foreseen. 
This suggests that whilst monitoring programmes need to 
be based on sound scientific reasoning, we should be open 
to unintended results. We should also protect environmen-
tal monitoring programmes from the vagaries of narrow 
and sectoral interests that may threaten their continued 
existence. The challenges we face need interdisciplinary 
approaches and, it can be argued that, support for environ-
mental monitoring programmes will be strengthened, and 
their results be more broadly useful, if they are initiated in 
partnership with people from different sectors.

 

supply infrastructure. If invasive plants are not kept in check it is likely 
that they will double their stream flow reduction impacts in 15 years.

But could evidence that invasive plants used more water than 
indigenous vegetation be sufficient to muster the kind of resources 
needed to eradicate them? For several decades environmental volun-
teers and conservation agents had been clearing invasives with 
limited resources and not much hope of making an impact. 

In 1994, South Africa had its first democratic elections and with these 
came hope that some intransigent problems could be solved. It took a 
group of scientists convinced of the need for action based on the stream 
flow evidence, a far-sighted government minister and a big dose of 
serendipity to create a solution. If poverty alleviation could be linked to 
invasive alien plant control then funding could be attained for clearing. 
From this, the Working for Water programme was born in 1995.3 

Poverty, exacerbated by widespread lack of skills training, is 
recognized as one of the biggest problems facing South Africa. Large 
sectors of communities, including rural communities, face the pros-
pect of almost permanent unemployment. Those hardest hit by this 
are women and young people, who with low education and no skills 
struggle to enter employment. 

Working for Water engages otherwise unemployed people to clear 
invasive alien plants using an integrated approach of physical clearing, 
chemical treatments and biocontrol to tackle the problem. From 30 
projects in 1995, there are now 300 clearing projects. Almost 20,000 
previously unemployed people are employed a year. Programme manag-
ers aiming to meet targets to engage women, young people and disabled 
people ensure that 53 per cent of those employed are women, 22 per 
cent are young people and 0.6 per cent are disabled. Social development 
programmes run parallel to the clearing programme. These are oper-
ated in partnership with other organizations and include establishing 
childcare facilities for communities where Working for Water is active, 
HIV and AIDS education programmes, and a programme to reintegrate 
ex-offenders into the workplace, as well as training in clearing, restora-
tion and workplace health and safety issues. Training is also given in 
business skills to develop contractors from disadvantaged communities 
who then manage the clearing teams and, it is hoped, will be able to take 
up private clearing contracts.4

Run off from mountain catchments has been measured since 1937 with 

continuously-recording stream flow gauges such as this one at Jonkershoek, 

South Africa
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Adapting to climate change and variability 
Jorge F. Carrasco, Dirección Meteorológica de Chile, Dirección General de Aeronáutica Civil

The Chilean continental territory is located on the western 
side of South America between 17°30’ and 56°30’ S. It has 
a total surface area of 756,096 kilometres squared, which 

spans 4,300 kilometres from north to south and is limited to the 
west by the Southern Pacific Ocean and to the east by the Andes 
mountains. With this geographical location, Chile is character-
ized by a large variety of climates: being home to one of the driest 
places in the world (the Atacama Desert) as well as the cold and 
snowy Patagonian ice fields. From an atmospheric viewpoint, 
the climate is determined by the presence of the permanent 
Southern Pacific high-pressure centre, the westerly circula-
tion and the summer monsoon type circulation in the southern 
Amazon basin. The annual cycles in temperature and precipita-
tion, as well as other meteorological variables, are related to the 
seasonal variation of these features and their interannual vari-
ability is mainly associated with El Niño Southern Oscillation 
and the Antarctic Annular Mode. Interdecadal changes can be 
related to the Pacific Decadal Oscillation (PDO) and secular 
long-term tendencies can be attributed to the greenhouse effect. 

The IPCC Fourth Assessment Report indicates an overall warming, 
ranging from 0.2 to 1.1ºC in the northern, central and southernmost parts 
of Chile, while it revealed a cooling of -0.2 to -0.5ºC in the region between 

38 and 43ºS during the 1901-2005 period. However, an 
overall cooling of -0.2ºC per decade has occurred in the 
northern and central coast of Chile (17º-37ºS) along with 
a warming of +0.25°C per decade in the inland and Andes 
sectors during the period 1979-2006. This coastal behaviour 
is associated with the PDO, which showed a phase change 
during 1976-77. 

The secular precipitation behaviour during the 1950-
2006 period shows no statistically significant tendency 
for the central (30-38ºS) and southernmost parts of Chile 
(south of 52ºS), while a decrease in precipitation does 
occur in the southern part between 38° to 46ºS, which is 
statistically significant in some locations. Although the 
scarce precipitation records in the northern Altiplano allow 
only a limited examination of the precipitation trends, the 
long-trend behaviour at Visviri, which can be considered 
a reference station in the region, reveals a slight overall 
increase (not statistically significant) of between 10 and 14 
millimetres per decade during the full 1962-2003 period, 
although a non-significant negative trend is observed since 
the mid-1980s. 

In terms of interannual climate variability, El Niño 
Southern Oscillation is the main natural mechanism that 
strongly influences the precipitation regime in the north-
ern Altiplano and the central parts of the country. Most 
wet years in central Chile are related to El Niño, and dry 
years with La Niña, while in the Altiplano the wet summers 
are mostly associated with La Niña and dry summers with 
El Niño. Seasonal sea surface temperature forecasts have 
significantly improved during recent decades, allowing for 
predictions of the development and future stages of El Niño 
Southern Oscillation. This has made possible the develop-
ment and implementation of the statistical seasonal forecast 
(three months in advance) for precipitation and tempera-
ture in the Chilean National Weather Service. The climate 
variability and the climate seasonal prediction are priority 
issues because of the immediate impact that precipitation 
has on many sectors. For this reason, these forecasts are 
issued every month and are publicly available on the insti-
tutional webpage. They are also sent to the Secretary of 
Agriculture, National Emergency Office, Water Resources 
Office and Secretary of Energy – among other organizations 
– for specified purposes. 

The Intergovernmental Panel on Climate Change (IPCC) 
global climate model projections for different scenarios for 
the end the 21st century show an overall warming of at least 
+2 to +4°C with respect to present conditions (1961-1990 
period). This prediction is for the entire country, with the 
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Future decrease in precipitation in central and southern Chile will have a strong 

impact on water resources (Rapel Dam)
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A first step was taken with the generation of climate 
scenario simulations using the Providing Regional 
Climates for Impacts Studies (PRECIS) regional model, 
developed by the Hadley Centre at the UK Met Office. 
Simulations were performed by the meteorology group 
at the University of Chile and were carried out for A2, 
B2 and the baseline (1961-1990 period) scenarios with 
a resolution of 25 kilometres.1 

The agriculture sector in particular will be affected by 
climate change, and will benefit from using the simulation 
results. A warmer climate will affect the precipitation system, 
the amount of winter snow on the Andes Mountains, the 
terrestrial flora and fauna and the spread of diseases. To 
minimize, or at least manage the impacts of temperature 
increase, the simulations can be used to determine when, 
for example, chemical substances may be used to counteract 
effects of a rise in temperature. Some of the most vulnerable 
agriculture systems are those in dry land prairie in central 
Chile, where exotic forest species like pine and eucalypt 
grow. Also, the warmer environment and the decrease in 
water availability will impose hydro-stress on plants with 
consequences on their growth and even survival. As the 
forestry and agriculture sectors are crucial to the country’s 
development, it is necessary to evaluate future scenarios for 
adaptation. CONAMA took action on this and requested a 
study that was developed by the Centre of Agriculture and 
Environment of the University of Chile.2 

Using PRECIS outputs for A2 and B2 scenarios along-
side a model that simulates plant productivity, an overall 
displacement was found of the current distribution of 
ecosystems toward southern and upslope locations in 
response to climate change. Among other findings, the 
study indicates that most sowing times will change in 
annual farming, and this may overcome in part the adverse 
climate situation. In central Chile, irrigated wheat will accel-
erate its lifecycle in response to a warmer environment, yet 
it will also be highly affected by the rise in droughts. Wheat 
production in southern Chile and upslope locations, on 
the other hand, will increase. Corn production is set to 
significantly increase with warmer climates. And while 
potato production will suffer in central and southern Chile, 
an increase is expected in coastal and mountainous areas. 
Overall, the impact of climate change on the forest and agri-
culture sector varies according to the specie and the region; 
it can be negative or positive. Adverse responses are mainly 
related to a reduction in the availability of water, which will 
require improved management and prepared infrastructure 
to store excess water. To face this and other related issues, 
the Minister of Agriculture created the Agriculture Climate 
Change Council, a governmental body in charge of guiding 
and establishing priorities in an adaptation programme. 
Some actions already undertaken include the ongoing 
study Determination of the current and potential erosion in 
the Chilean territory, as well as initiatives for studying the 
genetic improvement of vegetation and the determination 
of the carbon footprint for exporting products. 

Water resources for agriculture and hydropower are 
vital to Chile’s development. The IPCC and PRECIS 
projections indicate less precipitation and snow accu-

higher increases being in northern Chile and along the Andes moun-
tains. Regarding precipitation, all model simulations predict a decrease 
in rainfall in the central and southern parts of Chile, while an increase 
is expected in the southernmost region of the country during the winter 
season. The observed and projected climate changes will not only have 
consequences in the natural environment, but also in all societal sectors. 

The above-mentioned changes and projections imply a strong impact 
on water resources. Chile is highly dependent on hydrological power 
generation for its energy supply, and on water for mine operations, 
industries, forest and agriculture sectors and human consumption. Also, 
continental Chile has a long coast facing the Pacific Ocean with many low 
zones that can be affected by rising sea levels. The country has arid and 
semi-arid areas that can increase in a warmer and drier climate, as well 
as susceptible areas for deforestation, erosion and desertification. In addi-
tion, changes in the ocean will affect the fishery industries, aquiculture 
and marine biodiversity. Chile, therefore, is highly vulnerable to climate 
change and action needs to be taken to manage its: geographical spatial 
and natural resources in urban and non-urban developments; exposed 
coastal areas; water resources; and the potential impacts of extreme 
weather events. 

To this end the Commission for National Environment, or 
Comisión Nacional del Medio Ambiente (CONAMA), developed, 
with the approval of all state secretaries, a National Action Plan for 
Climate Change: 2008-2012. The plan involves three defined priori-
ties: adaptation to climate change impacts; mitigation of greenhouse 
gas emissions; and development of capacity building. 

The plan pursues the development of adaptation measurements 
that will protect the population’s well-being, hydrological resources, 
food provision, urban and coastal infrastructure and energy supply. 
To do this, the Chilean government encourages and supports actions 
that will permit the definition of future climate scenarios of vulnera-
bility to climate change in all sectors, with the purpose of evaluating 
the impacts on the environment as well as the socioeconomic costs 
related to adaptation measurements.

Water resources for agriculture and hydropower generation are vital for Chile’s 

development. More dams will be needed for reserving and managing water 

resources in a warmer and drier climate (Dam El Yeso)

Im
ag

e:
 J

an
et

te
 C

al
de

ro
n



[ ]107 

Governance and Policy

mulation than at present, as well as greater hydrological volatility 
associated with El Niño and La Niña events. The hydrological cycle is 
expected to change, in some cases the maximum run-off will suffer a 
month’s displacement, whereas in others it will be uniformly distrib-
uted. To overcome such scenarios, dams are needed to reserve and 
manage water resources in a warmer and drier climate. In response to 
this, the National Action Plan includes priority guidelines for evalu-
ating the impact of climate change on the hydrological cycle, water 
availability in future scenarios, improvement of irrigation technology, 
and glacier studies and monitoring. 

Energy plays an essential role in socioeconomic activities in all 
countries. Chile, as a developing country, is aiming to improve the 
well-being of its population and the role of energy is vital for its 
sustainable economic development.3 The challenge is how to grow 
without increasing greenhouse gas emissions and without substan-
tially increasing energy production. From a global viewpoint, Chile 
only contributes around 0.2 per cent to total emissions, but it must be 
recognized that in order for it to continue its development, the country 
will need to increase its energy production. With this in mind the 
government, through the National Energy Commission, established a 
new energy policy with the purpose of articulating a public policy for 
long-term development and key guidelines for energy development 
based on sufficiency, efficiency, equity, security and sustainability, 
as well as to respond to requirements imposed by climate change 
and related national and international policies and agreements for 
environment protection.4 In summary, the strategic guidelines are: 
institutional strengthening by creating the Minister of Energy; promo-
tion and encouragement of energy efficiency; optimization of the 
energy matrix by the inclusion of non-conventional sources; ensuring 
that produced energy is compatible with sustainable development; and 
to support the fair use of energy. 

The government already has support projects in place that use 
renewable, non-conventional energy sources. In 2001, the first 
three wind tower energy generators were installed in southern 

Chile, producing two megawatts to supply about 9,000 
houses with electricity. Since then, more wind farms 
have been deployed and others are set to be installed 
in the future. Alongside this, two solar energy centres 
will be installed in northern Chile with a capacity of 
ten megawatts. These initiatives reveal the govern-
ment’s decision to increase the energy matrix using 
non-conventional sources, proving its commitment to 
mitigating the greenhouse effect, as well as adapting to 
a drier climate with new energy sources not depend-
ent on water. 

 Other initiatives included in the National Action Plan 
are to evaluate the possible distribution of marine species 
and the impacts of future climate scenarios on inshore 
and industrial fishing. The plan also takes into account 
the impact and adaptation measurements needed in 
relation to low coastal zones. In the health sector, evalu-
ations are needed on the new infrastructure and health 
personnel required to face new and increased numbers 
of diseases, as a consequence of climate change. Also, 
vulnerable zones and exposed populations need to be 
identified, and an environmental variables monitoring 
system needs to be enforced so that information can be 
given on the effect of climate change to health.   

According to the Institute of Research Resources for 
Sustainable Development, the main strengths Chile should 
leverage in developing its adaptation policies are threefold. 
Firstly, its geographical location – distinguished latitudi-
nal climate characteristics along the country, as well as 
altitudinal west-east variation with a north-south central 
valley, the coastal mountain chain and the Andes.5 This 
situation gives a large range of possibilities for adaptation. 
Secondly, Chile’s economic factors are related to inter-
national agreements for importing and exporting goods, 
and it has an economically and politically stable envi-
ronment. And lastly, Chile has a basic building capacity 
and a good public/private relationship that will facilitate 
future initiatives for adaptation. An example of this from 
the private sector is the Agroclimate System Information 
(www.agroclima.cl) established by the Fruit Development 
Foundation (Fundación de Desarrollo Frutícola). A good 
public sector example is the National Weather Service 
and the Agriculture Research Institute (Instituto de 
Investigaciones Agropecuarias). Working together, these 
three organizations aim to promote and develop scientific 
and technological research that contributes to improv-
ing the overall quality and productivity of the agriculture 
sector. 

The role of the state is essential in developing public 
policies and taking measures to protect the most vulner-
able sectors of society. But, in order for these measures 
to work, integration of the private sector, parliament, 
research centres and universities, and social organizations 
is crucial. The National Action Plan for Climate Change is 
a synergetic plan; many organizations have different roles 
and responsibilities. They need to be able to provide infor-
mation and answers for policy-makers, so that in turn 
they can best deal with risk by adaptation and mitigation 
and work towards minimizing the residual impact. 

Irrigation technology will be needed to improve current practices
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Information and communication technologies  
and climate change 

Dr Hamadoun I Touré, Secretary-General of the International Telecommunication Union

The digital revolution and proliferation of information and 
communication technologies (ICTs) has changed people’s 
lives dramatically and boosted economic growth. ICTs 

are now embedded in almost every part of the world economy 
and society. 

At the same time, ICTs have also had a negative impact on the 
environment and contribute about 2.5 per cent of greenhouse 
gas (GHG) emissions.1 This comes from a number of sources, 
including:
• �The proliferation of ICT users. The number of mobile phone users 

rose from 145 million in 1996 to 4 billion in 2008. There are more 
than 1.5 billion TVs and about 2.5 billion radio receivers

• �An increasing number of data centres, which represent one of 
the main ICT sources of GHG emissions, at 0.8 per cent

• �The increasing number of devices used by individuals. Many 
users own multiple devices such as a mobile phone, TV, radio, 
DVD player, computer and set-top box

• �Rising processing and transmission power. For 
example, 3G mobile phones operate at higher 
frequencies and need more power than 2G phones

• �A trend towards ‘always-on’ usage and ‘stand-by’ 
modes, as well as a tendency to store rather than 
delete older material.

However, ICTs have the potential to assist the rest of 
the global economy in combating climate change. The 
International Telecommunications Union (ITU), as the 
specialized UN agency responsible for telecommunica-
tions/ICTs, initiated a new programme called ICTs and 
climate change,2 which focuses on the use of ICTs for 
preventing and averting climate change. Its main goals 
are to provide governments and the private sector with 
methods for the use of ICTs as a very important compo-
nent in climate monitoring, climate change mitigation 
and adaptation to climate change.

Governance and Policy

Taman Wisata Alam, Bandung, West Java, Indonesia
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Meteorological Organization (WMO). WMO assesses 
the need for environmental information and the 
corresponding radio spectrum allocation. ITU World 
Radiocommunication Conferences explore these needs 
and ensure the availability and protection of frequency 
bands for observations. A recent example of this collab-
oration is the ITU/WMO handbook Use of Radio Spectrum 
for Meteorology: Weather, Water and Climate Monitoring and 
Prediction,3 which is approved by the Secretaries General 
of two UN agencies. An electronic version of this hand-
book is available free of charge.

ICTs and climate change mitigation
The main carbon abatement opportunities offered by 
ICTs are: reduction of ICTs carbon dioxide footprint, 
reduction of GHG emissions in other sectors of the 
economy, and the replacement of ‘atoms’ by ‘bits.’ This 
is the process of ‘dematerialization’ – online access 
to books, documents and films instead of publish-
ing them with print media or on disc copies. ICTs 
already provide the relevant media and tools for the 
application of methods such as electronic paperless 
publications and distributing multimedia via Internet 
TV. Radiocommunications even ‘dematerialize’ the 
connective wire with the spread of wireless technology.

Current technological development allows signifi-
cantly reduced ICT energy consumption by using 
new components, algorithms, protocols, software and 
telecommunications system structure. It is one of the 

ICTs and climate monitoring
The science of climate monitoring has benefited greatly from the paral-
lel development of ICTs. At present, the Global Climate Observing 
System (GCOS) is based on the use of ICTs in general and remote 
sensors (both in situ and space-based) in particular. These radio-based 
applications provide the main source of information about the Earth’s 
atmosphere and surface. In turn, this information is used for climate, 
weather and water monitoring, natural disaster prediction, warnings, 
and risk reduction, as well as in support of disaster relief operations. 
It is also used for planning preventive measures for adapting to and 
mitigating the negative effects of climate change. 

The ITU framework regarding the role of ICTs in direct moni-
toring was initially envisioned in 1947 at the International Radio 
Conference in Atlantic City, where ITU member states included 
Meteorological Aids Service (MetAids) in the radio regulations, 
and allocated radio frequency spectrum for MetAids applications 
employed for environment and climate monitoring.

ITU creates the technical basis for the use of ICTs in GCOS 
by providing necessary radio frequency spectrum and satellite 
orbit resources for sensors employed by the organization. It also 
develops treaty status (Radio Regulations) and voluntary (ITU 
Recommendations) international standards for telecommunica-
tions used by GCOS. Remote Sensing Series is an example of a 
voluntary standard. Guidance is provided on: the use of ICTs for 
environment monitoring; and the prediction and mitigation of 
the negative effects of disasters initiated by climate change.

ITU cooperates with many international and national organi-
zations and agencies involved in climate monitoring activities. 
However, special attention is paid to proposals from the World 

Phuket after the December 2004 Tsunami
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major focuses of ITU’s work. For instance, in the last few years ITU 
Recommendations have approved standards for the development of 
next-generation networks4 that will reduce energy consumption by 40 
per cent compared to the present public switched telephone network. 
Another recommendation, to switch from analogue to digital broad-
casting, may reduce the energy consumption of powerful broadcasting 
transmitters by 10 times. As there are hundreds of thousands of 
broadcasting transmitters, some with power up to 100-150 kilowatts, 
the GHG emission reduction could be very significant.

ICTs can play a vital role in the reduction of GHG emissions in 
other industries. Forecasts estimate that they could help cut emis-
sions by 15 to 40 per cent, by reducing or substituting business 
travel by audio- and video-conferencing and remote collaboration, 
providing means for remote working, enabling intelligent transport 
systems, improving supply chain management and using ‘smart’ 
building technologies. 

ITU develops international standards, guidelines and other docu-
ments facilitating the introduction of environment-friendly ICT 
equipment and networks in telecommunications and other industries. 
Businesses around the world could unlock global energy efficiency 
savings of over EUR500 billion by systematically using ICTs.

ICTs and adaptation to climate change
According to the United Nations Framework Convention on Climate 
Change: “Adapting to climate change entails taking the right meas-
ures to reduce the negative effects of climate change (or exploit the 
positive ones) by making appropriate adjustments and changes.” 

There are many measures that are necessary to respond to climate 
change. One is the establishment of an environment observa-
tion system that predicts, identifies and measures the extent of the 
problem, while also providing data for the development of effective 

response strategies. This needs to be combined with an 
early warning and emergency telecommunication system, 
which takes information obtained by the observation 
system and uses it for the generation and distribution of 
warning signals and for planning relief operations.

ICTs are the main components of both systems. 
Wireless communications were used for the first time in 
saving the lives of hundreds of sailors aboard the battle-
ship General-Admiral Apraksin at the end of the 19th 
century. Since that time the importance of emergency 
telecommunications has increased significantly. Early 
warning and emergency telecommunications, both 
wired and wireless, have saved hundreds of thousands 
of lives during recent decades.

The development of regulations and standards for early 
warning and emergency telecommunication systems has 
been one of the key activities of ITU since its inception. 
Standards such as recommendations on signaling protocols 
and Common Alerting Protocol on the use of radiocom-
munications serve as the technical basis for these systems.

International spectrum management functions, 
fulfilled by the ITU secretariat, assist in the develop-
ment and effective operation of space and terrestrial 
radiocommunication networks. These are particu-
larly important in disaster relief activities when wired 
communications are damaged or completely destroyed.

ITU and climate change
The use of ICTs for combating climate change is 
among the most important items on the agenda of ITU 
conferences and assemblies. ITU has adopted several 

Destroyed building in Banda Aceh, Indonesia
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resolutions requesting its sectors conduct research and develop 
international regulations and standards containing more tolerant 
climatic range specifications. The ITU focus group on ICTs and 
Climate Change recently developed methodologies to measure the 
impact of ICTs on climate change, both in direct and indirect terms.

ITU has developed an integrated approach to address the range of 
technological, scientific, policy, organizational, economic and social 
issues initiated by climate change in its fields of competence. Its 
main activities in developing responses to climate change are:
• �Providing the necessary radio frequency spectrum, orbit resources 

and developing technical standards for environment monitoring, 
early warning and emergency telecommunication systems, both 
wired and wireless

• �Developing regulatory and technical standards limiting and 
reducing GHG emissions and promoting the use of more energy 
efficient devices and networks

• �Assisting Member States and other industries to take full advantage 
of ICT applications for environmental management and sustainable 
development and to use telecommunication/ICTs to adapt to, and 
mitigate the effects of, climate change

• �Cooperating with other organizations in combating climate 
change

• �Continuing to develop an integrated approach to examining the 
relationship between ICTs and climate change, focusing on tech-
nology, climate data collection, adaptation and mitigation

• �Joining the UN commitment to lead by example through achiev-
ing climate-neutral status within three years, through paperless 
meetings and virtual conferencing

• �Continuing to promote the use of ICTs to strengthen and 
develop scientific and industrial tools in all areas to combat 
climate change.

ITU has already established and strengthened strate-
gic partnerships with other United Nations agencies, 
international and national organizations, NGOs and the 
private sector involved in monitoring, mitigation and 
adaption to climate change.

The ITU together with the United Nations Environment 
Programme supports an initiative of ICT service providers 
and suppliers called the Global e-Sustainability Initiative. 
The initiative will provide direct assistance to countries 
on policies and strategies for the harmonized co-existence 
of human interaction with the environment through the 
use of ICTs.

Forest fire in South Africa. High-tech navigation, communication and satellite tracking 

systems enable water bombers to combat effectively the threat of wildfire
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Forest fire in Corsica. ICT-based solutions substantially mitigate the 

impact of natural disasters
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“�Climate change is the moral 
challenge of our generation. 
ITU is one of the most 
important stakeholders in 
terms of climate change in 
bringing the benefits of ICTs 
to meet the challenge of 
climate change”

Ban Ki-moon, UN Secretary-General
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The ESA Climate Change Initiative:  
foundations, objectives and benefits 

Dr Volker Liebig, Director, Earth Observation Programmes, European Space Agency

Climate – including the atmosphere, the hydrosphere, the 
cryosphere, land masses, and anthropogenic influences 
– has, since the beginning of space-based Earth obser-

vation, been a central observational target. The first satellites 
launched by the European Space Agency (ESA) at the end of 
the 1970s were meteorological missions. This Meteosat series 
opened a wide range of applications, as well as laying the foun-
dation for over 30 years of operational weather monitoring 
and forecasting. Today we continue with the second genera-
tion of Meteosat missions, even while the third generation is 
under development and looking to deploy from 2015 onwards. 
These early European efforts have created long-term records 
of meteorological and climate observations and have led to the 
creation of a specialized agency – European Organisation for 
the Exploitation of Meteorological Satellites (EUMETSAT). ESA 
and EUMETSAT provide a stable basis for European meteoro-
logical observations. 

Since the advent of multi-purpose ESA Earth observation missions with 
the launch of ERS-1 in 1991, followed by ERS-2 in 1995 (still functional 

today) and Envisat in 2002, climate-related data have been 
increasingly obtained and analysed for scientific purposes. A 
better understanding of the functions and interactions of the 
various spheres of the Earth, as well as the role humans play 
therein has ever since been a central part of both data gath-
ering and scientific analysis. Such new quasi polar-orbiting 
missions allowed for different kinds of observations, as well 
as serving as precursors to an operational polar-orbiting, 
climate monitoring system. The latter was realized with 
the launch of the first MetOp satellite in 2006. The ESA 
Earth Explorer missions – specialized satellites focusing 
on themes of scientific interest and urgency – perfectly 
complement the organization’s efforts to better understand 
climate development, climate change and the anthropo-
genic element therein. The first of these satellites – the 
Gravity field and steady-state Ocean Circulation Explorer, 
a mission to map the Earth’s gravity field in unprecedented 
accuracy – was successfully launched in March 2009. Two 
more missions – the Soil Moisture and Ocean Salinity 
mission (SMOS) and ESA’s ice mission CryoSat – are also 

Observing, Predicting and Projecting Climate Conditions 

Envisat ASAR mosaic from mid-August 2008 showing an almost ice-free Northwest Passage. The direct route through the Northwest Passage is highlighted in the 

picture by an orange line
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are obtained and made available to all users. The focus 
was on better understanding the climate system for better 
decision-making. To meet this goal GCOS defined a set of 
approximately 44 essential climate variables (ECVs) that 
should be systematically monitored in order to quantify the 
state of our climate in an objective and effective way. 

Over the last decade GCOS has published a series 
of adequacy reports assessing the gaps in the existing 
climate observation system, as well as an implementa-
tion plan to deliver high-quality reliable climate data 
sets of the ECVs. The international community recog-
nizes the vital role played by Earth observation satellites 
in globally monitoring the climate system, as well as 
in delivering consistent and homogeneous long-term 
climate data records. GCOS articulates the data needs 
for a subset of about 25 ECV products in terms of the 
‘Fundamental Climate Data Records’, which relate ECVs 
to the observables measured by space-borne sensors. 

In 2006, the Committee of Earth Observation Satellites 
(CEOS) – being the primary international forum for 
coordination of space-based Earth observation missions 
– provided a coordinated response by space agencies 
to the data needs expressed through GCOS, identifying 
more than 50 actions to be performed by space agen-
cies all over the world. In this context, ESA took on 
the commitment to contribute to GCOS’s implemen-

ready to be launched during 2009.  Another four Explorers are currently 
in the development stage. The missions are selected and developed in 
close cooperation with the scientific community, which allows science 
needs to be directly translated into the space-based instruments. 

The quest to aid scientists in better understanding the Earth’s 
climate continues with the European Union’s (EU) preparation of 
the Global Monitoring for Environment and Security initiative. ESA 
has taken up the responsibility of implementing and coordinating 
the space component of this initiative. Dedicated satellites, called 
Sentinels, will provide the operational continuity needed to support 
European policies on environment and security issues. Climate 
constitutes a large part of this; not only is it a fundamental factor 
in our environment, but climate change and the human reaction 
to it also has a large social and security impact. Land, ocean and 
atmospheric chemistry monitoring, climate quality observations and 
many more factors are therefore key in preparing for and adapting to 
future challenges. The partnership with the EU (representing user 
interests) aims to provide the necessary basis for sustainability. 

The importance of global observation for understanding climate change 
has also triggered action on the international scene – a fact long recog-
nized by the United Nations Framework Convention on Climate Change 
(UNFCCC). As a result, the Global Climate Observing System (GCOS) 
was established in 1992 by the World Meteorological Organization 
(WMO), Intergovernmental Oceanographic Commission, United Nations 
Environment Programme and International Council for Science to ensure 
that the high-quality observations needed to address climate-related issues 

Envisat ASAR data mosaic showing sea-ice coverage as of mid-August 2008. The red line indicates the all-time minimum Arctic sea ice coverage in September 2007
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tation plan. ESA’s response took the form of a proposal for a new 
programme, referred to as the ESA Climate Change Initiative, which 
aims to: “Systematically generate, preserve and give access to long-
term data sets of the ECVs required to meet the needs of the parties to 
the UNFCCC”. The programme was submitted to the ESA Ministerial 
Council in November 2008 and accepted by ESA Member States with 
a level of funding equalling EUR75 million over six years.

The programme also provided ESA with a unique opportunity 
to capitalize on the huge European investment in the space sector 
that has taken place over the last thirty years, and in particular 
to realize the full potential of the long-term Earth observation 
archives established in Europe. For example, the 15-year homo-
geneous record of high precision altimetric data from ERS, 
Envisat, TOPEX/Poseidon and Jason-1 established by ESA and the 
European member states provides a significant contribution to the 
ECV oceanic record. Such high-quality data records have radically 
transformed our view of the ocean, not only providing consider-
able insight into new and often unexpected oceanic processes, but 
also by revealing the global rise of sea-level within the astonishing 
accuracy of a few millimetres. 

Likewise, rapid changes have been observed in the cryosphere – the 
Earth’s ice and snow masses. This comprises not only the Arctic sea ice 
– which is dramatically shrinking, as observed by the Envisat mission 
– but also measurements of the changes in the Greenland glaciers. 
Tandem campaigns flown by the ESA flagship missions ERS-2 and 
Envisat in 2008 and 2009 collected interferometry data over the Arctic 
and Antarctica. They obtained important data including measurements 
suggesting that the polar glaciers are moving faster than previously 
anticipated. Another topic of importance is the measurement of global 

deforestation rates. This supports the implementation of 
the UNFCCC/REDD initiative, as such measurements will 
be undertaken by the ESA Sentinel-2 mission, which is 
currently under development. 

The ESA Climate Change Initiative aims to provide 
the necessary climate records by ensuring that the full 
capital is derived from data obtained from ongoing and 
planned missions in Europe. In particular, it is worth 
noting that the SMOS mission will provide a significant 
contribution to the GCOS implementation plan as it 
addresses two of the highest priority ECVs: soil mois-
ture and ocean surface salinity.

Regarding direct activity, the Climate Change 
Initiative aims to implement a coherent and continuous 
suite of actions encompassing all the steps necessary for 
the systematic generation of relevant ECVs, including 
recalibration, periodic reprocessing of the long-term 
records, algorithm development, product genera-
tion and validation, and quality assessment of climate 
records in the context of climate models. The need for 
long-term data preservation poses specific challenges. 
ESA has already observed an exponential growth of its 
EO data archives, with a total of some 3,300 terabytes 
of data archived since 1986. It is necessary to constantly 
update archiving technology, with ESA still attempting 
to address the issue of establishing long-term funding 
for this process. ESA plans to make a proposal to its 
Member States for long-term archive maintenance at 
the 2011 ESA Ministerial Conference.

Another interesting aspect of the Climate Change 
Initiative lies in the set-up of a ‘feedback loop’ mechanism, 
whereby new user feedback and the latest scientific knowl-
edge can be easily integrated within each re-processing 
phase. This ensures regular updating of the climate records 
on timescales corresponding to the increasingly urgent 
needs of the international climate change community. 

The Climate Change Initiative is being implemented by 
ESA in partnership with key users (including GCOS and 
UNFCCC), space agencies and CEOS, relevant players in 
the field of climate change research (including European 
Commission and the National Climate Programme) and 
monitoring (including WMO, the National Oceanic and 
Atmospheric Administration and EUMETSAT), as well 
as in full coordination with existing activities, such as 
the WMO Space Programme GSICS. A scientific advisory 
group, involving world-leading scientists representing 
key stakeholder organizations, has also been set up to 
provide scientific guidance for the programme.  

Through its Earth observation missions – in conjunc-
tion with the Climate Change Initiative – ESA is developing 
quality climate observation systems, providing free access 
to the worldwide science community, and working with its 
partners to ensure long-term observations of fundamental 
climate data records and the resulting ECVs. The particu-
lar value of the Climate Change Initiative is that it enables 
timely action from decision makers, as well as providing a 
framework that will strengthen the dialogue between Earth 
observation data research communities and the climate 
science and modelling community. 

Ozone hole during 7 October 2008

Ozone hole during 7 October 2008 as measured by the Scanning Imaging 

Absorption Spectrometer for Atmospheric Cartography (SCIAMACHY) 

atmospheric sensor onboard ESA’s Envisat

Source: ESA

EUMETSAT: responding to  
climate monitoring challenges 
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EUMETSAT will continue its all-important and well-
established mission delivering operational satellite data, 
products and services in support of meteorology while 

at the same time addressing the two greatest challenges facing 
humankind in the 21st century. The first is global warming 
and the climate change associated with it. The second chal-
lenge faces EUMETSAT alone; namely how to strategically and 
tactically align its tremendous capabilities, ranging from space 
systems to end users, to address the urgent requirements needed 
to understand, mitigate and adapt to the potential devasta-
tion caused by global change. It is clear that EUMETSAT’s 
mandate embraces both challenges. EUMETSAT’s vision is to 
be the leading operational satellite agency for European Earth 

observation programmes that are consistent with 
its objectives. Its primary objective is to establish, 
maintain and exploit operational European mete-
orological satellite systems, taking into account as 
far as possible the recommendations of the World 
Meteorological Organization (WMO). 

A further objective of EUMETSAT is to contribute to 
the operational monitoring of the climate and the detec-
tion of global climatic changes. Being ‘operational’ is key 
and means EUMETSAT must maintain continuing series 
of satellites with a guaranteed replacement policy. This 
distinguishes EUMETSAT from its other European space 

Observing, Predicting and Projecting Climate Conditions 

The negative impacts of climate change are manifold
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• �Providing the material to educate people about 
climate change and the contribution attributed to 
human activities, thereby enabling individuals to 
better understand the impact of their decisions.

In supporting the development of ECVs, EUMETSAT 
has striven to place long-term data sets into the hands of 
the ultimate user communities. This paper describes the 
end-to-end process that will enable EUMETSAT to best 
achieve its vision and meet the challenges. It provides 
a brief description of each component – space, ground 
and end-user segments – for EUMETSAT’s integrated 
and coordinated approach to tackling climate monitor-
ing challenges from an operational agency’s perspective. 

Space segment
The Meteosat programme is the well-established 
European contribution to the ring of operational 
geostationary satellites. The first Meteosat satellite was 
launched by ESA in 1977. In 1995, EUMETSAT took 
over the operation of the Meteosat satellites. EUMETSAT 
currently operates two Meteosat satellites of the first 
generation (Meteosat-6 and -7) over the Indian Ocean 
and two second generation satellites (Meteosat-8 and -9) 
over the prime meridian, clearly demonstrating Europe’s 
ability to build long-lasting systems that strongly contrib-
ute to fundamental climate data records.

Second generation satellites have much higher capa-
bilities in terms of temporal repeat cycles (15 minutes 
compared to 30 minutes for the first generation) and 
twelve spectral bands, as compared to only three spec-
tral bands for the first generation Meteosats. The larger 
number of spectral bands enables a better observation of 
important climate variables, especially those undergo-
ing diurnal cycles. An additional advancement of vital 
importance to climate observations is the improved 
on-board calibration of the thermal infrared channels 
of the Meteosat Second Generation (MSG) satellites.

partner, the European Space Agency (ESA), whose primary objective in 
Earth observation is research and development. Whereas ESA develops 
new capabilities for monitoring global climatic changes, EUMETSAT 
hones that new potential into continuing series of data. These data 
respond directly to the requirements of the WMO’s co-sponsored 
Global Climate Observing System (GCOS). GCOS has articulated 
requirements for Essential Climate Variables (ECVs) in terms of long-
term data records, called Climate Data Records (CDRs). Since its 
existence EUMETSAT has responded with dedication and vigour in 
providing data for CDRs. 

The availability of accurate climate information collected over 
decades will benefit mankind at all levels and in a wide range of 
areas, including:
• �Assistance to policymakers when considering the need for, and 

the effects of, actions to mitigate climate change, such as the 
Kyoto Protocol

• �Monitoring compliance with international obligations related to 
climate change

• �Assistance to regional and national planners to better assess the 
potential impacts of climate change and to thereby select the 
most appropriate options for their infrastructure planning

• �Supporting initiatives such as Global Monitoring for 
Environment and Security (GMES) in its provision of accurate 
information for policy-making

• �Assistance to the science community in its quest to better 
understand the mechanisms of climate change and its potential 
impacts

• �Support for a better understanding of climate physics, resulting 
in better climate projections

• �Management of human health risks associated with climate 
change, such as the spread of vector-borne diseases and heat stress

• �Identification of flood-prone areas and requirements for coastal 
protection

• �Management of agriculture, fisheries, food production,  
freshwater resources and land use

• �Risk identification for biodiversity
• �Providing the industrial and service sectors with the information 

they need to respond efficiently to the challenges of climate change

Global solutions through networks

GOS
Global Observing System

GSICS
Global Satellite
Inter-Calibration System

SCOPE-CH
Sustained Coordinated Processing of 
Environmental Satellite Data

Satellites
and sensors

Satellite
data

Fundamental
Climate Data

Records (FCDRs)

EssentialClimate 
Variables (ECV)

satellite products

Users and
Organizations

The need for information on climate change means that steps have to be taken to harmonize and integrate the various observing systems

Source: Eumetsat
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EUMETSAT has already made good progress in a programme 
for the third generation of operational geostationary satellites. 
The unique nature of geostationary measurements and their high 
temporal frequency provide the capability to observe sub-synop-
tic atmospheric and surface events – particularly precipitating 
cloud systems – and to characterize the diurnal cycles of the 
atmospheric-surface system. Characterization of the annual, 
as well as diurnal cycles, is crucial for an understanding of the 
physical processes determining the status of the climate system 
and its potential changes.

Since the launch of Metop-A in October 2006, EUMETSAT 
has been operating a polar orbiting satellite system, called the 
EUMETSAT Polar System (EPS), with a long-term operational 
and global perspective. Through its innovative payload, the 
Metop satellite can provide information on a large number of 
key climate variables over at least 14 years of operational service 
on a global scale.

The hyper spectral Infrared Atmospheric Sounding 
Interferometer (IASI) allows the retrieval of temperature and 

moisture profiles with high accuracy (1 Kelvin, 15 
per cent, respectively) over one-kilometre layers. IASI 
also allows the observation of trace gases relevant 
to the greenhouse effect and for atmospheric chem-
istry. The Global Ozone Monitoring Experiment-2 
(GOME-2) continues to measure ozone profiles and 
related trace gases with high accuracy. The Global 
Navigation Satellite System Radio-occultation 
Atmospheric Sounder (GRAS) also provides informa-
tion on temperature and humidity profiles, with the 
advantage that no adaption of calibration between 
subsequent satellites is required for the creation of 
long-term data sets. The observations are absolute, 
based on time. From the other instruments on Metop 
– the Advanced Very High Resolution Radiometer 
(AVHRR), Advanced TIROS Operational Vertical 
Sounder (ATOVS) and Advanced Scatterometer 
(ASCAT) – long-term climate records can be derived, 
especially with regard to AVHRR and ATOVS, which 

Images of the Ocean Surface Topography Mission/Jason 2 satellite (left) and the Metop-A, which was launched in October 2006
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provide continuity of climate records from US National Oceanic 
and Atmospheric Administration (NOAA) satellites dating back 
to the 1970s. The continued contribution to ECVs with satellite 
data benefits from observations from operational meteorologi-
cal satellites in a polar orbit, because such satellites provide the 
required continuity in time and global coverage. The post-EPS 
satellite series planned after EPS/Metop will provide the neces-
sary continuity for atmospheric ECVs, as well as for terrestrial 
and oceanic ECVs.

The Ocean Surface Topography Mission (OSTM/Jason-2) 
provides essential observational data on mean sea level ECVs. 
Intergovernmental Panel on Climate Change reports on the accel-
eration of global mean sea-level rise beyond 1993 are essentially 
based on satellite altimetry. Low-inclination orbiting satellite 
altimetry missions are unique instruments for addressing the 
spatial requirements on mean sea level observations. A particular 
goal of OSTM/Jason-2 is to extend the existing mean sea level ECV 
data set beyond Topex/Poseidon and Jason-1 to complete the first 
two decades of high-precision altimetry observations.

EUMETSAT will also play a pivotal role in the space segment 
of the European GMES programme, in which it will operate the 
Sentinel-3 series of oceanographic satellites. Sentinel-4 and -5 
instruments for monitoring atmospheric composition constituents 
from geostationary and polar-orbiting platforms are planned to be 
included on related follow-on EUMETSAT missions. The future is 
bright when considering EUMETSAT follow-on missions; it will 
further increase its capabilities with Meteosat Third Generation 
and Post-EPS by carefully assessing climate monitoring require-
ments within these two new programmes.

Ground segment
EUMETSAT’s application ground segment, which consists of the 
central facility in Darmstadt as well as the distributed network of 
Satellite Application Facilities (SAFs), is used for processing climate 
data records from its satellite data at various levels.

Reprocessing of archived data is currently ongoing, target-
ing Meteosat First Generation calibration and the generation of 
surface radiation products and atmospheric motion vector (wind) 
products. 

EUMETSAT’s network of SAFs consists of eight facilities, some 
of which are using data from meteorological satellites both in 
geostationary and polar orbit. EUMETSAT’s nowcasting and very 
short range forecasting, numerical weather prediction, land surface 
analysis, ocean and sea ice, hydrology and water management, 
ozone and atmospheric chemistry monitoring and – of course 
– climate monitoring SAFs provide products and services on an 
operational basis that are extremely relevant to climate monitor-
ing, in addition to the dedicated climate-related activities of the 
GRAS SAF.

On an international level, EUMETSAT currently supports two 
activities relevant to the production of information in support 
of climate monitoring: the WMO Global Space-Based Inter-
Calibration System (GSICS) and the Sustained Coordinated 
Processing of Environmental Satellite Data for Climate Monitoring 
(SCOPE-CM).

SCOPE-CM, led by WMO and strongly supported by EUMETSAT, 
as secretariat, addresses GCOS requirements in a cost-effective and 
coordinated manner, capitalizing on existing expertise and infra-
structures. Its overall objective is the continuous and sustained 

provision of high-quality satellite products for the deri-
vation of ECVs on a global scale. Efforts are made with 
other satellite operators worldwide.

GSICS was established by leading satellite operating 
agencies with the overall goal of creating an operational 
system that monitors and evaluates the calibration of 
the global meteorological satellite observing system in 
a coherent and systematic manner. EUMETSAT is one 
of the founding members of GSICS and very actively 
pursues the realization of such an operational system. 
Implementation plans are reviewed and updated by 
the GSICS executive panel and the implementation 
activities are now underway. 

Operational EUMETSAT inter-calibration activities 
have concentrated on the instruments of geostation-
ary satellites: Meteosat Visible and Infrared Imager 
and MSG’s Spinning Enhanced Visible and Infrared 
Imager. So far, this has been based on inter-calibra-
tion with the High Resolution Infrared Radiation 
Sounder instruments on NOAA satellites. A major 
recent step was the inter-calibration with the IASI 
instrument on Metop; IASI is considered an in-orbit 
reference for thermal infrared calibration because of 
its excellent on-board performance. It is also note-
worthy that a longer-term comparison with Meteosat 
First Generation (Meteosat-7) has been done, which 
is important for the recalibration of first genera-
tion Meteosat satellites; which is in turn important 
for reprocessing in support of reanalysis activities at 
numerical weather prediction centres. EUMETSAT has 
already reprocessed more than 30 years of Meteosat 
First Generation data. Additionally, since the begin-
ning of Metop, EUMETSAT has been reprocessing 
ASCAT and GOME-2 data.

Engaging the climate community
EUMETSAT’s strength emanates from its primary 
focus on the end users. The organisation  maintains 
a close dialogue with the Member States’ National 
Meteorological Services (NMSs), its foremost custom-
ers. This close dialogue helps to understand the 
evolving requirements of the meteorological user 
community and to translate these into facilities 
capable of providing relevant data, products and serv-
ices. This strong focus on maintaining user dialogues 
is now being extended to the wider climate monitoring 
user community with similar successful results.

Through the dialogue with the NMSs and interna-
tional collaboration, EUMETSAT is now establishing 
itself as an operational satellite agency providing 
sustained observations that deliver the satellite data 
necessary for climate change monitoring. Those 
needs are incorporated in the requirements for 
current and future operational satellite missions. 
Furthermore, the value of the long-term satellite 
data records delivered by EUMETSAT is enhanced 
through continuous reprocessing activities, ensuring 
the generation of consistent climate-relevant satellite 
data records.
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International partnerships: global solutions 
through networks 
The nature of climate change is such that no individual 
organization – or country – has the capability and 
resources to fully respond to its challenges independ-
ently. In particular, the need for global information 
on key indicators of climate change means that steps 
have to be taken to harmonize and integrate the various 
observation systems in order to be able to provide the 
required consistency of information. EUMETSAT 
has responded to this call through strong space 
agency collaboration within the Committee for Earth 
Observation Satellites (CEOS) and for even longer in 
the Coordination Group for Meteorological Satellites 
(CGMS) – in which it serves as the permanent secre-
tariat. CGMS members include all the operational 
meteorological satellite operators. The CGMS link is 
especially benefi cial for long-term continuity of data 
records due to its members’ global contingency plans for 
both geostationary and polar-orbiting satellites. CEOS 
has played a vital role in preparing a space agency-wide 
response to the GCOS implementation plan, with recur-
ring updates reported to the United Nations Framework 
Convention on Climate Change, as well as to the Group 
on Earth Observations initiative to establish a Global 
Earth Observing System of Systems. 

Within Europe, EUMETSAT participates as a 
member of the European Meteorological Infrastructure 
that includes member state operational meteorological 
organizations, the European Centre for Medium-Range 
Weather Forecasts and the European Meteorological 
Network. Within the context of climate monitoring, 
EUMETSAT has the potential to serve as a cornerstone 
in the emerging European Climate Infrastructure as 
it is developed under the leadership of the European 
Commission.

 The data sets from the EUMETSAT reprocessing activities 
are already used in climate-related studies, like the European 
Centre of Medium-Range Weather Forecasts’ reanalysis activi-
ties (www.ecmwf.int/research/era/do/get/Reanalysis_ECMWF). 
These activities provide a consistent long-term analysis of the 
atmosphere as reported at the 15th Session of the GCOS/World 
Climate Research Programme Atmospheric Observation Panel 
for Climate meeting in April 2009. Furthermore, the reproc-
essed data sets will enable the derivation of consistent thematic 
climate data records from EUMETSAT satellite data, like total 
ozone currently generated with data from the GOME-2 instru-
ment that will benefit activities like the WMO/UN Environment 
Programme Scientific Assessment of Ozone Depletion.

EUMETSAT’s activities in support of climate monitoring

EUMETSAT’s mission is to deliver cost-effi cient operational
satellite data, products and services that satisfy the
meteorological and the climate monitoring data 
requirements of its member states.

For climate monitoring, EUMETSAT will provide and maintain 
satellite-based climate data records over decades and 
with the highest possible level of accuracy, homogeneity, 
reliability and stability.

As a fi rst priority, EUMETSAT, at its central facility 
and through its climate monitoring SAF, will generate 
Fundamental Climate Data Records.

As a second priority, EUMETSAT will generate Thematic
Climate Data Records, making best use of the expertise
available in the EUMETSAT SAFs.

In conducting these activities, EUMETSAT will rely on GCOS 
guidance and extensively build on international cooperation 
schemes, such as the WMO GSICS and SCOPE-CM activities.

Global mean sea level derived from TOPEX/Poseidon and Jason-1 
and -2 data shows an average rise of 3.2mm a year

Total ozone in the Southern Hemisphere measured by GOME-2

Source: University of Colorado, LEGOS/CNES

Source: DLR and EUMETSAT
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R ainfall in the Caribbean islands is characterized by 
a wet and a dry season in each year. The wet season 
normally begins during May to June and finishes during 

November to December. At least 70 to over 80 per cent of the 
rainfall occurs, on average, during the wet season.1 In the case 
of Guyana, in particular the northern portion, the influence 
of the Inter Tropical Convergence Zone is responsible for the 
two wet and two dry seasons per year. The seasons show much 
variability in commencement, duration and rainfall quantities. 
Also, it is not unusual to experience significant dry spells during 
the wet season or very wet spells in the dry season.2 Cycles of 
50 to 60 years3 suggest phases of high and low rainfall, with 
significant interdecadal variability. During the low phases, 
water shortages will be more frequent, whilst flooding will be 
more common during the high phases. Droughts and floods 
impact heavily on economic sectors, such as agriculture, water 
resources and tourism.

Drought can be defined in a variety of ways. Typically, it is viewed 
as abnormally low water availability, often due to abnormally 
low precipitation. It is a slow, creeping disaster that may only be 
recognized when it is already upon us – then it might be too late. 
Droughts range in intensity, duration (weeks to years) and spatial 
extent, which is normally greater than for other climate hazards. 
Drought impacts are normally cumulative and the effects are 
magnified when occurring from one season to the next.4 There is, 
therefore, the need to closely monitor precipitation for such occur-
rences. If we interpret drought as a ‘water shortage’, the distribution 
of water during dry seasons in the Caribbean region makes life 
extremely difficult for water resources managers, agriculturists and 
ecosystem managers. The region’s booming tourist industry is no 
less vulnerable as the dry season, which coincides with the boreal 
winter season, realizes the heaviest influx of visitors and places a 
greater strain on water supplies. Drought severely magnifies this 
lack of water during the dry season. Sub-normal precipitation during 
wet seasons is commonplace and can have great impacts on agro-
ecosystems and biodiversity.

In 1998, Guyana experienced water rationing, cessation of logging 
and river transport in some places and the loss of livestock due 
to drought associated with El Niño conditions.5 Rice farmers were 
forced to leave 35 per cent of their rice fields uncultivated and 
more than 1,500 Amerindian families in southern Guyana reliant 
on agriculture were affected by this event.6 Jamaica experienced 

below normal rainfall from December 1996 into 1998 
with the greatest damage occurring in the agricul-
tural sector. Losses in the sugar sector prompted the 
Jamaican government to offer the sector a USD100 
million assistance package late in 1997.7 Later, between 
October 1999 and March 2000, when rainfall was 
less than 25 per cent of the average in some places, 
Jamaican authorities reported crop losses of approxi-
mately USD6 million.8 One of the islands making up 
Grenada, Carriacou, experiences less rainfall than the 
main island. It also accounts for 30 per cent of the 
nation’s livestock production, and experienced losses 
of 20 and 40 per cent due to drought in 1984 and 1992 
respectively.9 

Flooding is the most frequent natural disaster in the 
Caribbean. Flooding in Guyana from late December 
2004 to February 2005 severely affected 37 per cent of 
the population, was blamed for the deaths of 34 people 
and caused about USD465 million in total damage. 
Of this, approximately USD250 million was lost in 
the housing sector and USD55 million in damage to 
the agricultural sector, which in 2004 accounted for 
35.4 per cent of Guyana’s gross domestic product.10 

The following year, a similar, but smaller-scale event 
resulted in losses to the agriculture sector of USD22.5 
million in the major affected regions.11 In January 
2001, flooding associated with the passage of a cold 
front resulted in losses of more than USD3 million in 
Jamaica.12 It has also been reported that in Trinidad, 
estimated damage from flood events in 1993, 2002 and 
2006 was USD580,000, USD3.3 million and USD2.5 
million respectively.13

With limited peer-reviewed information for the 
Caribbean, the Intergovernmental Panel on Climate 
Change projects in its Fourth Assessment Report14 

that there is a 90 per cent chance that tempera-
tures will rise across the Caribbean. An average 
of 21 models suggests the increase in the annual 
temperature could be in the range of 2oC to 2.5oC.15 
There is, however, greater uncertainty in the rainfall 
projections for the region, particularly in the Lesser 
Antilles. Nonetheless, it is projected with 66 per 
cent certainty that rainfall is likely to decrease in the 
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Resources Management of McGill University, CIMH, 
and the partner countries of Grenada, Guyana and 
Jamaica. This six-year project is funded by the 
Canadian International Development Agency. 

Drought and the general precipitation status will 
be monitored on two scales: regional, encompass-
ing the entire Caribbean basin, and national using 
a number of indices and indicators. Indices such as 
the Standardized Precipitation Index (SPI),19 and 
deciles20 will act as indicators of normal or abnormal 
rainfall. Other indices can provide information on 
normal or abnormal soil moisture (Palmer Drought 
Severity index (PDSI), developed by Palmer in 
1965;21 and Crop Moisture Index (CMI) developed 
by Palmer in 196822), as well as the status of vege-
tation (Normalised Difference Vegetation Index). 
Other indicators can provide information on stream 
and river fl ow, lake and reservoir levels and ground 
water quantities.

The fi nal drought and precipitation status of the 
region/country will be determined – by consensus – by 
a network of persons from different sectors, institutions, 
communities and backgrounds embracing the diversity 
in defi nitions and impacts of drought and utilizing the 
spectrum of indices and indicators.

Caribbean Basin monitoring
The Caribbean Basin monitoring has been the fi rst 
area of focus. It constitutes mainly sea surface, but 

Greater Antilles during the months from June to August. Most 
models predict a decrease in annual precipitation in the region 
of 5 to 15 per cent.16 It is therefore anticipated that droughts will 
become more frequent in the future. On the other hand, there 
are indications of more intense rainfall events occurring in the 
region since 1950,17 and this trend is likely to continue with 
anthropogenic climate change.

Basic approach of drought and precipitation monitoring
With concerns over drought and excessive precipitation, it was 
thought necessary to develop a system that can monitor and fore-
cast such events and thereby allow for the mitigation of their 
impacts and provide some means for adaptation in the future.

The Caribbean Drought and Precipitation Monitoring Network 
(CDPMN) was launched in January 2009 under the project The 
Caribbean Water Initiative (CARIWIN).18 The goal of CARIWIN 
is to increase the capacity of Caribbean countries to deliver equi-
table and sustainable Integrated Water resources Management 
(IWRM). It sets out to achieve this by improving the capacity of 
the Caribbean Institute for Meteorology and Hydrology (CIMH) 
to meet the water management needs of their member states in 
a multi-stakeholder environment, in collaboration with regional 
and national networks, selected national governments and 
community water users. The mission of CIMH is to build national 
capacities in meteorology and hydrology. By integrating the 
IWRM approach into CIMH training and capacity development 
initiatives, the project will have a signifi cant multiplier effect 
throughout the Caribbean. CARIWIN, launched in February of 
2007, was jointly implemented by the Brace Centre for Water 

SPI maps for the Caribbean basin

Rainfall readings taken in 1, 3, 6 and 12 month intervals ending April 2009. The drought information can be found at www.cimh.edu.bb/precipindex.html

Source: CIMH

SPI for April 2009 SPI for February to April 2009

SPI for November 2008 to April 2009 SPI for May 2008 to April 2009

http://www.cimh.edu.bb/precipindex.html
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Crop Moisture Index (CMI) and measured soil moisture

Time series of CMI, and measured soil water content (using Sutron’s 5600-

0089 Soil Moisture/Temperature Sensor) at 10 cm depth at CIMH. The 

correlation between CMI and measured soil moisture was 0.74

Source: Shontelle Stoute 

also includes some islands forming an archipelago, as well as 
coastal South and Central America. The only indices/indicators 
of drought that would merit use on the regional scale would 
therefore have to be related to rainfall – as water fl ows, water 
levels and soil moisture would not apply. SPI maps are currently 
produced, with the intention of adding deciles to the monitoring. 
The fi rst regional maps were produced on 7 April 2009, which 
provided the precipitation status as of the end of March on four 
timescales, refl ecting the reality that different types of drought 
manifest themselves after different times lengths of exposure (for 
example, agricultural drought is expressed much sooner than 
hydrological drought). 

As many land stations as possible are being sought 
for the production of these maps. Over the sea and in 
areas where land data is not currently provided, NCEP/
NCAR23 reanalysis data is used. Currently 14 coun-
tries, particularly in the Eastern Caribbean, contribute 
monthly data to this endeavour. With time more coun-
tries in the archipelago are anticipated to contribute 
data, restricting the use of reanalysis data to over the 
sea. It is also important that there is some investigation 
into the relationship between the reanalysis data and 
actual station data. This task will also be performed. 
Using the reanalysis and land station data, SPI maps for 
1, 3, 6 and 12 month intervals are being produced in 
under seven days after the end of each month.

National monitoring
National monitoring will occur in the three 
CARIWIN partner countries of Jamaica, Guyana and 
Grenada. Another collaboration between CIMH and 
The Institute of Earth Sciences, University of Applied 
Sciences of Southern Switzerland would allow for 
two other islands (Barbados and Trinidad) to be 
included in the monitoring. It has to be determined 
which indices and indicators will be used to monitor 
drought in these countries. Unlike Caribbean Basin 
monitoring, indices and indicators utilizing data 
other than precipitation can also be engaged. Possible 
data sets that can be made available are currently 
being investigated; for example soil moisture, soil 
available water capacity, evapotranspiration, vegeta-
tion indicators, streamfl ow and reservoir levels. The 
usefulness of PDSI and CMI has already been inves-
tigated in Barbados in a preliminary way. In Jamaica, 
investigations are taking place into the use of the Soil 

Mean PDSI maps for Barbados

Mean PDSI map for April (left), and PDSI for April 1998 (right), an El Niño year, which was also drier than normal in Barbados. 

Note the more negative (drier) values in April 1998

Source: Shontelle Stoute 
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and Water Assessment Tool of the Grassland, Soil and Water 
Research Laboratory in Temple, Texas, USA to estimate soil 
moisture and stream flow. These would be related to SPI and 
Normalised Difference Vegetation Index data, and implies that 
rainfall indices will also be prime foci of the national monitors.

Projection of rainfall indices
CIMH currently produces a precipitation outlook for the Caribbean 
from Guyana in the south, across the island chain to Belize in the 
West. The information comes in the form of probabilities of normal, 
above normal and below normal rainfall with a lead time of three 
months. The forecasts will be used in combination with the monitor-
ing output to provide projections of precipitation index values with 
the same lead times.

A number of model outputs are used to produce the final outlook 
maps. Rainfall projections from the European Centre for Medium 
Range Forecasting, the International Research Institute for Climate 
Prediction and the United Kingdom Meteorological Office are 
combined with some subjective climatological experience. The 
intention is to produce at least two projections; one using the 
combined final outlook, and at least one using a lone model output. 
Model validation would be performed to determine the model that 
best represents the region.

Outcomes and benefits expected from CDPMN
The network is expected to improve the management of water 
resources, and aid in planning and adaptation to drought and heavy 
precipitation, which are real and increasing threats. It will fulfil four 
main functions:
• �Monitor the status of rainfall via climatological, hydrological, 

and other indicators
• �Undertake projections with lead times of up to three months by 

coupling seasonal forecasts with drought monitoring
• �Post warnings on CIMH website and disseminate to key agencies, 

governments and media in partner countries
• �Enable the development of adaptation and response strate-

gies to drought and excessive rainfall by creating a network of 
researchers working with stakeholders, including all levels of 
government from the local to national. 

 
Discussion so far has concentrated on the first three 
functions. A key aspect of the fourth function is an 
awareness of the impacts of the different severity classes 
of indices and indicators. For example, how did the 
peaks and troughs of the historical SPI for Edgecumbe, 
Barbados, impact on vital sectors of the economy such 
as agriculture and water resources? Research will pay 
some attention to relating the indices and indicators 
with impacts in the relevant sectors, and would be an 
important activity at both the local/community and 
national levels. 

In addition to monitoring trends, implementing 
early warning systems and networking, the CDPMN 
will define knowledge gaps and uncover the need to 
address extreme events and coping mechanisms. The 
network will be valuable for decision makers to be able 
to target their efforts on the most vulnerable regions 
and communities.

Through the CDPMN, which is expected to be fully 
operational by 2010, researchers and decision makers 
will gain access to a community of professionals 
working on drought and flooding/excess precipitation 
issues. They will partake in workshops and training 
sessions on impacts of extremes and how to adapt. They 
will be invited to share experiences and be involved in 
identifying and shaping the research priorities related to 
water resources, climate and climate change. 

Edgecumbe SPI Jul-Dec (6 months)

Historical SPI values for Edgecumbe, St. Philip, Barbados from 1856

Source: CIMH

Measuring river levels in St. Cuthbert Mission, Guyana
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Global warming has developed into a problem which if 
ignored will see significant and detrimental changes to 
the global environment. The fourth assessment report of 

the Intergovernmental Panel on Climate Change states unequiv-
ocally that the climate is becoming warmer, citing observed 
increases in global average air and ocean temperatures, as well 
as widespread melting of snow and ice.

 
Observing climate change has its complexities. While some 
symptoms of global warming are explicit the majority are more 
discreet. In addition, such signals are affected by natural variabil-
ity and thus do not appear in a uniformed guise worldwide. As 
such, any observational system for climate variability should be 
thoroughly consistent, of an extensive duration and have global 
coverage. 

 Japan Aerospace Exploration Agency (JAXA) is developing 
the Global Change Observation Mission (GCOM) in response to 
these requirements. GCOM will involve two medium-sized, polar 
orbiting satellite series. The series will stretch over multiple genera-
tions, with one-year overlaps between consecutive generations for 
inter-calibration. Two instruments were selected to cover the wide 
range of geophysical parameters required: the Advanced Microwave 
Scanning Radiometer-2 (AMSR2) for GCOM-W and the Second-
Generation Global Imager (SGLI) for GCOM-C. AMSR2 will cover 
observations relating to the global water and energy cycle, while 
SGLI will cover the surface and atmospheric measurements related 
to the carbon cycle and radiation budget.

GCOM-W
GCOM-W will focus on long-term observations related 
to global water and energy circulation, including the 
monitoring of polar areas. To achieve the desired 
results multichannel microwave radiometers will be 
used, which are capable of capturing quantitative data 
with the required frequency and at a global scale. More 
specifically, the radiometers will be used to gather 
quantitative measurements of given surface parameters 
through non-precipitating and – in some cases – light 
precipitating clouds. In addition, they will capture 
vertically integrated layer information via the interac-
tion of microwave radiation with intercepting media, 
such as rain drops or snow grain. 

 Leveraging the capabilities of AMSR2, GCOM-W will 
observe various changes in the cryosphere including 
variability in: sea ice, ice sheets and snow cover. Such 
measurements are considered an excellent indication 
of the potential extent and timing of global warming. 
Changes in sea surface temperature, precipitation, 
cloud water and water vapour will also be monitored in 
association with air-sea interactions, such as the El Niño-
Southern Oscillation. Finally, surface soil moisture will be 
observed to help quantitatively determine the water and 
energy balance between the land and atmosphere.

 The first generation GCOM-W (GCOM-W1) satel-
lite will be a medium-sized platform, smaller than the 
ADEOS and ADEOS-II satellites. This is to reduce the 
risk associated with large platforms that feature multi-
ple, valuable observing instruments. Also, since the 
ADEOS-II problem was related to the solar paddle, 
recent Japanese satellites almost always have dual solar 
paddles. One concern relating to the dual-paddle design 
was a possible influence on the Cold Sky Mirror (CSM) 
field of view, introducing cosmic background tempera-
tures to the feed horns. We have assessed the direct 
effects solar paddles have on the CSM by simulating 
observed brightness temperatures and it was confirmed 
that the direct effect was negligible. To avoid the 
shading of the solar paddles by large AMSR2 antennas 
and the effect to CSM mentioned above, the paddles 
were designed to have longer booms. The local time of 
the ascending node will be 13.30 to remain consistent 
with the Aqua/AMSR-E observations.

The system Preliminary Design Review of the 
GCOM-W1 satellite was completed in March 2008 and 
the AMSR2 system critical design review (CDR) was 
finished in November 2008. In designing the instru-
ments and interface for the spacecraft, the main goal 
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Overview of the GCOM-W1 satellite 
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GCOM-W data products will include brightness 
temperatures (Tb) and geophysical parameters in 
swath form. In addition, spatially and temporally aver-
aged global grid products will be generated. Since the 
Tb values are fed into retrieval algorithms to derive all 
the geophysical parameters and are directly used in the 
numerical data assimilation scheme, well-calibrated 
and stable Tb data is necessary. Eight geophysical 
parameters will be retrieved and processed as standard 
products. 

GCOM-C
For this series the four primary parameters will be 
atmosphere, ocean, land and cryosphere to best reflect 
the human contribution to climate change. In the 
atmosphere category measurements will centre on 
aerosol and cloud. In order to observe aerosol over land, 
three observation methods will be employed, namely: 
an ordinary split window method, a near-UV method 
and a polarimetry method. 

 In order to monitor the ocean, low polarization 
sensitivity for precise ocean colour observations and 
a 250 metre resolution near coastal areas is needed, 
because primary productivity depends largely on the 
coastal environment. For the land, a 250 metre reso-
lution, as well as multi-angle observation are planned 
so that it is possible to precisely evaluate vegetation 
and land use change, including primary production 
and deforestation. The cryosphere also requires a 250 
metre resolution to more accurately estimate loss of 
ice sheet, as well as snow physical characteristics. The 
aerosol effect on snow is a particularly important issue 
that needs to be monitored.  

The total number of observation channels has been 
reduced compared to the previous GLI sensor by opti-
mizing the objectives in each area. The signal to noise 
ratio at standard radiance is over 200 for the visible 
and near-infrared channels, while the noise equivalent 
temperature difference is lower than 0.2 Kelvin for 
thermal infrared (TIR) channels.  

To optimize broad spectral range requirements the 
system is split into two sensors. For visible and near-
infrared a push-bloom type sensor called the Visible and 
Near Infrared Radiometer (VNR) was selected to attain 
multi-angle polarimetry and non-polarimetry observa-
tion. To successfully achieve this with a whisk-bloom 
type sensor is difficult, as it requires a tilt mechanism 
and low polarization sensitivity, which are difficult to 
incorporate because of the sensor’s size and catoptric 
character. For non-polarimetry observation, the system 
has three telescopes to cover a wide area, and for polar-
imetry observation the system has two telescopes. For 
shortwave infrared and thermal infrared, the system 
has a whisk-bloom type sensor called, simply, Infrared 
Scanner (IRS) to take over from the GLI system. Each 
VNR and IRS has an on-board calibrator to manage 
change. 

The SGLI/VNR will cover a relatively large area for 
a push-bloom type sensor. Because of this, the obser-

was to improve the reliability and extend the lifespan of the units 
from three to five years. As a result, a redundant momentum wheel 
and an interface board for two signal processor circuits were added.

 The basic concept of AMSR2 is almost identical to that of the 
AMSR-E: conical scanning system with large offset parabolic antenna, 
feed horn cluster to realize multi-frequency observation, external cali-
bration with two temperature standards and total-power radiometer 
systems. The 2-metre diameter of the antenna, which is larger than 
that of AMSR-E, provides a better spatial resolution under the same 
orbit altitude of around 700 kilometres. There is also an allowance for 
slight underlaps in the 89 gigahertz scans, due to the narrower beam 
size of AMSR2 with the same sampling interval of AMSR-E. The C-band 
receiver uses additional 7.3 gigahertz channels to mitigate potential 
radio frequency interference. An incidence angle of 55 degrees (over 
the equator) was selected to keep consistency with AMSR-E. The 
observational swath width of 1,450 kilometres, combined with the 
selected satellite orbit, will provide almost complete coverage of the 
entire Earth’s surface within two days, independently for ascending and 
descending observations. 

Overview of the AMSR2 sensor unit
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Advanced Microwave Scanning Radiometer-2

Sun-synchronous orbit Altitude: 699.6km (over the 
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descending node: 13:30
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Phase-C study started in JFY2008

Major characteristics of the GCOM-W1 satellite

Source: JAXA
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vation orbit and swath design are crucial for the sensor system to 
work. A sun-synchronous orbit with an approximate height of 800 
kilometres and a 34 day revisit period was selected. Considering 
the observation frequency requirement, the sensor swath should be 
wider than 1,100 kilometres for every two-day observation at mid-
latitude. Because we are using a push-bloom type sensor for VNR, 
swath is an important parameter. The detector array size and total 
volume of optics depends largely on this parameter. The preferred 
local time at descending node is 10.30, taking into account the 
amount of cloud over the land.  

VNR consists of a non-polarimetry part, a polarimetry part, an 
on-board calibrator and an electrical component. For the non-
polarimetry part, which has 11 channels, there are three telescopes 
to cover a wide swath. To separate channels, we decided not to use 
a dichroic filter to minimise polarization sensitivities by optics. So, 
instead of using filters we decided to use along-track direction for 
spectral channels, though it has some parallax. Keeping a low inci-

dent angle in optical design, this sensor has very low 
polarization sensitivities – lower than two per cent.

For the polarimetry part, which has two channels, 
two telescopes with two wavelengths were employed. 
Because the polarimetry part is designed for tilt obser-
vation, the swath can be covered with one telescope. 
Two telescopes are used to minimize parallax between 
the three polarization direction sub-channels, and 
in each telescope there are three polarization direc-
tion sub-channels. With three polarization direction 
observations at 0, 60 and 120 degrees, it is possible to 
determine storks vectors (I, O, U) of observed light, 
where element V of the storks vector is negligible in 
natural light. Tilt observation geometry is required for 
the poralimetry part. The signal from aerosol is optimal 
in a forward scattering direction, therefore the observa-
tion direction must be forward tilted in the northern 
hemisphere, and backward tilted in the southern. In 
one orbit, the sensor tilts forwards and backwards once 
each. The scatter angle of aerosols to be measured is 
between 60 and 120 degrees.

For both non-polarimetry and polarimetry about 
6,000 element CCDs were used to cover a 1,150 kilo-
metre swath. To divide channels spectrally there is a 
striped colour filter on each detector array. For polar-
imetry, a striped polarizer is added. Then, the observed 
signal is digitized with a 12bit analogue-to-digital 
converter. When the satellite is not over land or coastal 
areas, the 250-metre resolution data will be integrated 
and averaged on board into 1-kilometre resolution data. 
The daily total data download rate will be about 70 giga-
byte, including both VNR and IRS data. 

For on-board calibration, the satellite is equipped 
with a solar diffuser, as well as an internal light. An 
attempt will also be made to use the Moon as a stable 
natural light source. Other observation modes for cali-

Centre 
frequency 
[GHz]

6.925 / 7.3

10.65

18.7

23.8

36.5

89.0

Band width 
[MHz]

350

100

200

400

1000

3000

Polarization

V and H

Beam width 
[deg.] (Ground 
resolution [km])

1.8 (35 x 62)

1.2 (24 x 42)

0.65 (14 x 22)

0.75 (15 x 26)

0.35 (7 x 12)

0.15 (3 x 5)

Sampling 
interval 
[km]

10

5

Frequency channels and resolutions of AMSR2

Source: JAXA

	 Channel	 Centre	 Band	 Standard	 Maximum	 Ground 
		  wavelength	 width	 Radiance	 Radiance	 resolution

		                VN,P,SW: nm		                VN, P: W/m2/sr/µm	 m
		              T: µm		                        T: Kelvin

	 VN1	 380	 10	 60	 210	 250 
	 VN2	 412	 10	 75	 250	 250 
	 VN3	 443	 10	 64	 400	 250 
	 VN4	 490	 10	 53	 120	 250 
	 VN5	 530	 20	 41	 350	 250 
	 VN6	 565	 20	 33	 90	 250 
	 VN7	 673.5	 20	 23	 62	 250 
	 VN8	 673.5	 20	 25	 210	 250 
	 VN9	 763	 12	 40	 350	 1000 
	 VN10	 868.5	 20	 8	 30	 250 
	 VN11	 868.5	 20	 30	 300	 250

	 P1 *1	 673.5	 20	 25	 250	 1000
	 P2 *1	 868.5	 20	 30	 300	 1000

	 SW1	 1050	 20	 57	 248	 1000 
	 SW2	 1380	 20	 8	 103	 1000 
	 SW3	 1630	 200	 3	 50	 250 
	 SW4	 2210	 50	 1.9	 20	 1000

	 T1	 10.8	 0.74	 300	 180~340	 500 
	 T2	 12.0	 0.74	 300	 180~340	 500

SGLI channel specifications

Source: JAXA

*1 Polarization channels should have capability to observe at three polarization 

direction (0,60,120 deg.) and NADIR / Tilt view at +-45 deg

“Full Earth-rise” taken by HDTV on JAXA’s Kaguya (SELENE) Spacecraft
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bration are also under study, such as the satellite 90-degree yaw 
manoeuvre. 

The total system design of IRS comes from the previous GLI on 
ADEOS-2, as well as the Ocean Colour and Temperature Scanner 
on ADEOS. IRS is a full catroptic optical system with a compact 
conical scanner to avoid any colour aberration. The detector range is 
covered by PV-MCT type detectors for TIR channels, while indium 
gallium arsenide detectors were selected for shortwave infrared 
(SWIR) to attain higher sensitivity and lower noise than on the GLI. 
For the cryo-cooler of the TIR focal plane assembly, a staring cycle 
cooler system is used. The required thermal environment for infra-
red detectors is about 55 Kelvin. For SWIR calibration we will also 
use solar and internal light, the same as VNR. For TIR, an ambient 
black body will be used as a high level input source. A deep space 
view is used for both SWIR and TIR at zero level. For TIR band the 
resolution is set at 500 metres, whereas the SWIR channel is set at 
1 kilometre except for one 250-metre channel. 

International cooperation
GCOM-W will play a role in the global precipitation 
measurement (GPM), a joint mission between NASA 
and Japan. GPM consists of a core satellite carrying 
a dual-frequency precipitation radar, a microwave 
radiometer and contributing satellites carrying 
microwave radiometers. GPM will enable frequent 
global observation of precipitation and water-related 
quantities.

GCOM has also started cooperating with the National 
Polar-orbiting Operational Environmental Satellite 
System (NPOESS).  NPOESS and GCOM will support 
the operational and research needs of the meteorologi-
cal, oceanographic, environmental and climatic remote 
sensing programmes as well as provide global environ-
mental support. Data from these satellites will also be 
made available to meteorological and environmental 
organizations to support their weather forecasting and 
climate prediction capabilities. The USA and Japan 
will jointly operate these two major satellite systems; 
sharing data and conducting joint calibration, valida-
tion and science activities. 

The GCOM satellite series in overview
The GCOM-W satellite series will globally observe 
water-related quantities in the atmosphere, ocean and 
on land. Data measured by AMSR-2 will be used to 
derive: water vapour content, cloud water content and 
precipitable water in the atmosphere; surface tempera-
ture, surface wind and ice in the ocean; and soil water 
content and snowfall on the land. This data will be used 
for societal benefits such as describing and forecasting 
phenomena such as El Niño and La Niña, monitoring 
sea-ice variations, monitoring and forecasting typhoons 
and providing a meteorological data service to daily 
weather forecasting facilities. Close collaboration mech-
anisms for the data use have already been established 
with national and international operational organiza-
tions for meteorology, maritime operations and fishery 
information services.

The GCOM-C satellite series will observe vegetation 
on the land, phytoplankton (ocean colour) in the coastal 
region and sea-surface temperature with a horizontal 
resolution of 250 metres. Highly variable aerosols in the 
atmosphere and snow, as well as ice parameters will be 
observed. Data can be practically applied to benefit society 
in collaboration with meteorological and fishery informa-
tion services. National and international environment 
research institutes will analyse the global changes in vege-
tation and sea-surface temperature.

The GCOM programme is Japan’s first attempt at 13 
years of continuous satellite observation with three series 
of satellites, each with a five-year lifespan, and one-year 
overlap. This mission was implemented because it is 
necessary to reveal the relationship between climate and 
the effects of human activity, namely to exclude the influ-
ences of solar activity, which change on an 11-year cycle, 
and natural variability on shorter cycles, to improve the 
accuracy of predicting climate change.   

Polarimetry and non-polarimetry observation

Non-polarimetry part using three telescopes (left); Polarimetry part using two 
telescopes (right)

Source: JAXA

Overview of the GCOM-C1 satellite
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Observing and understanding the ocean 
Dr P. Bernal, Executive Secretary, The Intergovernmental Oceanographic Commission,  

and Assistant Director-General, United Nations Educational, Scientific and Cultural Organization

The ocean plays a key role in regulating the climate system: 
capturing, transporting and releasing vast quantities of 
heat, the ocean serves as the memory of climate, influ-

encing patterns of drought and flood over land. The ocean is 
inexorably rising, expanding in volume as it warms, and from 
the landlocked ice that melts into it. 

Permanently absorbing nearly two billion tons of human-generated 
carbon from the atmosphere every year – and therefore reducing the 
speed of change – the ocean has already spared us from catastrophic 
climate change. Eventually the ocean will absorb most of the addi-
tional carbon civilization produces. However this is happening at 
the expense of the health of the ocean. A direct consequence is the 
growing acidity of the ocean, and the impact this has on ocean life 
and ecosystems. 

The ecological services the ocean provides are fundamental to 
the maintenance of life on Earth. This makes the ocean the ultimate 
global commons, because all humankind has a stake in preserving a 
healthy, functioning ocean. 

But many questions remain unanswered: 
• How will the ocean capacity to absorb carbon evolve? 
• What will the impact be on marine ecosystems? 
• �Are there tipping points in ocean circulation that by locking the 

climate system in a different equilibrium could lead to sudden 
changes in patterns of drought and rainfall over land? 

• �How are human stresses on the marine environment exacerbated 
by climate change?

In the past decade, we have started to systematically observe the 
ocean for the first time in history. In May 2009, 8,132 automated 
platforms collected data from the ocean. The Argo Project has 
seeded the ocean with more than 3,000 robotic floats evenly distrib-
uted across the globe. These floats park at a depth of 2,000 metres, 
rising once every ten days to the surface, measuring physical prop-
erties on their way up and transmitting their data by satellite once 
at the surface. 

Today satellites measure the surface of the ocean with great preci-
sion. They record changes in temperature that set the atmosphere 
in motion, measure the height and shape of the sea surface which 
reveals the speed and direction of the currents below, and derive the 
strength of the wind on its surface from observing and quantifying 
the waves it whips up. Around the world tide gauges record changes 
in sea level with high precision for climate monitoring, and with 
high speed for tsunami alerts. The data are used for climate monitor-
ing, research and forecasting, but also to support weather and ocean 
forecasts, as well as hazard warnings. Without ocean information 
it is impossible to predict seasonal rainfall anomalies, the appear-

ance of El Niño, or the extent of local sea-level rise. We 
would have difficulty predicting the amount of carbon 
in the atmosphere, and how fisheries will evolve under 
the effects of climate change. 

The Intergovernmental Oceanographic Commission 
(IOC) recently reported to the state parties of the 
United Nations Framework Convention on Climate 
Change that this success in expanding ocean observa-
tions rests on tenuous ground. While many nations 
contribute to sea level measurements along their 
coasts, only a limited number of nations contribute 
much to the satellite and in situ observing systems. On 
the satellite side, many of the ocean observing devices 
are launched as part of ‘research missions’, and the 
transition from these ad hoc missions to a long-term 
sustained monitoring effort has been extremely difficult 
to achieve. The European Union has made good strides 
into making commitments to sustaining essential ocean 
climate observations from space. But too many of these 
observations rely on research-based voluntary support 
structures that were never meant to sustain an observa-
tion and information system over the long-term. Until 
now following a policy of ‘business as usual’, nations 
of the world are not rising to the challenge of building 
perennial structures to monitor the ocean, a key part of 
the climate and life support system of the Earth.

These observations have been crucial in improving 
the scientific understanding and our ability to better 
predict the global climate system. In 2007 the Fourth 
Assessment Report of the Intergovernmental Panel on 
Climate Change categorically stated that climate change 
was ‘unequivocal’, based in part on the assessment of 
nearly 300 scientific papers written by oceanographers 
drawing on these new ocean observations. They noted 
evidence that the average temperature of the global 
oceans has increased, and that the ocean has been 
absorbing more than 80 per cent of the heat added to 
the climate system.

We also know that many centuries of change in the 
climate are already in the pipeline and will take place 
based solely on past emissions from human activities 
thus far since the beginning of the industrial age. So 
even if strong controls on emissions are negotiated, 
human populations, and particularly those in the devel-
oping world, will have to adjust to a changing climate, 
with different patterns of rainfall and drought and rising 
sea levels. It seems obvious that to underpin these diffi-
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both, which is key for making decisions on adaptation, 
we must improve our observations of the oceans and 
the numerical models with which we predict change.

To succeed in generating a global framework, devel-
oping specialized institutions that will turn the available 
and new knowledge into useful information for deci-
sions is critical. The impacts on ecosystems, and the 
key role that human and social vulnerability plays in 
designing the right adaptation strategies, need to be 
better understood. 

The overriding ethical concerns associated with 
climate change need to inform the decisions, not only 
of the international community, but also the critical 
decisions affecting citizens at the national, regional and 
local level. Local communities need to be empowered 
to participate in this dialogue. This is not only a chal-
lenge to the hardcore physical and natural sciences, but 
also to the social and human sciences. For this reason, 
UNESCO and its IOC are fully committed to the goals 
of the WCC-3, and ready to contribute to the develop-
ment of the tools and institutions that will help us to 
overcome this civilization challenge.

cult and expensive decisions to adapt societies to climate change, 
scientific knowledge is more important than ever. 

From studying the geological past we know that sea level can 
dramatically shift up or down, by up to 120 metres. This has 
shaped the coastlines of the world, as seen in the coastal plains 
carved by the different sea levels of the past. Evidence of these 
changes can also be found in coral reefs. For the organisms living 
then, this was a major challenge to which they had to adapt. 
Many perished in the process, but many successfully adapted to 
the change. Today it is not only nature that will have to adapt to 
these changes but our whole civilization. But we have built our 
civilization, with the entire infrastructure that supports it, on a 
given geological configuration that we take as immutable. Climate 
change confronts us with unavoidable change. For example, we 
have built mega cities on the existing coastline – cities that now 
need to adapt to sea-level rise and solve the problem of relocating 
large populations inland

To do this, understanding and prediction of the physical system 
will have to be scaled down to focus on local problems. Coming 
changes are far less known for a particular region than for the globe 
as a whole, likewise they are less known for the coming few decades 
than over the next century as a whole. To improve our knowledge of 

The evolution of ocean observations: from Fridtjof Nansen’s 19th century arctic expeditions to today’s sophisticated satellite technology
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The Global Climate Observing System  
as the observational foundation  

for climate services 
John W. Zillman, Chairman, Global Climate Observing System Steering Committee

For more than 100 years, international cooperation in the 
collection of meteorological observations has enabled 
National Meteorological Services (NMSs) around the 

world to keep their local communities informed on the changing 
patterns of weather and climate. Increasingly integrated obser-
vation of the atmospheric, oceanic, and terrestrial domains of 
the global climate system since the establishment of the World 
Climate Programme (WCP) in the wake of the First World 
Climate Conference in 1979 has underpinned the past 30 years 
of remarkable progress towards the understanding, modelling 
and prediction of climate on global, regional and national scales. 
The Global Climate Observing System (GCOS), which was 
established – following the Second World Climate Conference 
(WCC-2) in 1990 – by the World Meteorological Organization 
(WMO), the Intergovernmental Oceanographic Commission 
(IOC) of UNESCO, the United Nations Environment Programme 
(UNEP) and the International Council for Science (ICSU), 

will provide the essential observational founda-
tion for the new world climate services system 
that is expected to emerge from World Climate 
Conference-3.

The basic concept of operation for an NMS providing 
weather and climate services at the national level has 
been well understood for a long time.1 In addition the 
end-to-end service provision architecture from obser-
vations through data collection, processing, modelling, 
prediction and service delivery and application was 
well reflected at the international level in the 1960s and 
1970s by the WMO World Weather Watch.2 

The same overall end-to-end architecture of the 
traditional NMS and the World Weather Watch is 
equally valid for the provision of the much wider range 
of climate services now becoming both possible, as a 
result of integrated observation and modelling of the 
climate system, and necessary, as a result of the increas-
ing worldwide focus on climate risk management and 
adaptation to climate change. 

The WCP was established in 1979 with four compo-
nents:
• World Climate Data Programme (WCDP) 
• World Climate Applications Programme (WCAP) 
• World Climate Research Programme (WCRP) 
• World Climate Impacts Programme (WCIP).3

The first two of these were strongly service and appli-
cations focused, with the third aimed at providing 
the scientific basis for climate prediction in support 
of, among other things, the eventual introduction 
of climate prediction services at the national level 
in WMO Member countries. By the time of the 
WCC-2 in 1990, however, it had become clear that 
the observational foundation to support the WCRP, 
and especially the increasingly wide range of climate 
information, monitoring and prediction services, was 
severely inadequate and deteriorating and that there 
was an urgent need for a greatly strengthened global 
climate observing system. 

In the light of the conclusions of the WCC-2, 
WMO and three of its WCP cosponsoring partners 
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Programme and related international programmes 
which would serve its end-user objectives. 

The planning and implementation of GCOS over the 19 
years since WCC-2 has been guided by a GCOS Steering 
Committee (originally entitled Joint Scientific and 
Technical Committee) supported by a small WMO-based 
Secretariat. The role of the Steering Committee has been 
to advise GCOS sponsors, and those responsible for their 
observing systems, on how to ensure those systems most 
effectively meet the total global needs for climate and 
climate related observations.

The foundation for GCOS from the beginning has 
been the GOS of the World Weather Watch, maintained 
by the NMSs of the now 188 WMO Member countries, 
along with the much more comprehensive networks 
operated by NMSs for national weather forecasting and 
climate purposes. This has been strongly reinforced 
by the completion, in recent years, of one of the most 
important components of GOOS, the network of Argo 
floats. These provide temperature and salinity profiles 
of the upper 1,500 metres of the ocean, the key layer 
for coupled atmosphere-ocean modelling on seasonal to 
interannual timescales. 

During the late 1990s, GCOS implementation shifted 
from its initial emphasis on support of climate research 
and services to support of the UNFCCC, with a major 
‘Implementation Plan for the Global Observing System 
for Climate in Support of the UNFCCC’ completed in 
2004 and a recent progress report revealing significant 
progress over the past five years.4

Another important development of the past 
decade was the establishment of the Global Earth 
Observation System of Systems (GEOSS) as an even 
broader system of systems serving nine identified 
Societal Benefits Areas (SBAs) with the objectives of 
the climate SBA essentially identical with those of 
GCOS.5 With the establishment of GEOSS, and the 
recent shift in emphasis under the UNFCCC to adap-
tation to climate variability and change, the focus 
of GCOS is again returning to support for climate 
services in aid of the full range of applications at the 
national level. 

This shift is particularly timely in the context 
of World Climate Conference-3, with its focus on 
climate information and prediction for decision-
making, and the proposed new Global Framework for 
Climate Services. It is clear that any such framework 
must include, in addition to effective operational 
service provision systems and user applications 
(essentially a user oriented world climate services 
system), the fundamentally important underpin-
ning role of observations through GCOS and 
research through WCRP. Such an observation and 
research-based world climate services system, when 
implemented, will parallel and complement the role 
of the WMO-UNEP IPCC and UNFCCC, in support-
ing the mitigation end of the adaptation-mitigation 
spectrum of actions for addressing the challenges of 
climate variability and change. 

(UNEP, IOC and ICSU) took the initiative to establish GCOS 
as a ‘system of systems’ built on their existing global observ-
ing networks. Especially important components were the WMO 
Global Observing System (GOS) and Global Atmosphere Watch 
(GAW), and the emerging Global Ocean Observing System 
(GOOS) and Global Terrestrial Observing System (GTOS).  
The aim was to underpin the increasingly important climate 
monitoring and service needs of countries. This was reflected 
in the renaming of the WCDP as the World Climate Data and 
Monitoring Programme (WCDMP), and the WCAP as the World 
Climate Applications and Services Programme (WCASP). 

The objectives of GCOS were identified as providing the observa-
tional information needed for: 
• Climate system monitoring
• Climate change detection and attribution
• �Research to improve understanding, modelling and prediction of 

the climate system
• �Operational climate prediction on seasonal to interannual times-

cales
• �Assessment of the impact of, and vulnerability and adapta-

tion to, natural climate variability and human induced climate 
change

• �Applications and services for sustainable economic development
• �Requirements of the Intergovernmental Panel on Climate 

Change (IPCC) and the UN Framework Convention on Climate 
Change (UNFCCC) and other international conventions and 
agreements. 

It was not intended that, even as an integrated system of systems, 
GCOS should meet these end-user needs itself. Rather, GCOS was 
designed to support the various components of the World Climate 

A new Global Framework for Climate Services (GFCS)
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GEOSS: the backbone of  
decision making on climate  

José Achache, Director, Secretariat of the Group on Earth Observations

Since 2005, the Group on Earth Observations (GEO) has 
enabled 130 governments and international organizations 
to collaborate on linking together their space, aerial, ocean 

and land-based systems for environmental observation, predic-
tion and information. The resulting Global Earth Observation 
System of Systems (GEOSS) provides decision-support capabili-
ties and end-to-end services that support science-based decision 
making on major global challenges such as climate change and 
climate variability. 

When Governments adopted the ‘GEOSS 10-Year Implementation 
Plan’ for 2005 through 2015, they agreed that GEOSS should contrib-
ute to international efforts to understand, assess, predict, mitigate, 
and adapt to climate variability and change. The need for GEOSS to 
provide better information on climate was reiterated by the leaders 
of the G8 when they met in Hokkaido, Japan in July 2008. “To 
respond to the growing demand for Earth observation data,” they 
declared, “we will accelerate efforts within the GEOSS, which builds 
on the work of UN specialized agencies and programmes in priority 
areas, inter alia, climate change and water resources management, 
by strengthening observation, prediction and data sharing.” 

A cross-cutting issue par excellence, climate both affects and is 
affected by changes in the atmosphere, oceans, water cycle and 
biosphere, as well as land-use patterns, energy use, natural disas-
ters, socioeconomic conditions and many other variables. Because 
GEOSS addresses eight other major societal benefit areas in addition 
to climate, it captures and integrates a broad range of observations 
and analyses that are relevant to all aspects of the climate challenge. 

GEO member governments and participating organizations are 
coordinating the construction of GEOSS through an agreed work 
plan containing over 100 activities. This article will highlight four 
important activities that illustrate the different kinds of climate serv-
ices and monitoring systems that are currently being developed. 

End-to-end climate services
The GEO task to provide ‘environmental information for deci-
sion-making, risk management and adaptation’ addresses decision 
makers’ needs by integrating relevant climate and environmental 
risk management activities. The aim is to coordinate and drive the 
development of tailored climate products and services, encourage 
the use of this information by decision makers at all levels, and 
initiate user-oriented activities to increase the demand and foster 
the supply of climate and environmental services. This development 
also provides an illustration of how governments and organizations 
are implementing GEOSS as a collaborative effort through the coor-
dination framework provided by GEO.

The Australian Bureau of Meteorology, the World 
Meteorological Organization (WMO), the World 
Climate Research Programme (WCRP) and the 
International Geosphere-Biosphere Programme are 
leading an effort to enhance climate, weather, water 
and environmental prediction and to deliver new 
and improved services. Key activities relate to: seam-
less weather, climate and Earth system prediction; 
multi-scale organization of tropical convection and 
interaction with the global circulation; data assimila-
tion for coupled models as a prediction and validation 
tool for weather and climate research; and information 
to assess the risks and benefits of climate and weather 
predictions for society and the global economy. 

Complementing this effort, WCRP and the Global 
Climate Observing System (GCOS) are coordi-
nating the work of organizations and agencies 
committed to strengthening climate information for 
decision making, risk management and adaptation. 
In particular, they are promoting the funding and 
implementation of the Climate for Development in 
Africa Programme. This programme aims to improve 
the availability, exchange and use of climate informa-
tion and services at national, local and regional levels 
in support of economic growth and the Millennium 
Development Goals. African partners include the 
African Union, the UN Economic Commission for 
Africa, the African Development Bank, and African 
National Meteorological and Hydrological Services.  

Similarly, GCOS, WCRP and other GEO member 
governments and participating organizations are 
supporting the programme ‘Climate Observations 
and Regional Modeling in Support of Climate Risk 
Management and Sustainable Development’, which 
seeks to assist the developing and least-developed 
countries of Eastern Africa to undertake and use climate 
projections in adaptation planning. 

Global carbon monitoring
Another partnership is implementing a set of activities 
aimed at establishing a global carbon monitoring system 
as part of GEOSS. This system will include a forest 
carbon monitoring service that is being coordinated by 
the governments of Australia, Japan and Norway, plus 
the Committee on Earth Observation Satellites (CEOS), 
the Food and Agriculture Organization and the Global 
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are being coordinated with ground-based systems for 
validation and they will build, as appropriate, upon 
existing observations and products from satellites, 
aircraft, and surface-based instruments.

Strengthening observing systems
The GEO membership is working to maintain and 
expand the terrestrial, oceanic and atmospheric observ-
ing systems, both in-situ and space-based, underpinning 
scientific efforts to understand the climate. These 
systems are also central to the construction of GEOSS 
and to advances in other societal benefi t areas.

The Global Terrestrial Observing System (GTOS) and 
others are developing the intergovernmental mecha-
nisms for coordinating the terrestrial observations needed 
for climate studies and forecasting. In addition, GTOS is 
supporting the preparation of guidance materials, standards 
and reporting guidelines for terrestrial observing systems. It 
is also promoting work on the associated data, metadata and 
products that are needed to expand the comprehensiveness 
of current networks and to facilitate the exchange of data. 

The Global Ocean Observing System, the Partnership 
for Observation of the Global Oceans and the Institute of 
Electrical and Electronic Engineers, supported by another 
GEO Community of Practice (on coastal zones), are enhanc-
ing the coordination of coastal and open-ocean observations 
and modelling initiatives. Related activities include: improv-
ing the global coverage and data accuracy of coastal and 
open-ocean observing systems, as well as the management 

Terrestrial Observing System’s Global Observation of Forest and 
Land Cover Dynamics. 

This programme is building a rigorous forest carbon monitoring, 
reporting and verifi cation capacity by integrating data from various 
optical and radar Earth observation satellites. It uses agreed method-
ologies and models for estimating carbon content. The methodology is 
validated by in situ observations of the carbon content of forests and soils.

Combining data from different radar frequencies makes it possible to 
map the forest canopy and thus the biomass and carbon it contains. This 
sophisticated radar imagery can then be overlaid with optical imagery to 
provide the most complete remote representation of the forest possible.

The tools developed for this project could be mixed and matched to 
suit the particulars of any given forest while enabling forest managers and 
investors to demonstrate or confi rm the accuracy and comparability of 
the carbon measurements. This service has the potential to support the 
emerging carbon markets while contributing to efforts to track whether 
particular forests are net carbon emitters or net carbon sinks. 

Meanwhile, the Japan Aerospace Exploration Agency, the US 
National Aeronautics and Space Agency, the European Space 
Agency and others are fostering the use of space-based greenhouse 
gas (GHG) observations. They are consolidating data requirements 
for the next generation of GHG monitoring satellite missions and 
establishing an international group in close cooperation with the 
CEOS Atmospheric Composition virtual constellation and the 
GEO Community of Practice (an informal grouping of organiza-
tions sharing an interest in a particular societal issue) on the carbon 
cycle. They are initially focusing on the end-to-end use of space-
based GHG data, particularly those of Japan’s Greenhouse Gases 
Observing Satellite, which was launched in early 2009. These efforts 

The Global Earth Observation System of Systems

The Global Earth Observation System of Systems provides decision-support capabilities and end-to-end services that support science-based 

decision making on major global challenges
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and archiving of the resulting data and information; contributing to the 
implementation of global coastal and open-ocean observing networks 
by sustaining and extending the global array of Argo ocean monitor-
ing buoys; and developing a globally coordinated information and 
data system for monitoring the deep ocean and the dynamics of ocean  
processes throughout the ocean water column. 

The WMO is leading efforts to build a complete and stable Global 
Observing System. The surface-based component is to include in 
situ, airborne, land and possibly ocean measurements; high priority 
will be given to ensuring a stable and, as far as possible, automated 
World Weather Watch Upper Air Network and to further developing 
the Aircraft Meteorological Data Relay programme. The space-based 
module is to include operational geostationary and polar components. 

Finally, WCRP and yet another GEO Community of Practice (address-
ing the cryosphere) are collaborating on ensuring that the Legacy of the 
International Polar Year (IPY) 2007-08 enhances the use of Earth obser-
vations in all appropriate realms including, but not limited to, sea and 
land ice, permafrost, coastal erosion, physical and chemical polar ocean 
changes, marine and terrestrial ecosystem change, biodiversity monitor-
ing and impacts of increased resource exploitation and marine transport. 
The long-term goals are to ensure an appropriate legacy for IPY projects 
and to advocate the continuation of relevant efforts beyond the duration 
of the IPY.

A climate record for assessing variability and change
A fourth major effort is the GEO community’s work 
on extending and improving the quality of past climate 
records through advanced data reanalysis and recon-
struction of the atmosphere, ocean, land and sea ice 
domains. The aim is to generate high-quality, temporally 
homogeneous estimates of the past climate to support 
current analyses of climate variability and change. 

The activities under this effort include: reprocessing and 
reanalysing climate data to ensure consistency in histori-
cal records; extending the record of climate variability at 
the global scale in order to ensure a global coverage of 
high-resolution, well-dated reconstructions of past climate 
parameters in the ocean and on land; and securing key 
climate data from satellite systems. These activities are led 
by many of the GEO member governments and participat-
ing organizations already mentioned.

A framework for collaboration
These four examples, all related to the field of climate, 
are excellent illustrations of how governments and 
organizations are working together through GEO on 
a voluntary and best-efforts basis to construct GEOSS 
for the benefit of scientists, managers, decision makers 
and, ultimately, the global general public. By building on 
existing programmes, initiating new investments to fill 
gaps, and emphasizing synergies and partnerships, this 
collective endeavour demonstrates the old adage about 
how the whole can be greater than the sum of the parts.

To continually improve GEOSS, GEO is assessing 
user needs, developing technical standards to make 
data interoperable, improving information dissemina-
tion, and identifying gaps in current observing and 
information systems. GEO consistently pursues new 
opportunities for generating integrated data sets, infor-
mation products and analyses in near real-time, as well 
as combining data from a wide variety of fields and 
sources and presenting them in user-friendly formats. 

It is no accident that the construction of GEOSS 
has been initiated at this time. Until now, a critical 
mass of instruments, technologies, databases, models 
and decision-support services had not been realized. 
Similarly, the sense that ‘we are all in this together’, and 
that nations must collaborate on addressing our shared 
global problems, has only emerged in recent years. Both 
the supply side and the demand side of Earth observa-
tions have recently started to mature.

This non-binding and cooperative approach advocated by 
GEO may not be easy to understand at first, but it is the right 
model for global collaboration in the 21st century. GEO gets 
the incentive structure right by ensuring that contributors 
to GEOSS continue to manage and receive credit for their 
contributed components. At the same time, by collabo-
rating with others, these contributors leverage their own 
investments in Earth observations through better access to 
information, analyses and other collective resources. The 
end result is a stronger capacity for effective economic and 
societal decision making on an increasingly complex and 
interconnected planet. 

The GEOportal provides an entry point to access remote sensing, geospatial static 

and in situ data, information and services
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Our climate is changing faster than it has done for hundreds 
of thousands of years, driven by the greenhouse gases 
produced from human activities. Some changes have 

already occurred and, because of the greenhouse gases already in 
the atmosphere, we are guaranteed further changes in the coming 
years and decades. This will have significant effects on the UK – 
posing many potential threats and opportunities. It is essential to 
understand these issues so that we can start adapting now for the 
changes ahead.

The UK Climate Projections 2009 (UKCP09) – commissioned by 
the UK Department of Environment, Food and Rural Affairs – are 
a major step forward in addressing this need. UKCP09 involved the 
Met Office Hadley Centre producing an ambitious and comprehensive 
analysis of regional climate change. The projections provide proba-
bilistic information on how the UK’s climate will change in the 21st 
century based on state of the art climate models, observations and 
statistical analysis, combined with expert knowledge. The projections 
are a key part of a programme of measures from the UK Government 
to both encourage and support action to prepare for the impacts of 
our changing climate. The UK Climate Impacts Programme (UKCIP) 
provides the first point of contact to help stakeholders use UKCP09. 
The projections are designed to inform planners and decision makers 
about the risks associated with different levels of climate change in 
their efforts to tackle future challenges.

How the projections were made
Scenarios of UK climate change were published in 1991, 
1996, 1998 and 2002. These projections have formed 
the basis for many climate adaptation schemes already in 
progress. UKCP09 provides a step change in the informa-
tion available, by using the latest science and advanced 
computing power to produce the most comprehensive 
information to date.

The projections have been generated using the Met 
Office Hadley Centre climate model – recognized as one 
of the best in the world. This has been updated to take into 
account improved understanding of the climate system – 
such as recognition of how changes in the carbon cycle can 
exacerbate climate change.

There are still inherent uncertainties in climate modelling, 
however. These focus around an incomplete understand-
ing of the complex processes of the atmosphere ocean and 
land surface combined with natural varaibility. There is also 
uncertainty as to how manmade greenhouse gas emissions 
will change over the projection period.

UKCP09 tackles these uncertainties by using a range 
of projections generated by running its model hundreds 
of times using a range of different values for key param-
eters. This means many nuances in the understanding 
of atmospheric science are taken into account. To 
ensure an even wider spread of the possibilities is 
considered, 12 of the world’s other leading models have 
also been used to create projections. For the more local 
projections (at 25 kilometres resolution), more detailed 
climate models were run to include local factors that 
are known to affect regional climate, such as mountains 
and coastline.

The Met Office uses climate science, observations and 
expert judgement to attach levels of confidence to each of 
the projections. The level of probability given can be seen 
as the relative degree to which each climate outcome is 
supported by current evidence. 

The probabilistic approach, used at a regional level for 
the first time, allows UKCP09 users to get a clear picture of 
the likelihood attached to each projection. This enables an 
informed approach to risk – a highly important assessment 
when making vital decisions on levels of adaptation. 

The benefits of this approach are illustrated by compar-
ing results from UKCIP02 with those from UKCP09. The 
UKCIP02 projections for changes in summer average 
rainfall are shown to be very unlikely in the new UKCP09 
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A schematic diagram showing the progression from UKCIP02 to 
UKCP09, using temperature as an example

Source: Met Office UK
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of the science. In most other fi elds the UKCIP02 results fall 
close to the central estimate in the UKCP09 projections. 

How the projections are delivered
Probabilistic projections are given at a resolution of 25 
kilometres, but are also presented as averages over larger 
land and marine regions. They are delivered over seven 
overlapping 30-year periods and for three future emissions 
scenarios. Variables covered include temperature, precipi-
tation, relative humidity, cloud cover, heat radiation and 
mean sea level pressure. Monthly, seasonal and annual aver-
aged data are also provided.

There is a range of confi dence within the climate projec-
tions. There is very high confi dence in global warming 
due to manmade greenhouse gas emissions, while only 
moderate confi dence in projections at a continental scale. 
Information at a resolution of 25 kilometres is based on the 
continental scale, but includes the infl uence of local condi-
tions such as mountains and coastline. However, adding 
regional detail also adds uncertainty. Confi dence is also 
affected by the variable under discussion. For example, no 
probability information is given for regional or local wind 
changes. 

What the projections tell us
The projections give a measure of the strength of evidence 
for the UK climate changing in a particular way – a projected 
level of precipitation or temperature rise, for instance. The 
probability depends on the weight of scientifi c evidence 
behind the projections. It’s important to understand these 
probabilities refl ect how sure we are that a change will 
happen, rather than the ‘percentage chance’ of it occurring. 

projections. UKCIP02 overestimated the reductions in rainfall because its 
model (HadCM3) has a tendency to dry out compared to other models. 
The new projections better encompass the true range of our knowledge 

Comparison of changes in summer average rainfall by the 2080s under high emissions scenarios, 
from the UKCIP02 report and as projected in UKCP09

Source: Met Offi ce UK

Maps of winter and summer temperature change for 
2080s medium emissions compared with 1961-90

Source: Met Offi ce UK

The 50 per cent probability level (where the evidence for being above or below this level is equally strong) gives a useful central estimate. The 10 per cent and 

90 per cent probability levels give a useful range of possible outcomes
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Maps of annual average winter and summer rainfall change 
for the 2080s medium emissions compared with 1961-90

Source: Met Office UK

As a snapshot, the 50 per cent probability level (where the evidence for 
being above or below this level is equally strong) gives a useful central 
estimate. Looking at the spread of projections at different probabilities 
will give a clearer picture, however. 

Expected changes in climate
Temperatures will increase across the UK, more in summer than in winter. 
All areas will see increased winter rainfall and decreased summer rainfall, 
with little overall change in the annual average (for the central estimate).

If the world economy and population continue to grow, but we move 
away from fossil fuels to a more balanced energy mix and adopt new 
energy saving technologies, this would constitute a medium emissions 
scenario. Under such a scenario the summer average daily maximum 
temperature rise in the south east of the UK by the 2080s is likely to be 
above 2oC and below 6.4oC. The central estimate is 4oC. Hence, by the 
2080s typical summers will be around 2oC warmer than the warmest 
summers in the recent past (2003 and 2006). 

The impacts on the warmest day of summer could be even more 
dramatic. Although the central estimate of increases in the warmest day 
is only 3oC the range is bigger than for average temperature. So there is a 
10 per cent chance that increases could be as much as 10oC in some parts 
of the UK. As such, the hottest day of summer could be 33oC, compared 

with 30oC today. In a high emissions scenario, it is possible 
that temperatures in London could reach a peak of 41oC. 
The highest temperature recorded in the UK was 38.5 °C 
on 10 August 2003 in Faversham, Kent.

If we look only 40 years ahead to the 2050s we can still 
expect dramatic changes in climate, regardless of what we 
do to decrease emissions in the interim. We are locked 
in a climate trajectory for the next 30 years that reflects 
our historic emissions. So under all scenarios, average 
summer daily maximum temperatures will rise by around 
2-3oC to 23.5-24.5oC, making a typical summer as hot as 
the current warmest years on record. The 2003 and 2006 
summer daily maximum temperatures were 23oC and 
even the record-breaking summer of 1976 only reached 
an average of 24.1oC. 

With the same scenario for the 2080s, average summer 
rainfall for the south east is unlikely to decrease by more 
than 47 per cent, or increase by more than 7 per cent. The 
central estimate is for a decrease of 22 per cent. In contrast, 
during the winter, rainfall could increase significantly. In 
the north west, for example, it is very unlikely to increase 
by more than 35 per cent or by less than 3 per cent. The 
central estimate is for rainfall to increase by 16 per cent. 
It is, however, worth bearing in mind that there are large 
natural variations in rainfall. As summer rainfall decreases, 
on average we will see more dry records broken and fewer 
wet ones, but variations will still be large.

Regional differences are predicted as small, except in 
summer. Rainfall decreases more in the south and west than 
in the north and east. For example the central estimate of 
summer rainfall ranges from decreases of 10-20 per cent in 
Scotland to 30-40 per cent in Devon and Cornwall. 

Rainfall changes in the 2050s is likely to be a bit smaller 
with summer rainfall in the south east falling by 18 per cent 
and winter rainfall in the north west increasing by 13 per 
cent, or from 349 to 396 millimetres (where all these figures 
are central estimates). Similarly the wettest day of the winter 
will be wetter – on average increasing from 26 millimetres 
today to 29 millimetres in 2050. 

Adding value to the UK Climate Projections
UKCP09 represents a wealth of information that can add 
real value to decisions on adaptation. However, the projec-
tions are complex and need to be carefully interpreted, 
making full use of online documentation – such as the 
user guidance available on the UKCP09 website. Additional 
guidance can be provided by Defra funded work at UKCIP.1 
In addition, the Met Office can add value to UKCP09 by 
generating information and solutions tailored to the 
exact needs of users. This includes adding more detail to 
projections by focusing on specific locations, variables or 
scenarios, updating projections with the very latest science 
or taking user-specific situations into account. For example 
Extreme Value Analysis can be applied to UKCP09 to assess 
how the severity and frequency of extreme weather may 
change in the future. This information can be used when 
planning future infrastructure – for example ensuring 
adequate drainage on roads or future proofing public build-
ings to withstand increased hot spells.



[ ]140 

Bioclimatic modelling: linking  
biodiversity and climate science 

Dr Ahmed Djoghlaf, Executive Secretary; Jaime Webbe, Programme Officer;  
Annie Cung, Programme Assistant, Convention on Biological Diversity

Biodiversity is the term given to the variety of life on Earth – 
plants, animals and microrganisms. Biodiversity also includes 
genetic differences within each species and the variety of 

ecosystems such as deserts, forests, wetlands, mountains and agri-
cultural landscapes. In each ecosystem living creatures, including 
humans, form a community, interacting with one another and with 
the air, water and soil around them. We depend on biodiversity 
to live. Indeed, ecosystem services provide us with food, clean air, 
drinking water, raw materials, medicines and many other benefits.  

Many human activities threaten biodiversity. According to the 
Millennium Ecosystem Assessment, the main drivers of biodiversity loss 
include habitat change, climate change, invasive alien species, overexploi-
tation and pollution.1 Moreover, these drivers are either steady, show no 
evidence of declining over time, or are increasing in intensity. Therefore, 
changes in biodiversity are projected to continue, or accelerate. 

Observed changes in climate have already had significant impacts 
on biodiversity and ecosystems, including changes in species distribu-
tions, population sizes and timing of reproduction or migration events. 

Observed impacts include coral bleaching, wetland saliniza-
tion, expansion of arid and semi-arid lands at the expense 
of grasslands and acacia, poleward and upward shifts in 
habitats, replacement of tropical forests with savanna in 
the Amazon Basin and Mexico, and shifting desert dunes 
– particularly in Northern and Southern Africa. 

By the end of the 21st century, climate change and its 
impacts could become the dominant direct driver of biodi-
versity loss. According to the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change (IPCC),2 
approximately 20 to 30 per cent of plant and animal species 
assessed so far are likely to be at a higher risk of extinction if 
increases in global average temperature exceed 2oC to 3oC 
above pre-industrial levels.3 For example, a 51 to 65 per 
cent loss in the area of the Fynbos biome of South Africa is 
projected by 2050.4

To assess the impacts that the predicted changes in 
climate will have, scientists turn to a variety of modelling 
approaches. Due to the complexity of natural systems, 
predictive modelling is limited. Moreover, different model-
ling approaches have a varying degree of accuracy and yield 
a range of conclusions. The types of models used in a study 
can have important effects on the predicted impacts on 
biodiversity. However, such models can provide a good first 
approximation of the potential impacts of climate change. 
Nevertheless, model results should not be interpreted 
without due consideration of their limitations.

Bioclimatic models: linking science and policy
Attributing changes in biodiversity to climate change is 
complex because a number of non-climatic influences also 
affect it. However, recent studies analysing more than 1,700 
species show that recent biodiversity trends match climate 
change predictions, including range shifts towards the poles 
and advancement of spring events.5 

Modelling strategies for predicting the potential impacts 
of climate change on biodiversity often focus on the iden-
tification of a species’ bioclimatic envelope. This can be 
determined by correlating current species distributions 
with climate variables, or through an understanding of 
species’ physiological responses to climate changes. After 
having identified a species’ bioclimatic envelope, scenarios 
of future climate change can be applied to assess the enve-
lope redistribution.6 A recent analysis using bird species’ 
observed range shifts and climate change scenarios provided 
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Ho Chi Minh City, Vietnam. Changes in the climate impact biodiversity and thereby 

affect the ability of ecosystems to deliver goods and services for human well-being
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often have a difficult time convincing policy-makers of 
the climate change impacts they observe in the field.11 The 
IPCC, in its fourth assessment report, concluded with ‘very 
high confidence’12 that climate change is already affecting 
living systems.

The Ad Hoc Technical Expert Group (AHTEG) on 
biodiversity and climate change was convened in response 
to a decision from the Conference of the Parties to the 
Convention on Biological Diversity (CBD). AHTEG was 
established to provide biodiversity related information to 
the United Nations Framework Convention on Climate 
Change (UNFCCC) through the provision of scientific and 
technical advice on the integration of the conservation and 
sustainable use of biodiversity into climate change mitiga-
tion and adaptation activities. One of the tasks of the group 
was to identify relevant tools and methodologies for assess-
ing the impacts on, and vulnerabilities of, biodiversity as a 
result of climate change. Results from AHTEG revealed that 
key uncertainties limit our ability to project climate change 
impacts on ecosystems, but that despite their limitations, 
bioclimatic models provide a useful first assessment of the 
vulnerability of biodiversity.

Identifying climate data needs within the biodiversity 
community
There are a number of research needs and gaps with regards 
to assessing the impacts of climate change on biodiversity. 
Some of these have been filled, but many remain. For 
example, there is still a lack of extensive, readily avail-
able quantitative information on many species globally.13 
A review of relevant literature conducted in 2006 revealed 
a continuing terrestrial bias and identified additional gaps 
with regards to geographic distribution.14 In particular, 

validation of such models, and also demonstrated that uncertainty can be 
reduced by selecting the most consensual projections. This method can 
provide good range projections of species for the purposes of conserva-
tion planning and biodiversity management.7 

Due to the complexity of natural systems, predictive errors are inevi-
table. However, for certain species and at certain scales, the bioclimatic 
envelope approach can provide a first approximation of the potential 
impact of climate change on species distributions. Nevertheless, biocli-
matic models should only be applied and interpreted with a thorough 
understanding of the limitations involved. In particular, it should be 
noted that these models assume no barriers to movement which, in the 
case of highly fragmented ecosystems, may deliver a significant under-
estimation of the scale and scope of climate change impacts.

Change in biome8 area simulated by coupled Global Circulation 
Models and Global Vegetation Models may be used to estimate 
changes in species richness, if the assumption is made that the biome’s 
climatic definition is to be used as a proxy for the climatic envelope 
of multiple resident species.9 These types of models may not be well 
suited to estimate changes in biodiversity, since they usually assume 
that ecosystems or biomes simply shift location while maintaining 
their current composition and structure.10

Policies related to the conservation of biodiversity and climate change 
need to be informed by the best possible recent scientific findings. 
However, these findings depend on the accuracy of modelling techniques 
and confidence in projections of future climate change and its impacts. 
Policy formulation and decision making is therefore often based on a 
certain degree of scientific uncertainty. It is important that policy makers 
are well informed of this uncertainty.

For IPCC experts, assessing the extent to which recent observed 
changes in biodiversity were caused by climate change was a very diffi-
cult task. These difficulties were partly due to the differences in approach 
between biologists and other disciplines, and in perspectives of what 
constitutes an important factor of change. Moreover, field biologists 

Mendenhall Glacier: the melting of glaciers is accelerating rapidly in Alaska. Animals 

that dwell on or near glaciers may be affected by the disappearance of their habitats

Kea, an alpine parrot endemic to New Zealand’s alpine areas. The 

Kea is considered an endangered species. Potential threats for this 

species include the effects of climate change on alpine areas
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the review revealed that, of the 866 peer-reviewed papers considered, 
most impact studies were based in North America, northern Europe and 
Russia. There were very few studies on impacts in South America, and 
even fewer from Africa (mostly South Africa) and Asia (mostly Japan).

 Other uncertainties with regards to the impacts of climate change 
on biodiversity can be drawn from the impacts of interactions between 
climate change and other drivers of global environmental change in 
ecosystems. Indeed, models often separate the impacts of climate change 
from other human activities. For example, human land and water use 
patterns are available for many parts of the world, but are not widely inte-
grated into the typical models used for looking at biodiversity impacts.15  

Moreover, ecosystems are complex, and therefore responses to climate 
change are rarely linear. Changes may take place in the form of sudden 
shifts, whose timing and location are difficult to predict. Such responses 
may include thresholds beyond which adaptation may be impossible.16 
This uncertainty is exacerbated by the fact that downscaling of climate 
data is particularly poor for precipitation and extreme events.

However, despite uncertainties, conserving biodiversity can be an 
important safeguard. Diverse ecosystems may to some extent buffer 
against moderate changes in climate. In particular, the diversity of species 
and interactions amongst them, as well as landscape-scale habitat hetero-
geneity, may provide a range of natural adaptive capacity in the face of a 
certain level of change.17 

Partnerships and alliances
To improve information sharing and collaboration between the climate 
and biodiversity communities, strategic partnerships and alliances are 
crucial. A great amount of knowledge in both fields currently exists, but 

there is often little communication and sharing of data and 
information. Furthermore, while current projections of 
climate change impacts are based on both observational data 
and modelling, there is a need to ensure further collabora-
tion between scientists generating each type of data. Climate 
change is a multifaceted issue and therefore addressing it 
requires a multidisciplinary and multilevel approach.

Convention on Biological Diversity (CBD) contributes 
to relevant processes under the World Meteorological 
Organization (WMO) and benefits enormously from the 
contribution of WMO to the development of scientific 
information on climate and climate change. With regards to 
World Climate Conference-3, this collaboration will allow 
the climate community to provide more user-oriented infor-
mation and predictions, and will in turn improve access and 
use by CBD of climate information and prediction.

In addition, the secretariats of the CBD and UNFCCC 
collaborate on a number of issues ranging from the provision 
of inputs and views, to participation in respective processes, 
to ensure that activities are mutually supportive. The work 
by the secretariats is also supported by a number of official 
processes such as AHTEG, convened under the CBD. In fact 
this AHTEG has issued an action pledge under the Nairobi 
work programme on impacts, vulnerability and adaptation 
to climate change on improving bioclimatic modelling. 

When running models, the availability of data is often 
a limiting factor. The Global Biodiversity Information 
Facility (GBIF) and the CBD secretariat signed a 
Memorandum of Cooperation in July 2003. The goals of 
this agreement include facilitating the development and 
implementation of technologies and best practices that will 
be necessary to access, share and disseminate biodiver-
sity data via the Internet. On the issue of climate change, 
GBIF is contributing to the construction of the Global 
Earth Observation System of Systems (GEOSS) in order 
to link biodiversity data with climate data. GEOSS links 
together existing and planned observing systems around 
the world, combining the thousands of different instru-
ments into coherent data sets.18

Conclusion
Despite their limitations, bioclimatic models allow a useful 
and often accurate first assessment of changes in biodiver-
sity, especially when informed by observational data. Policies 
must be formulated taking into account the likely impacts 
from a range of climate change scenarios and projections. 

Although uncertainty in models is unavoidable given 
the complexity of climate-biodiversity interactions and the 
impacts of other drivers of change, this uncertainty should 
not become a reason for inaction. Perhaps biodiversity and 
climate change policy should best be considered as risk 
avoidance and minimization in order to balance the prob-
ability of certain events with the costs of addressing them. 

As both the climate and the natural environment are 
highly complex systems, the exact replication of their func-
tioning will never be achieved, despite advances in modelling 
techniques. Therefore, one must make the best use possible 
of existing knowledge and techniques, which is made possi-
ble through effective collaboration and partnerships.

Red-eyed Tree Frog, Agalychnis callidryas, Gandoca Costa Rica. Since frogs 

rely on water to breed, any reduction or change in rainfall could reduce frog 

reproduction. Moreover, rising temperatures are closely linked to outbreaks 

of a fungal disease that contributes to the decline of amphibian populations, 

especially frogs in Latin America
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Modelling in earth system science 
Michio Kawamiya and Tatsushi Tokioka, Research Institute for Global Change, 

Japan Agency for Marine-earth Science and Technology

Changes in the natural environment due to human activi-
ties are becoming visible. While one of the most evident 
examples is global warming, the problem goes well 

beyond the single issue and includes ocean acidifi cation, pertur-
bations of the global nitrogen cycle due to industrial fi xation 
and others. These issues are mutually related, and none of them 
can be solved without interdisciplinary collaboration among 
scientifi c fi elds such as meteorology, oceanography, geochemis-
try, biology and even social sciences. Recognizing the situation, 
scientists have been arguing the necessity of an ‘earth system 
science’ (ESS), where the global environment is recognized as 
a system composed of its interacting subsystems: atmosphere, 
ocean, biosphere, cryosphere and society.

Among early advocates of the concept of ESS were the Russian scien-
tist V. Vernadskii, who established the biosphere concept in the 
1920s, and J. Lovelock and L. Margulis, the founders of the Gaia 
hypothesis, who provoked a lot of dispute in the 1970s by claiming 
that the biosphere plays an active role in maintaining the global 
environment. Based on these preceding ideas, a report by NASA 
Advisory Council in 1988 fi rst used the term ‘earth system science’ 
explicitly and provided a clear defi nition of ESS as used today. It sets 
the goal of ESS as: ‘to obtain a scientifi c understanding of the entire 
earth system on a global scale by describing how its component 
parts and their interactions have evolved, how they function, and 

how they may be expected to continue to evolve on all 
timescales’. The Advisory Council also points out that 
accomplishing this goal would require various research 
schemes such as numerical modelling, global observing 
systems and information networks that enable effi cient 
dissemination of observed data and research outputs. 
The predictive statement was surprisingly accurate 
taking into consideration that, around that time, inter-
net usage was limited to certain advanced institutes and 
there were very few attempts to incorporate biogeo-
chemical processes into general circulation models.

Models used in ESS, and conceptual models
As the NASA report emphasized, modelling can be a 
powerful tool for investigating the dynamics of the earth 
system. Models that have been developed and applied for 
this purpose can be categorized according to the degree 
of complexity and integration. Models in the category 
‘conceptual models’ with the lowest level of complexity 
consist of several simple equations mimicking certain 
aspects of the complicated behaviours of the earth system. 
The simplest example is the model for calculating the 
radiative equilibrium temperature of the earth, which a 
meteorology student will fi nd in the fi rst chapter of their 
textbook. During the late 1960s and the 1970s, authors 
including M. I. Budyko and W. Sellers proposed models 
of this category for discussing multiple equilibriums inher-
ently possessed by the earth system due to interactions 
between the cryosphere and atmosphere. These concep-
tual models can often be analytically manipulated yet 
remain instructive, allowing us to grasp the mechanism 
of interactions and feedback operating in the earth system. 
The degree of abstraction is, however, extremely high for 
this type of model and the correspondence between their 
equations and processes in nature is not readily conceiv-
able, which leads to a fundamental diffi culty in estimating 
model parameter values. Models of this category are, there-
fore, mainly applied as educational tools or as supporting 
material to construct a theoretical framework, and rarely 
used for a projective purpose.

Earth system models with intermediate complexity
At the other extreme, atmospheric and oceanic general 
circulation models (GCMs) have been applied to 
projections of El Niño-Southern Oscillation events and 
global warming. GCM-based earth system models have 
the drawback that they are computationally expensive. 

Observing, Predicting and PrOjecting climate cOnditiOns 

Categorization of earth system models

Model types categorized according to the degree of complexity and integration. 

Models in the category ‘conceptual models’ have the lowest level of complexity

Source: Claussen et al. (2002), Clim. Dyn. 18, 579-586
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A good example is the structure and results of MIROC-
ESM, the GCM-based ESM developed by Japan Agency 
for Marine-earth Science and Technology (JAMSTEC), 
under collaboration with Center for Climate System 
Research, University of Tokyo, and National Institute 
for Environmental Studies.

The target resolution for the model development is 
280 kilometres with 80 vertical levels for the atmos-
phere and 50-140 kilometres (spatially variable) with 
44 levels for the ocean. The resolution is rather coarse, 
particularly considering the fact that JAMSTEC runs 
the Earth Simulator, once the world’s fastest computer 
and still one of the fastest available for earth scientists. 
Coupling many components with a GCM is itself a chal-
lenging task for model developers. Furthermore, some 
of the component modules are quite expensive in terms 
of computer resources. Plunging into a high-resolution 
ESM from the start is not a wise choice. A unique aspect 
of MIROC-ESM is its sophisticated treatment of the 
stratosphere, leading to reproduction of self-sustained 
Quasi-Biennial Oscillation and realistic distributions of 
chemical particles such as ozone. 

MIROC-ESM was involved in a coordinated experiment 
under C4MIP, in which interactions between climate and 
carbon cycle were examined. Results showed that, when 
interactions are taken into account, the estimated CO2 
concentration for 2100 has to be elevated by 120ppm 
compared to the case where no interactions are consid-
ered. The main mechanisms are enhancement of microbial 
degradation of soil carbon, and lower uptake of excess CO2 
by oceans due to lower solubility of CO2, both of which 

In order to fi ll the gap between conceptual models and GCMs, 
earth system models with intermediate complexity (EMICs) are 
now being vigorously developed. EMICs greatly simplify equations 
of motion for the atmosphere and ocean and radiation processes, 
retaining the minimal ability to reproduce realistic properties such 
as geographical temperature distribution and deep water formation. 
EMICs require fewer computer resources, and can be integrated 
without supercomputers.

Using the advantage of computational effi ciency, EMICs have 
often been applied to paleoclimate studies, in which model integra-
tion of tens of thousands of years is common. Embedding vegetation 
dynamics and carbon cycle processes in EMICs is an active fi eld. 
Indeed, four EMICs with the carbon cycle made a signifi cant contri-
bution to the IPCC Fourth Assessment Report (AR4) by participating 
in the Coupled Climate Carbon Cycle Model Intercomparison 
Project (C4MIP) together with seven GCMs. EMICs are also suit-
able for tackling problems addressed in the coming Paleo Carbon 
Modelling Intercomparison Project. 

General circulation models
EMICs constitute, with carefully designed experiments, an impor-
tant element for future projection and interpretation of past events 
with timescales longer than a few hundred years. However, they 
have the same drawback of a high degree of abstraction as pointed 
out for conceptual models, although to a lesser extent. It is desirable 
to make a parallel use of GCM-based earth system models (ESMs) 
and EMICs in a complementary manner within the allowance 
of computer resources. Many of the institutes involved in global 
warming projection are developing elaborate ESMs by coupling 
biogeochemical modules (vegetation dynamics, carbon cycle and 
others) with GCMs. 

Components in MIROC-ESM, a GCM-based earth system model

Increasingly elaborate earth system models are being developed for global warming projection by coupling biogeochemical modules with general circulation models

Source: JAMSTEC



[ ]145 

Observing, Predicting and Projecting Climate Conditions 

are associated with higher temperature. The 120ppm elevation of CO2 
corresponds approximately to 1ºC. This is clearly significant for global 
warming projection where a typical range of temperature rise is 2-4ºC. 
Namely, there is a feedback loop between climate and carbon cycle, in 
which warming raises CO2 concentration and vice versa, meaning that 
the feedback is positive. 

One of the difficulties in developing ESMs exists in the short-
ages of available data to verify them. Interactive processes between 
climate and carbon cycles in ESMs need to be verified against obser-
vations as soon as possible. A recent preliminary experiment with 
a new version of MIROC-ESM – where a spatially explicit and 
individual based dynamical global vegetation model is included – 
shows a possibility of considerably reduced feedback compared to 
the previous C4MIP case (under the same anthropogenic CO2 emis-
sion scenario A2) through growth of new types of vegetation under 
changing climate. Uncertainty in the intensity of climate-carbon 
cycle feedback will be one of the central themes for the next assess-
ment report of IPCC. Geographical distributions of monthly mean 
CO2 and methane, which will be available from the satellite GOSAT, 
are expected to contribute with respect to verifying short-term proc-
esses in the carbon cycle and reducing associated uncertainties.

The climate-carbon cycle feedback has implications for the design 
of a long-term mitigation plan against global warming. IPCC AR4 for 
Working Group 2 discusses CO2 stabilization targets and emission 
pathways to achieve them, often without considering the feedback. By 
appropriately adopting ESMs, it is possible to evaluate its impact on 
emission pathways. Such experiments have been indeed performed 
by some of the existing GCM-based ESMs. Results from MIROC-ESM 
show that the permissible emission to accomplish CO2 stabilization 
is reduced by around 20 per cent when climate and carbon cycle are 

allowed to interact. In order to provide a scientific basis 
for mitigation planning in the Fifth Assessment Report of 
IPCC, due in 2013, international coordination is under-
way to organize experiments for evaluating permissible 
emissions with GCM-based ESMs.

Outlook
The concept of ESS has existed for a relatively long time, 
but realization of the urgent need for it has only been 
appropriately recognized over the last decade. This is 
perhaps why scientists are still hesitant to acknowledge 
this new field as a discipline. Another reason may be that, 
while other new scientific fields have often defined them-
selves by restricting subjects and methods, ESS has in its 
nature an inclination toward widening of subjects and 
integration of exiting paradigms.

ESS should be regarded as a framework of thought rather 
than an established discipline. This interpretation is perhaps 
more readily acceptable to most scientists, but raises 
another question, as to whether ESS is really a ‘specialty’ 
worth dedicating a considerable portion of a scientific career 
to. However, under the current situation where responding 
to global change is a pressing mission for earth science as 
a whole, the necessity of a ‘bridge’ is obvious for connect-
ing ever-deepening traditional disciplines. It would be an 
invaluable work if earth-system scientists could create and 
develop a common mindset that commands a bird’s-eye 
view of relevant fields of earth science and possibly social 
science. Modelling will continue to contribute to a coopera-
tive growth of diversifying disciplines and expanding ESS.

Theoretical performance of the new Earth Simulator, upgraded in April 2009, is three times as high as that of the former
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Rowan Sutton, National Centre for Atmospheric Science, UK

The potential benefits of reliable seasonal to decadal 
climate prediction are enormous, and evident in both 
the impacts that could be avoided as a result, and the 

forecast applications developed by various centres. Users of 
these predictions are often most interested in extremes such 
as drought, flooding or heat waves. Studies show it is when 
natural and anthropogenic climate change combine that 
extremes become more frequent and more intense, so predic-
tion systems need to include both sources of variability. 
This understanding has led to a growing need for initial-
ized predictions to provide advance warning of impending 
extremes, and to respond and adapt to climate change. State-
of-the-art seasonal to decadal predictions are best placed to 
predict these events because they are initialized with the 
current state of the climate system while also including 
expected changes in anthropogenic forcing. This has accel-
erated the requirement for seasonal to decadal predictions 
to be incorporated into the operational output of National 
Meteorological and Hydrological Services (NMHSs).

The Met Office makes routine predictions across seasonal to multi-
decadal timescales. Relatively detailed predictions are made in 
some regions, mainly in the tropics, where skill levels are highest. 
Decadal predictions offer the possibility of additional extratropical 
predictability, due in part to the growing anthropogenic climate 
change signal and in part to low-frequency Atlantic variability. The 
main forecasting tools are dynamical prediction systems which use 
coupled ocean-atmosphere general circulation models to develop 
ensemble predictions, allowing assessment of uncertainties in the 
forecast. Below are some examples of long-range forecast applica-
tions, covering a range of (tropical and extratropical) locations, 
timescales, customers and impacts, and illustrating international 
collaborations.

Regional Climate Outlook Forums (RCOFs) are currently 
convened for regions with strong rainfall seasonality (such as 
the West African monsoon, and the East African wet seasons). 
Their main objective is to develop a consensus broad-scale 
outlook, which may be elaborated to national scales by the 
respective NMHSs, and disseminated to sectors including agri-
culture, water resources, energy, health and media. The forums 
also provide opportunities to form alliances between forecast 
users and producers, for users to feed back requirements to 
producers and for institutional capacity building. The consen-
sus outlooks are developed using statistical and dynamical 
forecasts, blended where discrepancies occur using interpreta-

tion from regional experts. An example of dynamical 
model input to RCOFs is the rainfall prediction over 
West Africa for July-September 2008 from the Met 
Office coupled ocean-atmosphere seasonal predic-
tion system (GloSea). The prediction formed one 
input to an update forecast for the region, devel-
oped following the West Africa RCOF (PRESAO 11) 
and issued by the African Centre of Meteorological 
Applications for Development on 27 June 2008. 
Forecast statements highlighted enhanced risk 
of wet conditions and advised a strengthening of 
local weather watches. In response to the forecast a 
number of flood mitigation procedures were imple-
mented by the International Federation of Red Cross 
and Red Crescent Societies, including pre-position-
ing of emergency stocks. In the event, heavy rain 
and flooding affected many West African countries 
in July 2008. 

The relatively good seasonal prediction skill for 
West Africa has also led to the development of a 
number of applications for river basin and reservoir 
management in the region. The Met Office has devel-
oped a system to predict water volume inflow into 
Lake Volta, to assist management of the 1,000-mega-
watt hydro-electric power plant near Akosombo, at 
the lake’s southern end. Inflow peaks in September, 
with around 95 per cent occurring between June 
and November. Predictions for total inflow over this 
period are made from May, with updates issued each 
month. The predictions are derived using observed 
preceding rainfall and river flow in the catchment, 
global sea surface temperature patterns and GloSea-
predicted rainfall spanning the target period. On 
average, over a 20-year period, these predictions are 
more accurate than predictions using only catchment 
observations. 

Hindcast skill of dynamical models over much of 
Europe is currently  marginal, especially for precipi-
tation. However, there is the potential for predictions 
in individual years to be informative. The Met Office 
has adopted a process for generating seasonal predic-
tions for Europe by combining dynamical-model 
output with data from several other sources. This 
approach was first used for the winter 2005-2006, 
exploiting connections between sea-surface temper-

Observing, Predicting and Projecting Climate Conditions 
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In hindcasts, the method predicts well the interan-
nual variability of storm numbers and ACE index. 
Real-time forecasts since 2007 have also been 
successful: 12 storms occurred in 2007 when the best 
estimate prediction was ten, and 15 storms in 2008 
when the best estimate prediction was 15.

Currently applications in the health sector are prob-
ably best developed for malaria prediction in Africa. In 
malaria-prone regions incidence of the disease is posi-
tively correlated with seasonal rainfall totals. Research has 
demonstrated the potential of using dynamical seasonal 
predictions to predict malaria incidence in southern Africa. 
Ensemble-mean November-February rainfall anomalies 
from dynamical models of three centres participating 
in the EU project DEMETER (Met Offi ce, ECMWF and 
Météo-France) show spatial distributions that are similar 
to observed distributions when composited for years with 

atures in the North Atlantic and northern European winter 
climate, and later for the summers of 2007 and 2008, when tele-
connections between Europe and the tropical Pacifi c (in La Niña 
phase) were invoked. In all these cases the ‘consolidated’ forecast 
provided generally accurate guidance.

The cost of tropical storm damage represents one of the 
largest risks covered by the insurance sector, and consequently 
there is considerable interest in its long-lead prediction. Recent 
research has shown that the skill of dynamical systems, such as 
GloSea, for predicting the numbers of North Atlantic tropical 
storms is comparable to that of statistical prediction methods, 
which have traditionally formed the basis of most published 
predictions. Based on research initiated at ECMWF and using 
GloSea, the Met Office issues predictions of tropical storm 
numbers and the accumulated cyclone energy (ACE) index 
(a measure of the collective intensity and duration of storms) 
during July-November. 

Predictions and observations for the 2008 wet season in West Africa

a) GloSea-predicted probability for rainfall above the 1987-2001 average, for JAS08 b) Prediction skill based on hindcasts for 1987-2001, scores greater 

than 0.5 indicate forecasts are better than guesswork and perfect forecasts would attain a score of 1.0 c) PRESAO 11 consensus update forecast showing 

predicted probabilities of (top to bottom) above-average, average, below-average rainfall for each geographical zone indicated by the colour shading. d) 

observed JAS08 rainfall anomalies relative to 1979-2000

Source: a) and b) Met Offi ce Hadley Centre, c) African Centre for Meteorological Applications for Development, d) International Research Institute for Climate and Society
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highest and lowest malaria incidence. Multi-model output from these 
centres has since been used as input to Malaria Outlook Forums in 
Botswana.

Applications of decadal predictions are at a more experimental 
stage than seasonal forecast applications. Using a decadal predic-
tion system (DePreSys) which includes present day observations, 
the Met Offi ce has developed updated long-term temperature 
averages, used for planning in many sectors. Because of warming 
trends, averages based on the standard period 1971-2000 are 
more representative of the 1980s than of present-day climate. To 
account for climate change, decadal predictions are used to extend 
the observed historical temperature record into the future. The 
long-term temperature averages for particular years are then calcu-
lated using a mix of observations and predictions. The method has 
been tested for the UK, using hindcasts from the early 1980s, and 
has been found to provide more accurate estimates than multi-
decadal climatologies based only on past observations.

Accessibility to seasonal forecast information for use by 
Regional Climate Centres (RCCs), RCOFs and NMHSs has 
improved considerably in recent years following WMO desig-
nation of 11 Global Producing Centres of long-range forecasts 
(GPCs). In order to promote coordination in both forecast 
and validation outputs GPCs must adhere to minimum criteria 
for products. Additional long-range forecast products are also 
available from other centres, currently not designated as WMO 
GPCs. A signifi cant boost to international cooperation occurred 
in 2009 with WMO designation of a Lead Centre for Long-range 
Forecast Multi-Model Ensembles, jointly hosted by the Korean 
Meteorological Agency and the NOAA National Centres for 
Environmental Prediction. The centre has a range of functions, 
with two central themes:

•  To provide a single portal from which users (RCCs, 
RCOFs, NMSs and GPCs) can access GPC forecast 
output in common formats

•  To promote research and generate multi-model 
products from the GPC forecasts.

The Met Offi ce continues to work towards improving 
dynamical prediction models, including their resolution 
and initialization, to produce more accurate simula-
tions of climate variability and improve forecasts. 
There remain many processes, with global teleconnec-
tions, which are currently poorly modelled, yet offer 
great potential for improving seasonal to decadal fore-
casts. This suggests a permanent role for semi-empirical 
forecast methods as a benchmark in development of 
seasonal to decadal forecasts, as these methods can 
sometimes represent a sizeable portion of regional 
climate variability with just a few predictable factors.

Even with model development and improved initial-
ization, seasonal to decadal forecasts will always be 
subject to uncertainties. Forecasts need to include likely 
ranges of uncertainty and this represents a barrier to 
many users, including the public. Another barrier to 
wider use is in transforming the forecast output into 
user-relevant quantities. There is a great need to couple 
with more application-based models to represent 
downstream impacts such as health, crops and water 
availability. The climate prediction community needs to 
face up to the challenge of simplifying the format and 
language of forecasts, and working with a broad range 
of users to tailor forecasts to their needs.

Verifi cation of predictions for tropical storm numbers and ACE in the North Atlantic

Ensemble-mean hindcasts (blue) from June and observations (red) of A) tropical storm numbers and B) ACE index (divided by 10) for July-November periods, 

1987-2007. In both cases, the correlation of hindcasts and observations is ~0.6; observations from HURDAT (Jarvinen et al. 1984)

Source: Met Offi ce Hadley Centre

Strategic planning in the Caribbean: 
the role of seasonal forecasts 

Kim Whitehall, Margarette Mayers-Als and David A. Farrell, Caribbean Institute for Meteorology & Hydrology
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Strategic planning in the Caribbean:  
the role of seasonal forecasts 

Kim Whitehall, Margarette Mayers-Als and David A. Farrell, Caribbean Institute for Meteorology & Hydrology

The socioeconomic development of the Caribbean region 
is strongly dependent on how its citizenry adapts to local 
climate changes in both the short- and the long-term. As 

a result, considerations of climatic factors are a critical compo-
nent in the region’s planning process. Depending on the sector 
and the activity, the inclusion of climate into planning proc-
esses may be based on climate forecasting approaches that have 
been developed from traditional knowledge to those steeped in 
modern science. Regardless of the approach taken, the goal is 
essentially the same: maximizing productivity to ensure the 
survival of the community and the region. 

The Caribbean consists of countries and states that are relatively 
small in size – generally less than 500 square miles. Exceptions 
include Jamaica, Trinidad and Tobago, Haiti, the Dominican 
Republic and Cuba. Although Guyana and Belize are located in 
South and Central America respectively, from a regional perspective 
they are considered part of the Caribbean. Apart from being gener-
ally small, common features of many Caribbean islands and states 
include: small economies, lack of economic diversity and high risk 
exposure to climate hazards. In fact, the performance of many local 

economies is strongly dependent on climate. Hence 
adapting to climate is critical to the socioeconomic 
development of the Caribbean region.

Climatic regions in the Caribbean include both semi-arid 
areas and tropical rainforests. In addition, the region expe-
riences tropical cyclones annually. Caribbean climates are 
complex and are regulated by weather systems that origi-
nate off the west coast of Africa before migrating westward 
into the Caribbean. Systems moving northwest from the 
South American continent and southeast from the North 
American continent also influence the region’s weather and 
climate. In addition to transporting moist or dry air into the 
Caribbean region, weather systems entering the Caribbean 
may also transport aerosols such as Sahara Dust and particu-
late matter from biomass burning. 

Annual rainfall totals in the Caribbean region range from 
less than 750 millimetres to greater than 2,500 millimetres 
in some localities. Northern sectors of the Caribbean exhibit 
a bimodal rainfall pattern with the primary rain season coin-
ciding with the North Atlantic hurricane season (from June 
to November) and the less prominent rain season occurring 

Observing, Predicting and Projecting Climate Conditions 

Mean monthly precipitation for the period 1998 to 2008

Source: Caribbean Institute for Meteorology & Hydrology, St. James, Barbados

Mean monthly precipitation for the period 1998 to 2008, Piarco Airport, Trinidad (left); Georgetown, Guyana (right)
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which lost the majority of its nutmeg industry following 
the passage of Hurricane Ivan in 2004.  

The Caribbean climate is valued by people from around 
the world because of its positive health benefits, but said 
climate is also responsible for potential negative health 
effects. Vector-borne diseases represent one climate related 
health concern for which a body of literature on the subject 
exists. Joint research by the University of the West Indies 
(UWI) Climate Studies Group Mona and the Caribbean 
Epidemiology Centre on  the epidemiology patterns of 
dengue fever in the Caribbean concluded that in the 
region the illness has a well-defined climate seasonality. In 
particular, it was observed that warm and dry conditions 
followed by rainfall appear to enhance the probability of 
the epidemic occurring. The research also showed a strong 
correlation between fever outbreaks and the occurrence of 
ENSO events. Based on these findings, the research teams 
proposed a moving average temperature index to identify 
periods where the potential for dengue fever outbreaks may 
be high. 

Other health concerns that may be attributable to 
seasonal climate tendencies include asthma, bronchitis, 
respiratory track infections and diarrhoeal illness. Personal 
injury rates on average across the Caribbean also tend to 
be higher during the North Atlantic hurricane season. Of 
the ailments listed, however, asthma has received particular 
attention.1 Depradine and Lovell’s paper demonstrated that 
in Barbados, incidences of asthma were greatest along the 
eastern portion of the island and that in general asthma cases 
peaked during the rainy season when there is an increase 
in moulds, spores, pollen and other chemical aeroallergens 
in the atmosphere. The study further showed that peak 
incidences of asthma occurred approximately three to four 
weeks after a peak in atmospheric moisture.2 Increases in 
the number of cases and severity of occurrences of asthma 
have been linked to occurrences of Saha Dust over the 
region. However, there is a growing body of literature that 
is challenging the assertion.3 

Existing seasonal forecasts for the Caribbean region
As already discussed, there is a distinct correlation 
between seasonal characteristics in the Caribbean and 
socioeconomic development and productivity. Given 
this, and the region’s vulnerability to climate related 
hazards, improved efficiency and resilience in socio-
economic sectors must be achieved through the use of 
seasonal climate forecasts, which may cover periods 
ranging from two weeks to several months. Critical 
atmospheric variables considered in such forecasts 
include surface temperatures, precipitation, and speed 
and direction of wind. Several seasonal climate forecasts 
are issued for the Caribbean region annually. The annual 
‘North Atlantic Seasonal Hurricane Forecast’ offered by 
Professor William Gray of Colorado State University is 
perhaps the most well known and anticipated climatic 
forecast due to its perceived socioeconomic implications 
for the Caribbean region. These annual predictions have 
a significant impact on the financial positions and risk 
that insurance companies assume for any given year. 

between March and May. The eastern Caribbean exhibits a unimodal 
rainfall regime with the majority of rainfall occurring during the North 
Atlantic hurricane season, which is associated with unstable air masses 
producing significant precipitation. 

Guyana exhibits a bimodal rainfall pattern with the primary rain season 
occurring from December through to February. It is during this season 
that extensive flooding was observed in Guyana in the latter part of 
December 2004 to February 2005. The secondary rainy season in Guyana 
extends from May to August. 

Existing climate patterns in the Caribbean may be modified as a result 
of global climate change, changing land use and increasing industrializa-
tion. Current observations and outputs from global and regional climate 
models indicate that future climate changes could include: increasing 
temperatures with the difference between average day and night time 
temperatures decreasing; changes in rainfall patterns, reduction in total 
annual rainfall, more intense rainfall events and on average longer dry 
periods; and an increase in the average intensity of tropical cyclones. 

Broad ranges in parameter values can be used to define current 
and future climates across the Caribbean. Yet within this scope 
significant uncertainty, exacerbated by phenomena such as El Niño 
Southern Oscillation (ENSO), exists. These uncertainties in climate 
parameter values from year to year and from season to season can, 
and often do, have significant impacts on climate sensitive sectors 
in the Caribbean. 

Climate sensitive sectors
The performance of such sectors as tourism, agriculture, energy, water, 
health, insurance and financial services, recreation, and sport is critical to 
the socioeconomic development of the Caribbean, but these sectors also 
happen to be particularly sensitive to climate. Their ability to generate 
profits and provide services in  an efficient and effective manner relies in 
part on timely and accurate climatic forecasts that allow them to adapt 
their operations over short and long timescales. 

Although agricultural productivity is decreasing across many 
Caribbean states, agriculture still represents a significant foreign 
exchange earner and in many rural communities it is still the primary 
source of employment and income. Climate dictates the type of agri-
culture practiced as it influences such factors as water availability 
(for both rain and irrigation-based agriculture), soil moisture condi-
tions, and rain-fed growing seasons. Because of this, not only is a 
historical understanding of climate important for agriculture, but so 
too are climate forecasts which can be used to support on-farm deci-
sion making (such as type of crop to be sown, irrigation scheduling 
and harvest times) to maximize productivity and revenue. Climatic 
information, for example, is particularly important for determining 
the timing of interventions such as the application of pesticides and 
fertilizers where significant expenditure and environmental degra-
dation may occur from poorly planned applications. However, the 
application of climate products to inform farming activities is not as 
widespread as it should be in the Caribbean, instead climate indicators 
based on traditional knowledge are still commonly used to inform 
farming in rural communities. Although the use of traditional knowl-
edge is acceptable under some circumstances, the rapid changes in 
climate currently observed and predicted may marginalize the use of 
such traditional knowledge which is based on a long history of obser-
vations. The susceptibility of Caribbean agriculture-based economies 
to extreme weather and climatic events was demonstrated during 
the floods in Guyana from December 2004 to February 2005, which 
accounted for USD55 million in agricultural losses and in Grenada, 
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Less well known, but another economically important seasonal 
forecast for the Caribbean region is the Precipitation Outlook (www.
cimh.edu.bb/curprecip.htm), which is produced by the Caribbean 
Institute for Meteorology and Hydrology (CIMH) and covers six 
consecutive three-month periods during the year. Forecasts presented 
in the Precipitation Outlook are based on both subjective consid-
erations (the professional judgment of the forecaster) and objective 
considerations that include outputs from statistical and dynamic 
models. The dynamical models used include global models and, 
where applicable, regional models. The overall strategy used to create 
the Precipitation Outlook therefore includes model outputs; moni-
tored and forecast climatic indices known to exhibit correlations 
with Caribbean precipitation and temperatures; and knowledge of 
regional climatic conditions and global relationships. Unfortunately, 
few model outputs that are regularly updated (for example, that from 
the European Centre for Medium-Range Weather Forecasts) cover 
the Caribbean region at a high enough resolution to be extremely 
informative to the small states of the region. To develop such infor-
mation, global climate models must be downscaled using statistical 
methods. Unfortunately, these methods introduce some level of 
subjectivity into the modelling process. To address this matter, the 
CIMH is currently expanding its computational facilities to assist the 
regular running of dynamic models on a regional scale. 

A recently implemented forecast product in the region is the 
Caribbean Drought and Precipitation Monitoring Network 
(CDPMN), which forecasts the precipitation status across the 
Caribbean over one, three, six, and twelve month intervals (www.
cimh.edu.bb/precipindex.html). The CDPMN is a CIMH product 
funded in part by the Caribbean Water Initiative, which is a joint 
programme between the Brace Centre at McGill University, Canada 
and CIMH. The Canadian International Development Agency 
funds the overall initiative.

Other countries within the Americas are also leading the way in 
producing seasonal forecasts. The Cuban meteorological service 
Instìtuto de Meteorologìa de la República de Cuba, for example, 
produces one and six month outlooks of precipitation and temper-
ature across the various zones in Cuba.4 Other regions within the 
Americas such as Central America and South America are also 
participating in similar activities in an effort to support social and 
economic activities. 

Support for strategic planning
Strategic planning takes into account the respective activi-
ties of the various stakeholders, the objectives of the 
organization, and known constraints (available or potential 
resources, organizational capacity and existing regulations) 
to ensure achievement of objectives, the sustainability of 
the organization and maximization of the return on invest-
ment. The Precipitation Outlook and CDPMN are two 
CIMH climate products that are integral to forming strate-
gic plans for climate sensitive industries in the Caribbean. 
These two products form part of CIMH’s ongoing strategic 
thrust into the provision of climate services, a provision that 
is an important component of the World Meteorological 
Organization’s (WMO) new strategic direction. Both the 
Precipitation Outlook and CDPMN are gaining in popular-
ity, with the former, which has a longer and more established 
history, being used routinely by several agricultural plan-
ners and water resources managers. Two limitations of the 
existing Precipitation Outlook are that it provides only a 
three-month forecast and that its output requires a certain 
level of sophistication to interpret. The latter limitation, 
which is a signifi cant concern, is being addressed by staff 
at CIMH. Other areas where the Precipitation Outlook 
and CDPMN can be applied include: forecasting seasonal 
fl ood risk, which represents an area of considerable interest 
to the insurance and disaster management communities; 
and seasonal forest fi re risk, which is important for forest-
based industries and services (for example, the Iwokrama 
International Centre for Rainforest Conservation and 
Development in Guyana). 

The insufficiency of climate data for the Caribbean 
presents a signifi cant challenge to the development and 
validation of climate services and products. Although 
considerable data may has been collected in the region over 
the last 50 to 100 years, much of this data remains on paper 
thereby making it unusable for analysis and interpreta-
tion. Efforts are underway to encourage donor and grant 
funding institutions to support conversion of this data into 
electronic databases. In addition several projects including: 
Carib-HYCOS, which is funded by the French govern-
ment and represents a component of the WMO World 
Hydrological Cycle Observing System initiative; Caribbean 
Disaster Management Project Phase II, funded by the Japan 
International Cooperation Agency and implemented by 
the Caribbean Disaster Emergency Response Agency; 
and Enhancing Resilience to Reduce Vulnerability in the 
Caribbean funded by the Italian government and imple-
mented by the United Nations Development Programme, 
will establish new hydro-meteorology networks and asso-
ciated databases in the Caribbean region. Information 
provided for these new networks will support numerous 
climate change and seasonal climate forecasting, as well as 
validation initiatives.

It is the goal of CIMH and other Caribbean institutions 
to increase the number of seasonal forecasts they provide 
in order to support strategic planning and to ensure there 
are no unexpected climate-related events or effects that may 
adversely impact the region’s socioeconomic development 
or result in signifi cant loss of life. 

SPI for April 2009

CDPMN generated standard precipitation index (SPI) for the Caribbean region 

for April 2009

Source: www.cimh.edu.bb/precipindex.html

http://cimh.edu.bb/curprecip.htm
http://cimh.edu.bb/precipindex.html
http://www.cimh.edu.bb/precipindex.html
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Seasonal climate outlooks for 
assistance in water management 

Charles Pearson, National Institute of Water and Atmospheric Research, New Zealand

Water managers and engineers make use of climate 
information and predictions at a range of temporal 
and spatial scales, and also use their own tech-

niques to account for climate variability. In the longer term, 
the impacts of global warming will be of significant interest 
to water managers, as will improved short- and medium-term 
climate and hydrological predictions. For the short (seasonal) 
to medium (interannual) term, some knowledge of climatology 
and climate variability is useful for water managers, engineers 
and decision makers.

Some national hydrological services are now taking advantage of 
regular climate outlook information to produce regular seasonal 
hydrological predictions. The predictions can be particularly useful 
for the freshwater sector, for such uses as irrigation scheduling, 
water resources management, water supply, hydropower opera-
tions and hazard mitigation (floods and droughts). Typical water 
variables predicted, based on good climate data and predictions 
(air temperature and rainfall) and good hydrological data, include 
soil moisture, likely mean river flows and groundwater and lake 
levels for the season ahead.

These predictions rely upon good communications and data 
transfer between national hydrological and climate services. 
Typically the predictions are made by consensus among expe-
rienced hydrologists. As with climate predictions, hydrological 
predictions rely upon international collaboration to extend predic-
tions to regional bases. The advent of increased monitoring during 
the International Hydrological Decade (1965-74) and a number 
of regional Hydrological Cycle Observation Systems projects, led 
by the World Meteorological Organization (WMO), are enabling 
regions and countries to validate hydrological predictions with 
reliable data.

Many water resource managers use their own techniques to 
account for climate variability, on seasonal and longer times-
cales. For example, in designing a flood protection scheme, a 
water engineer will estimate the flood frequency for a river loca-
tion, estimating the flood peak flow magnitude of a given risk of 
occurrence. If the protection scheme has a design life of 50 years 
ahead, then engineers are aware that climate change, variability 
and upstream land use change all have potential to impact upon 
the occurrence of flood peaks.

Some national and international meteorological and clima-
tological services produce climate information and predictions 
ahead for one to three months and beyond for their country and 
surrounding region. Information produced includes status of rain-
fall and air and sea temperatures for the immediate past period, 

and predictions of rainfall and air temperatures for a 
season ahead. In some cases, hydrological agencies 
engage with climatological counterparts to produce 
corresponding downstream predictions of terrestrial 
hydrological variables such as soil moisture, river 
flow, lake and groundwater storages. 

Climate information is produced from good quality 
climate data records, and timely extraction of the data 
into information on the status of current conditions. 
Tabular and mapped information can be produced on 
air temperatures, rainfall and precipitation, sunshine, 
solar radiation, barometric pressure and sea surface 
temperatures.

Climate prediction relies upon global signals such as 
the status of the El Niño Southern Oscillation (ENSO) 
and the Interdecadal Pacific Oscillation, and their 
implications (from previous records and science) at 
regional and country scales. Local scientific knowledge 
on circulation and seasons, and developed statistical 
prediction tools such as similar past analogous situ-
ations and regression schemes, are used to predict 
climate variables one to three months in advance. Over 
ten global climate models provide predictions on the 
state of Pacific sea surface temperatures and ENSO up 
to nine months ahead.

Typically, climatologists take into account all avail-
able information to form a consensus view to predict 
seasonal outlooks of variables such as air temperatures 
and rainfall.

Hydrological information can be generated from 
hydrological monitoring networks. It is necessary to 
know the initial status of water fluxes and storages 
before making predictions. 

New Zealand’s National Climate Centre has 
predicted ahead three monthly rainfall, air temper-
atures, soil moisture levels and streamflows for 
six defined regions of the country since 1999. The 
predictions are published in a monthly newsletter 
The Climate Update (now Web-based), and dissemi-
nated through media releases. Users of the predictions 
include the agricultural and horticultural sectors, 
hydropower and irrigation companies, and local 
government bodies responsible for water resource and 
hazard management.

The method used to translate these predictions into 
on the ground soil moisture and river flow predictions 
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seasonal predictions ahead, and shorter term flow fore-
casting (up to four days ahead).

A meeting on the climate information needs of the 
water planning and management community was 
held at WMO in 2006. The objective was to provide 
a platform for dialogue between water managers and 
climatologists and consider a project concept to facili-
tate and expand the use of climate information in water 
resources management. The meeting developed a set 
of conclusions to guide interactions between water 
management and climate information, including: 
• �Recognition that both water managers and climate 

information providers benefit from addressing 
common issues

• �General consensus that climate information has high 
potential value, but that there are still large uncer-
tainties with regard to the kinds of quantitative 
information water managers traditionally use

• �Most immediate opportunities exist at the scale of 
seasonal climate outlooks, as this type of informa-
tion is easier for water managers to assimilate

• �Opportunities should be based on temporal syner-
gies, that is, using climate information on different 

relies upon routine communication between the Centre’s clima-
tologists and oceanographers (based at offices in Wellington and 
Auckland) and hydrologists (Christchurch). Over ten years of 
monthly operations, greater understanding has developed between 
the two science areas, and an increased awareness of each disci-
pline’s terminology. At the same time an operational environmental 
forecasting (up to six days ahead) capability is being developed 
among the weather scientists, oceanographers and hydrologists.

In 2001, the Centre’s soil moisture and streamflow predictions 
changed from simply above normal, normal or below normal 
predictions for the time of year, to quantitative probabilistic 
predictions – predicting probabilities of three-month soil mois-
ture levels and mean river flows being in the top, middle or bottom 
third of their distributions.1

The accuracy of streamflow predictions has been assessed. 
The skill level is better than ‘climatology’ (the null prediction of 
apportioning 33 per cent probabilities to each third). Biases in flow 
predictions have been examined. Predictions of normal or below 
normal flows predominated over above normal predictions. The 
biases were associated with the difficulty of predicting the climate 
for extreme weather events a season ahead. Reliable records of 
river flows can be presented in near real-time. Knowledge of the 
status of river flows now is useful as initial conditions for making 

Lake Pukaki, South Island – New Zealand’s largest hydropower generation source 
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timescales in conjunction with corresponding operational, tacti-
cal, and strategic management functions

• �Questions remain on the scientific basis for validating predictive 
skills of climate models and their utility for water management

• �Water managers do not make routine use of climate predictions
• �There is a need for the climate community to quantify uncertain-

ties in climate predictions and for water managers to explore 
how probabilistic climate products can be used more routinely

• �A project concept and plan for facilitating the use of appropriate 
climate information by water managers was developed.

The meeting also provided inputs to the concept of pilot projects 
to facilitate national hydrological services in meeting the new 
expectations that have emerged due to climate change awareness. 
Two pilot projects were initiated in Mexico and Egypt. Based on 
the experience gained thus far, it is clear WMO, working as it does 
with both the climate scientific and hydrological communities, is 
in a unique position to provide support to facilitate this multi-
stakeholder activity.

Water engineers, and most of the agencies in charge of water 
management do not yet rely on forecasts that extend normal 
weather models by using ENSO and other type indicators, because 
of the large uncertainties. It is the engineers that are responsi-
ble for the planning and design water projects, rather than the 
hydrologists, climate forecasters or meteorologists. Recent arti-
cles testing the predictive skill of hydrological forecasts at short 
timescales demonstrate large uncertainties.2 This is one principal 

reason why water managers and engineers, who make 
project decisions, and are accountable for the conse-
quences, do not have full confidence in the predictions 
and forecasts over a range of timescales derived from 
climate and hydrological models.

Many hydrological modelling tools are being devel-
oped to model hydrological processes at an appropriate 
range of temporal and spatial scales,3 in parallel to 
the development of global/regional/mesoscale climate 
models. Links between the climate and hydrological 
models may facilitate physically-based and scien-
tific short-to-medium-term climate and hydrological 
information and predictions, of more practical use to 
water managers. Identical physically-based climate 
models are now used at temporal scales from short-
term weather forecasting to century scale climate 
change modelling. Likewise physically-based hydro-
logical models, linked with climate models, are being 
tested for forecasting and prediction at a range of time 
spans.4 Such multi-model ensembles and downscal-
ing techniques might improve prediction skills and 
reduce the current large uncertainties within the next 
25 years.

To validate climate and hydrological models, 
ongoing monitoring and data storage, quality assur-
ance and analysis needs to be maintained to at least 
their current levels.

Irrigation systems on the Canterbury Plains, New Zealand
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Changes in the climate of  
East Asia tropical cyclones 

Johnny C. L. Chan, Guy Carpenter Asia-Pacific Climate Impact Centre, City University of Hong Kong

Tropical cyclones (TCs) are one of the most devastating 
weather phenomena. Over the ocean, they pose extreme 
hazards to all vessels, from small fishing boats to large 

container ships and oil tankers. As they make landfall, they can 
bring about heavy rain and severe winds, causing significant 
damage or even fatalities in the coastal regions. A better under-
standing of the climate variability of TC activity in a region can 
help produce good seasonal predictions of TC activity, which 
will enable relevant authorities to be better prepared for poten-
tial disasters. Such an understanding will also help project 
changes in TC activity under global warming.

Some recent results in understanding the changes in the climate 
of East Asia TCs based on the analyses of various datasets are 
presented here. All these results show that the frequency of TC 
landfall in various parts of East Asia and that of TC occurrence 
in the entire western North Pacific Ocean have large variations 
on timescales, ranging from annual to decadal. Because of these 
large variations, it is difficult to detect any long-term trend that 
may exist in such occurrences. However, this does not necessar-
ily mean that global warming will not cause a trend in the future. 
How such changes may be projected for the future under global 
warming scenarios is also discussed.

Landfall in the Philippines during the last 100 years
The Philippines is frequently hit by TCs every year. It is there-
fore of great importance to understand whether the frequency of 
landfall has any detectable trend. Recently, Kubota and Chan1 
created a dataset of the annual number of TCs making landfall in 
the Philippines by combining the historical observation records 
of the Monthly Bulletins of Philippine Weather Bureau and the 
US Joint Warning Typhoon Center best-track data for the period 
1902 to 2005. During these 104 years (except for the Second 
World War period), the annual number of landfall TCs does not 
show any long-term trend. Rather, the annual landfall number 
has an apparent oscillation of up to 32 years before 1939 and 
between 10 and 22 years after 1945. Such variations are found to 
be related to different phases of the El Niño/Southern Oscillation 
(ENSO) and the Pacific Decadal Oscillation (PDO). During the 
low PDO phase, the annual number significantly decreases in El 
Niño but increases during La Niña years. During the high PDO 
phase, however, the difference between ENSO phases becomes 
unclear. These results suggest that natural variability related to 
ENSO and PDO phases appears to prevail in the interdecadal 
variability of the annual number of TCs making landfall in the 
Philippines.

Landfall in East Asia during the last 60 years
On average, about 12-15 TCs every year make landfall 
in various countries in East Asia, which can produce 
significant casualties and substantial property loss. 
Understanding the variability in the annual number 
of landfalling TCs in various parts of East Asia is 
therefore crucial in disaster preparedness and mitiga-
tion. Chan and Xu2 recently made a detailed study 
of such variability during the period 1945–2004 by 
dividing the coastal areas into three regions: South 
(Philippines, Vietnam and south China), Middle (east 
China, including the island of Taiwan) and North 
(Korean Peninsula and Japan). Consistent with the 
findings already described, none of the time series 
of the annual number of landfalling TCs for each of 
these three regions shows a significant linear trend. 
Instead, each time series shows large interannual (2–8 
years) and multi-decadal (16–32 years) variations. In 
some periods, the annual number of landfalling TCs 
varies in unison among all regions of Asia. In others, 
one region would have an above normal number of 
landfalling events, while the other regions have below 
normal numbers. Changes in the frequency of landfall 
in various regions on multi-decadal timescales have 
been found to be related to variations in the atmos-
pheric flow patterns on similar timescales, which led 
to changes in the steering flow and hence the TCs 
made landfall in different locations.3

Tropical cyclone activity in the western North 
Pacific Ocean during the last 50 years
Among all ocean basins, the western North Pacific 
has the largest share of TCs,4 with an average of 
up to 27 tropical storms and typhoons per year. 
However, this number varies quite significantly 
from year to year, ranging from a low of 17 in 1998 
to 39 in 1964. It is also obvious from the graphed 
data that this number does not have any rising or 
decreasing trend during the last 50 years. Similarly, 
no trend can be detected in the annual number of 
the strongest of these TCs, those with intensities 
in the Category 4 or 5 in the Saffir-Simpson scale.5 
It must be pointed out that before 1965, no mete-
orological satellite was available and therefore some 
TCs might have been missed. Furthermore, in the 
early days of meteorological satellite coverage, the 
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so that any increase in thermodynamic energy due to 
global warming will have a minimal or undetectable 
effect. On the other hand, changes in the dynamic 
conditions are crucial in determining whether a TC 
can continue intensifying, and variations of such 
dynamic conditions have not been found to have a 
similar trend as that of air or ocean temperature. For 
this reason, no detectable trend in TC activity in the 
western North Pacifi c can be identifi ed. 

Projections for the future
Many climate models have been run to project 
what might happen to TC activity in various ocean 
basins under different global warming scenarios but 
the results are far from consistent. In the western 
North Pacifi c, some have projected a decrease in 
frequency10 while others suggest an increase.11 For 
intense typhoons, a similar diversity in results is also 
found.

One major problem with many of these models is 
the relatively coarse resolution. This means that the 
vortices simulated in the models are not quite the 
same as those in the real atmosphere. To obtain more 
realistic simulations requires a higher resolution, 
which can either be accomplished using a variable 
resolution model12 or downscaling studies.13 Through 
these various methods, better projections of TC activ-
ity should be possible.

quality of the satellite pictures was quite poor so that it could 
be difficult at times to estimate the actual intensity of the TC 
when no aircraft reconnaissance was available. The numbers 
prior to the mid 1970s are therefore likely to be underestimates 
of the actual values.

Nevertheless, even given these limitations, it is clear from 
the graphed time series that the number of TCs goes through 
large variations on both interannual and inter-to multi-decadal
timescales, with maxima in the 1960s and 1990s and minima in 
the mid 1970s and late 1990s. The variation in the number of 
intense typhoons goes through similar cycles, which are found 
to be related to variations in the atmospheric and oceanographic 
conditions with similar periods.6 It is also important to note from 
the graphed data that since the mid 1990s, the number of TCs and 
of intense typhoons has generally been on a decrease, which is in 
contrast to a continued increase in air and ocean temperatures. A 
reconstruction of the intense typhoon time series based purely on 
satellite re-estimates gives very similar results.7

Intuitively, an increase in ocean temperature as a result of global 
warming should lead to more energy available for convection in 
the atmosphere, which should therefore provide more fuel for a 
TC to develop. However, TC formation and intensifi cation do not 
depend on thermodynamic conditions such as ocean tempera-
ture or moisture availability alone. Rather, dynamic conditions 
such as horizontal and variation of winds are also important. In 
fact, as demonstrated by Chan and Liu8 and Chan9, the thermo-
dynamic conditions for TC formation and intensifi cation in the 
western North Pacifi c are generally suffi cient throughout the year 

Annual number of tropical storms and typhoons in the western North Pacifi c Ocean

Annual number of tropical storms and typhoons (left), and Category 4 and 5 typhoons (right) in the western North Pacifi c Ocean during the period 1960-2008

Source:  US Joint Typhoon Warning Center dataset
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Having identifi ed the climate implications of atmospheric 
aerosols and trace gases over the complex, heteroge-
neous and densely populated south Asian region, the 

Indian Space Research Organization (ISRO) has been pursuing 
focused and thematic research to quantify the regional climate 
implications through a series of projects.

Atmospheric aerosols are a suspension of tiny solid particles or liquid 
droplets in the air, of a natural or anthropogenic origin. Though the 
global aerosol abundance is dominantly natural (sea salt, dust), regionally 
the anthropogenic species (sulphates, nitrates, soot, organics) dominate 
in areas of high population density, industrialization and urbanization, 
or regions of extensive biomass burning. The most important parameter 
to represent the impact of aerosols is aerosol optical depth (AOD). This 
is the vertical integral through the entire height of the atmosphere of the 
fraction of incident light at any wavelength, scattered and/or absorbed 
by aerosols. Aerosols affect the energy budget of the Earth-atmosphere 
system by scattering and absorbing radiation (direct effect) and by modi-
fying the amounts, and microphysical and radiative properties of clouds 

(indirect effects). The resulting change in the energy budget 
is termed aerosol radiative forcing (ARF).

ARF of the atmosphere refers to the energy absorbed by 
aerosols and dispensed in heating the atmosphere. Such 
heating, combined with surface cooling caused by the 
reduction in solar energy reaching the surface, is shown 
to increase atmospheric stability and adversely affect the 
hydrological cycle, rainfall and crop yield.1 Though ARF 
due to anthropogenic species attracts wide research inter-
est, forcing due to natural aerosols is equally signifi cant 
for climate change.2 Moreover, no proven methods exist 
for quantitatively measuring the regional anthropogenic 
aerosol component; satellite retrievals are only qualita-
tive and the best estimates attribute ~20 per cent of AOD 
over the oceans to human activities.3

ARF exhibits large heterogeneity in spatial, temporal 
and spectral domains, primarily due to the spatio-temporal 
heterogeneity of aerosols (diverse sources and sinks and 
their heterogeneous distribution), the short and varying 
atmospheric lifetime, as well as chemical and microphysical 
properties. This heterogeneity makes the climate-impact 
assessment of aerosols a challenging task, despite the 
concerted efforts of the global scientifi c community over 
the past decade or more.4 The key to reducing this lies in 
accurate characterization of aerosol properties from space, 
integrated fi eld campaigns, establishing ground-based 
networks, determining size dependent chemistry on short 
timescales, accurately determining aerosol single scatter-
ing albedo, the vertical distribution of all these properties 
and incorporation in models.  

The Indian scenario
Climate change has great significance in South Asia in 
general, and India in particular. It has diverse and contrast-
ing geographical features, high population density, rapid 
urbanization and industrialization, and above all the synoptic 
meteorological conditions that produce the Asian monsoon. 

Though Indian research to characterize regional 
aerosol properties began in the forties,5 systematic spec-
trally and spatially resolved measurements began during 
the Indian Middle Atmosphere Programme. ISRO took up 
the development of suitable ground-based instruments, 
formed a mini-network for measurements of spectral 
AOD on a long-term basis,6 and carried out rocket and 
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The ARFI network of aerosol observatories 

Source: ARFI, I-GBP
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Strong signatures of marine aerosols are even 
reported in the interiors during summer.11 Over 
central and northern India, dust, produced locally or 
transported from the arid regions of Africa, Arabia and 
Asia, contributes signifi cantly to aerosol abundance and 
AOD throughout the spring and summer. A synergy 
of ground-based and satellite infrared measurements 
shows that the absorption effi ciency of dust is higher 
over Asia than Africa12 during winter – when the dust 
is aged and mixed with soot – while the more nascent 
summer dust has lower absorption effi ciency. Chemical 
reactions involving this dust result in neutralization of 
acidic and maintain alkaline rainwater.13

Urbanization has resulted in the evolution of urban 
conglomerations in India. An analysis over four 
regional mega cities – Chennai, Mumbai, Kolkata and 
New Delhi – showed high AOD with strong seasonal 
variations. Of these, Chennai had the least AOD, while 
Kolkatta (eastern coast) had the most fi ne mode aero-
sols throughout the year. In the other two cities, the fi ne 
mode contribution varied as a function of season; being 
very high in winter. During pre-monsoon and summer, 
coarse mode aerosols associated with dust and sea salt 
dominated the distribution.14 Thus, even the mega 
cities show temporal heterogeneity, making it diffi cult 
to model for regional ARF estimation.

Modulation by atmospheric dynamics
Aerosol abundance, composition and vertical distribution 
over India is strongly modulated by the natural dynamical 
features of the atmosphere. Based on multi-year, multi-
station data on AOD, it has been shown15 that AOD over 
the peninsula tends to be higher in the years when the 
southward excursion of the intertropical convergence 
zone is smaller. Long-range transport of aerosols leads to 
signifi cant modulations in aerosol properties, and corre-
sponding changes in ARF and in forcing effi ciency, which 
implies changes in the aerosol types and impacts. While 
the advection of mineral dust-rich West Asian and Arabian 
desert aerosols are important over the Arabian Sea and 
western parts of the peninsula during March to May,16 
advection of fi ne and accumulation mode aerosols from 
the East Asian regions cause large perturbations in spectral 
AOD and BC concentrations over the Bay of Bengal during 
January to April.17 Over the Ganga basin, the dynamics of 
the shallow atmospheric boundary layer (ABL) strongly 
infl uences the build-up and spatial confi nement of aero-
sols and trace gases from local emissions.18 While the 
deepening ABL in spring and summer fl ushes the pollut-
ants further aloft resulting in a dilution in their surface 
concentration,19 stronger long-range transport leads to 
increase in AOD and ARF over the entire north-Indian 
Plains.20 This leads to large space-time heterogeneity in 
AOD and its spectral variation over India.21 

The tropical atmosphere supports a variety of plan-
etary scale wave motions, the propagation of which 
causes signifi cant modulations to the abundance and 
type of aerosols resulting in corresponding modula-
tions in ARF. The eastward propagating Madden Julian 

balloon borne measurements of the altitude distribution of aerosols 
and trace gases.7 As a result, ISRO, while formulating its Geosphere 
Biosphere Programme (I_GBP), identifi ed Aerosol Climatology and 
Effects (ACE) and characterization of trace gases as central activities.

ACE activity proliferated under I_GBP to become a national effort. 
A network of ground-based observatories were established for regional 
aerosol characterization. As the programme matured, it became the 
Aerosol Radiative Forcing over India project (ARFI), which is now a 
network spanning the entire country and surrounding oceans. Some of 
its stations have databases of more than two decades for AOD and several 
years for black carbon (BC), enabling quantifying of long-term trends. 

Data from Trivandrum, a remote coastal location in the southern 
peninsula, shows the monthly AOD at 500nm. While the increase in 
AOD of  ~2.4 per cent per year from its base value in 1985 is of concern, 
it is equally interesting that the concentration of BC, normally consid-
ered as a tracer for human impact, shows a decreasing trend of ~250 
ng m-3 y-1.  This has several implications. The reduction of surface BC 
could be considered an indicator of emission control strategies, while 
the increase in AOD indicates an overall increase in columnar abun-
dance. It remains to be seen whether this increase is occurring at higher 
levels, above the atmospheric boundary layer.  

Natural and anthropogenic
Despite the need to focus on anthropogenic aerosols from the climate 
change mitigation perspective, the role of natural aerosols in ARF should 
not be underestimated over the Indian region. Campaign mode obser-
vations over the oceans8 and long-term measurements from islands and 
the mainland have shown dramatic change in aerosol characteristics 
(abundance, vertical distribution, composition, and size distribution) 
due to large infl ux of marine aerosols, leading to large reduction in 
AOD, and fl attening of its spectral response. This caused a signifi cant 
reduction (by more than a factor of >2) in the ‘top of the atmosphere’ 
and atmospheric ARF.9 Chemical speciation analysis shows an increase 
in the concentration of water-soluble salts from 29 per cent in winter 
to 44 per cent in summer.10 

Trends in aerosol optical depth and black carbon mass

Source: ARFI, I-GBP

Trends of AOD at 500nm (bottom) and black carbon mass concentration (top) 

over Trivandrum. The points are monthly means for AOD and daily means for 

black carbon. Mean trend lines and 95 per cent confi dence bands are also shown
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Oscillations and westward propagating Rossby waves in the lower 
atmosphere signifi cantly modulate AOD and its spectral depend-
ence over the tropics. These intra-seasonal oscillations contribute as 
much as 45 per cent to long-term seasonal mean AOD.22 Changes 
in circulation parameters (wind convergence and vorticity) also 
produce strong perturbations in the spatial distribution of AOD, on 
timescales of 7-10 days over a fairly large area.23

Field campaigns 
Field campaigns address region-specifi c problems, through intense 
multi-instrumented and multi-platform observations, but over a limited 
spatial and/or temporal scale. In this context several fi eld experiments 
were applied over India during the last decade. The Indoex – (India) 
programme, satellite validation cruises and Arabian Sea Monsoon 
Experiment24 – focused on oceanic regions around India under varying 
continental impacts. In addition, two land campaigns (LC-1, LC-2) 
organized by I_GBP examined the mainland features.

While LC-1 was a mobile campaign focusing on the spatial varia-
tion of aerosol parameters over peninsular India, LC-2 examined the 
spatio-temporal variations over the Indo-Gangetic Plain using a chain 
of observatories. A synthesis of LC-1 data revealed potential hotspots of 
enhanced aerosol concentration (near surface) and AOD difference over 
the peninsula implying a heterogeneous vertical distribution.25 This was 
confi rmed from airborne measurements of concentration and extinction.26 

ICARB 
The pilot fi eld campaigns eventually developed into fully integrated 
campaigns. These involved concurrent measurements over the entire 
domain for long periods, employing multiple instruments for accu-
rate and independent measurements of several aerosol properties over 
the land, ocean and atmosphere. The fi rst of the Integrated Campaign 
for Aerosols, gases and Radiation Budget (ICARB) series, executed in 
March-May 2006, was the biggest and most exhaustive fi eld experiment 
ever conducted over this region,27 and made considerable inroads into 
regional characterization of aerosols and trace gases. ICARB brought out 
new observations, raising several serious issues relating to the regional 
climate implications of aerosols, including possible modifi cations to the 

Indian monsoons. Surprisingly, low single scattering albedo 
– implying high aerosol absorption – were observed in the 
central oceanic regions, far from the coastal regions that are 
believed to be strong sources of anthropogenic aerosols.29

For the fi rst time in India ICARB brought in a synergy 
of multi-platform measurements, satellite data, and multi-
layer radiative transfer models. This synthesis led to the 
discovery of the prevalence of extensive elevated layers of 
aerosol extinction over India between one and fi ve kilo-
metres above the surface – within which aerosol extinction 
was several times higher than that at the surface.30 The 
consequent absorption resulted in strong warming at 
higher levels of the atmosphere. It also provided the fi rst 
observational evidence of a meridional gradient in this 
warming, which increased from ~0.4 K day-1, at ~2 kilo-
metres over the northern Indian Ocean, strengthening 
gradually to reach more than 1.5 K day-1 at ~3.5 kilo-
metres over Central India. Viewed in the light of recent 
simulations suggesting that aerosol warming over the 
Tibetan Plateau acts like an elevated heat pump drawing in 
warm and moist air over the Indian sub-continent leading 
to advancement of the Asian monsoon, the Icarb fi ndings 
of the meridional gradients assume regional importance.31 

Anthropogenic trace gases
Anthropogenic trace gases (such as CO, NOx, SO2 and hydro-
carbons) have signifi cant climate forcing, so there has been 
focused study on these under I_GBP. Establishing ‘environ-
mental laboratories’ to quantify the regional distribution of 
these species has now become a national concern. Rising 
levels of these gases are of major concern for global warming 
and climate change. Moreover, increased levels of these gases 
alter the chemistry of the atmosphere, affecting the biosphere 
and human health as well as crop yields. Ozone in the tropo-
sphere is photochemically produced from these trace gases.

Extensive investigations of ozone and its precursors 
have been made using network observatories, rockets and 

AOD measurements in mega cities

Source: PRL, (DOS)

Monthly mean 550nm aerosol optical depths obtained by averaging the data from 2001 to 2005 over Chennai, Mumbai, Kolkata and New Delhi. Vertical bars 

indicate ±1α from the mean 
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balloon payloads. To understand the distribution of chlorofl uorocarbons 
(CFCs) measurements of vertical distributions were made using high alti-
tude balloons and cryogenic air samplers. A comparison of surface ozone 
levels at Ahmedabad shows an average linear rate of 0.5 per cent y-1 
during the period 1954/55 to the mid 1990s.32 In addition, ozone produc-
tion per molecule of NOx is lower in India than in the USA or Europe.33 
Simultaneous measurements of surface level CO, NOx and non-methane 
hydrocarbons, as well as OC to BC ratio have indicated dominance of 
biomass burning over fossil fuel, especially in north India.34 These factors 
lead to the observed higher ∆CO/∆NOx. Satellite data show increasing 
levels of columnar NO2 at many Indian sites. These gases, having long 
residence time in the free troposphere, are transported long distances. 
Vertical distributions of ozone and surface level measurements of various 
trace gases over India and the surrounding oceans clearly show the infl u-
ence of long-range transport of these pollutants from North Africa and 
southern Europe, especially during the winter.35 

Future directions
Reducing uncertainties in current understanding of the climate impli-
cations of aerosols and trace gases requires progress in all aspects 
of aerosol-climate science. New observational systems, fi eld experi-
ments, assimilation methods and regional and global scale synthesis 
are essential. The large difference between observed and modelled 
aerosol radiative impacts is due to inadequate modelling. This calls 
for more realistic simulations of aerosol, clouds, and atmospheric 
processes to be incorporated into models, and greater synergy among 

different types of measurements, models, as well as 
between measurements and models. Incorporation of 
the mixing state of aerosols in models is still something 
of an enigma.36 When smaller aerosols accumulate over 
larger ones the radiative impact is signifi cantly different 
compared to that of an external mixture.37 This is partic-
ularly important over the Asian region, where natural 
and anthropogenic aerosols coexist. 

The vertical distribution of aerosols with respect to 
clouds is important, particularly over the tropics, to further 
our understanding of aerosol-cloud interaction and the 
consequent impacts on ARF. The surprising observation 
of elevated aerosol warming and its northward gradient 
over India – as well as possible implications for regional 
weather and climate – will be the immediate focus. To 
quantify this an ARFI fi eld Regional Aerosol Warming 
Experiment (RAWEX) is planned, which will carry out 
intense observations over the Himalayas and its foothills. 
In the longer-term, future ISRO programmes on aerosol 
and radiation will be built on the synergy of ground-based 
observational networks (eventually leading to regional 
mapping of aerosol radiative forcing), three-dimensional 
mapping of physical and chemical composition using 
integrated campaigns, satellite missions focusing on space-
time synthesis of aerosols, and accurate assimilation of all 
these studies into regional and global models.

Space-time synthesis of AOD

Source: ICARB, I_GBP

Space-time synthesis of the AOD showing the large heterogeneity in AOD (top row) and its wavelength dependency expressed through the Angstrom exponent � 

(bottom row). The panels in each row correspond to months of March, April and May, from left to right
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Obtaining climate change projections and trying to apply 
them at the local level is a challenge that urban planners 
and local offi cials must increasingly confront. Planners 

disagree about whether current projections are adequate. 
Among the more sanguine are the authors of the World Bank’s 
Framework for Urban Climate Risk Assessment, who conclude 
that: “relatively straightforward downscaling of global climate 
model simulations provides ample information for assessing 
urban-scale vulnerability and risks, at least in initial stages”.1 
Of the contrary opinion are urbanists such as David Dowall of 
the University of California, Berkeley, who states fl atly that the 
‘biggest problem’ with current climate projections is that they: 
“are too gross-grained for planning purposes”.2 Still others have 
been frustrated not so much with the scale of projections but 
that some models disagree as to the basic direction of climate 
change impacts for a given locale.

Research is presented here from the practical fi eld perspective of 
urban management practitioners who are users or consumers of clima-
tological information at the local level, rather than climatologists. It 

is based on the initial efforts of the Cities and Climate 
Change Initiative (CCCI) of the United Nations Human 
Settlements Programme (UN-HABITAT), to assist four 
pilot cities to help vulnerable populations adapt to the 
impacts of climate change and/or reduce greenhouse gas 
(GHG) emissions.3 Information needs and available plan-
ning tools vary, depending on the type of climate change 
phenomenon under discussion. This report is intended to 
afford scientists insight into priorities for refi ning relevant 
projections and their application by urban users. 

Cities and Climate Change Initiative pilot cities
Currently the CCCI is working in four cities in differ-
ent regions of the developing world. Two of these are 
intermediate in size (one to fi ve million inhabitants), 
while the other two are small (100 to 500 thousand 
inhabitants). In devising approaches to address climate 
change, these cities represent an important target popu-
lation: the world is mostly urban, and more than 75 per 
cent of the urban population lives in cities in those size 
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Sorsogon City: SLR simulation relative to area elevation projected against Barangay Sampaloc base map

Source: UN-HABITAT, Climate change assessment for Sorsogon City, the Philippines, 2009
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to constituents, build political support for appropriate meas-
ures, and defend approved legislation against legal challenge.

Rather than pointing towards sweeping conclusions as 
to whether projections are adequate, the CCCI’s initial 
experience in pilot cities is yielding a more nuanced 
answer. First, projections regarding GHG emissions are 
adequate for planning mitigation measures. Projections 
have been of a suffi cient degree of confi dence to jolt 
the international community into setting up carbon 
fi nance mechanisms – these can fi nance projects that 
will contribute to net reductions. The desire to imple-
ment such projects is likely to be the immediate driver 
for cash-strapped cities with regards to mitigation, 
and current climate projections are adequate for that 
purpose.7 A number of cities have calculated baseline 
GHG emissions and committed themselves to reduc-
tions at the city, project or building level.8 No further 
refi nements of global or regional models are required to 
take such actions. Unfortunately, however, it is adapta-
tion and not mitigation that is the pressing concern, and 
here the record is more uneven.

ranges.4 Residents of CCCI cities face a gamut of climate-related 
stresses and risks:
•  Kampala (population 1,654,000) – an inland city, is the capital 

of Uganda. An estimated 45 per cent of residents live in low-
lying areas at risk of fl ooding 

•  Maputo (population 1,094,000) – is the capital of Mozambique. 
In 2000, cyclones and torrential rains inundated this coastal city, 
killing 700 people and wreaking USD600 million in property 
damage. In recent years the region has also suffered from drought

•  Esmeraldas (population 195,000) – is a coastal city in Ecuador. 
Planners estimate that almost 60 per cent of the population lives 
at medium-to-high risk of fl ooding or landslides

•  Sorsogon City (population 151,000) – lies at the southern tip of 
Luzon, the largest island in the Philippine archipelago. Cyclones have 
buffeted this coastal city in recent years. In 2006 Typhoon Milenyo 
affected around 27,000 families and severely damaged 10,000 houses.

Climate change is likely to further impact these cities in the coming 
decades. CCCI teams are helping local stakeholders to assess impacts 
and vulnerabilities, and devise adaptation and mitigation strategies 
and demonstration projects. As of July 2009, all four are still in an 
early stage of assessment. The teams begin by assembling histori-
cal data regarding fl ooding and landslides, then review available 
projections, including those found in the Contribution of Working 
Group II to the Fourth Assessment Report (AR4) prepared by the 
Intergovernmental Panel on Climate Change (IPCC). Teams addi-
tionally gather available regional or national projections. CCCI teams 
are in the process of overlaying that data upon local-level geograph-
ically-referenced information regarding land use, populations and 
infrastructure, to preliminarily gauge vulnerabilities. This technical 
analysis occurs alongside, and informs, consultations with stakehold-
ers – this process will lead to strategic plans for priority actions.

Applicability of urban management tools to 
climate change phenomena
Offi cials can use different types of urban management tools to 
address various climatological phenomena. Broad types of tools and 
specifi c examples include: 
•  Planning – a general plan that guides a city’s long-term growth
•  More specifi c development regulations – a zoning ordinance 

that defi nes what types of land use can occur
•  Property acquisition – a decision to purchase undeveloped lands 

due to a public interest 
•  Public infrastructure and facilities – a resolution regarding the 

siting of a water treatment plant
• Building standards – a code that promotes energy effi ciency.5 

These tools have different applications in relation to impacts. 
Building codes can address increases in mean temperature, zoning 
regulations can respond to sea-level rise (SLR), and so on. A much 
more robust suite of tools exists for addressing certain types of 
phenomena (such as storm surge) than others (such as heat waves).6 

Findings regarding the use of climate change projections 
for urban management 
Climate change projections must be suffi ciently precise, and of a suffi -
cient level of confi dence, that offi cials can apply an appropriate urban 
management tool to effectively address the impact in question. Meeting 
this threshold of adequacy means that offi cials will be able to explain risks 

Comparison of three climate models under 
two emissions scenarios in Ecuador

Source: UN-HABITAT, Climate change assessment for Esmeraldas, 

Ecuador, 2009
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In devising urban adaptation responses, it is helpful first of all if 
projections agree on the direction of future change and with local 
historical trends. Such a consensus provides the basis for at least 
initial planning activities. This is generally the case with SLR. In 
Sorsogon City the team found that observations taken since the 
1970s at a nearby tidal gauge station revealed a gradual increase in 
mean sea level. IPCC AR4, of course, shows this trend as continu-
ing. Based on such inputs the CCCI team was able to preliminarily 
map the vulnerability of barangays (villages) and public facilities 
to different levels of sea-level rise. These simple vulnerability maps 
for ‘hotspot’ barangays have proven sufficiently detailed to open 
discussions with stakeholders – many of whom could pinpoint their 
houses on such maps – regarding options for adaptation measures. 
Action should be possible even though projections do not fully agree 
as to the likely rate or extent of sea-level rise in the future.9 

Even when projections diverge as to the extent or even the direction 
of a climate change impact, city officials may still be able to take action 
if a national government publishes a reasonable official or quasi-official 
projection. When downscaled to the local level, an officially endorsed 
scenario may give local decision-makers sufficient backing to act. On 
the other hand, if ministry representatives announce that such projec-
tions are forthcoming, local planners may prefer to wait rather than 
implement a legal measure whose technical basis might be undercut 
later. Such concerns account for a current delay in Sorsogon City, where 
the CCCI team and local planners are standing by for updated national-
level projections of natural hazards that are reportedly immanent.10 

Effective city-level action is most difficult where projections of 
impacts do not agree on direction, and there is no logical official posi-
tion. This has been the experience in Ecuador. Five relevant climate 
simulation models were identified and compared. While these models 

agreed on some projections, for example a general increase 
in temperatures, they were divided on others. Two project 
that Ecuador will become drier in the future, while three 
project a wetter climate.11 Such divergences occur regard-
less of the fact that the models in question were relatively 
fine-grained, with resolutions of 10-40 kilometres. 

This sort of contradictory projections place local-level 
planners in an awkward position.12 The only tenable 
urban management solutions involve focusing either 
on current priorities regardless of the future, and/or 
on those phenomena where greater consensus exists as 
to future conditions. In general, however, there is no 
dearth of opportunities for action in cities in the devel-
oping world – for example Kampala, where nearly half 
of homes currently lie in flood-prone areas.

For certain types of planning decisions, even though 
current projections may converge at a relatively fine 
scale, additional localized hydrological modelling is 
recommended. This is the case for the siting and design 
of certain critical infrastructure improvements such as: 
port facilities, sea walls as bulwarks against increased 
storm surge and roads and bridges to accommodate 
riverine flooding. In Maputo, heavy rains in 2000 led 
to the flooding of important low-lying areas of the city. 
Officials put the damage at USD12.8 million – recon-
struction under future climate scenarios could drive costs 
even higher. Where relatively expensive infrastructure 
investments are involved, and facility design will not 
permit incremental engineering improvements, localized 
hydrological modelling becomes crucial for finalizing 

Housing at risk of flooding in Kampala, Uganda
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specifi cations. Such modelling should inform more long-range urban 
management applications, such as defi nition of lands that will be at 
risk of fl ooding and are to be covered by a hazard setback ordinance. 

For other sorts of climatological phenomena, while climate change 
projections generally agree, taking action seems to be a low priority for 
local decision-makers. This is the case with addressing projected heat or 
cold waves, as well as mean temperature rise. While responses such as 
modernized building codes are possible, to date such measures have not 
attracted priority attention in the CCCI countries. This is because other 
issues such as fl ooding are seen as more urgent – despite the real havoc 
that heat or cold waves can cause (the heat wave that struck western 
Europe was blamed for killing more than 35,000 people). At present 
none of the pilot cities are planning to undertake more sophisticated 
localized modelling of temperature change, such as taking into account 
radiation from asphalt and paved surfaces. 

Implications for the World Meteorological Organization 
and partners
Research leading to a higher level of convergence among projections 
is a priority. This is particularly the case where localized projections 

disagree as to the direction of change, as the CCCI team 
in Esmeraldas found with projections for mean precipi-
tation. However, different models will always yield 
somewhat different results, so increased capacity-build-
ing for offi cials and urban managers as to how best to 
pick and choose between confl icting projections when 
this issue materializes would be of great assistance.

Establishing and operating meteorological stations that 
collect data of adequate quality and quantity is impor-
tant. Several decades of trends of changes in temperature, 
rainfall, mean sea level and similar phenomena help 
local decision-makers to convince a sceptical public 
about the risks. They also serve as an important refer-
ence point when taking up regional climate projections. 
Furthermore, local weather stations need to be able to 
support urban or river basin-level hydrological modelling 
with adequate data. Efforts at local modelling and subse-
quent risk and vulnerability mapping run into diffi culties 
if only one local station is actively collecting data, and 
where daily but not hourly rainfall data are available.13

Some actions, from the perspective of mid-sized cities in the 
developing world, appear to be of lower priority. Researchers 
suggest that much work remains to be done to generate site-
specifi c urbanized data, by developing advanced models 
based on computational fl uid dynamics.14 However, to the 
CCCI cities such sophisticated modelling (particularly where 
the outputs would focus primarily on improved projections 
of mean temperature and heat waves) would be a lower prior-
ity than an improved hydrological model of the city. This is 
because a family will be more concerned as to whether their 
house will be swept away due to fl ooding than about a more 
precise projection of future temperature rise. 

Future scenarios
In an uncertain world, local offi cials and planners crave 
certainty upon which to base decisions. Where such 
certainty is not possible – as it rarely if ever is – offi cials at 
least desire clear future scenarios that they can understand 
and explain to constituents. When making decisions plan-
ners have often sought out vulnerability assessments based 
on a clear future scenario (a 100 year fl ood event), rather 
than full-blown probabilistic analyses of various risks. 
Full-scale risk analyses have not been used extensively for 
planning purposes, possibly because planners and local 
offi cials are less familiar with these concepts and methods, 
and because of the relative paucity of land use manage-
ment tools based on risk rather than vulnerability.15

This preference for certainty is as deeply, if not more 
profoundly, felt in the new and relatively unfamiliar 
terrain of climate change. UN-HABITAT welcomes 
the recent surge of interest in the urban dimension of 
change, for example the upcoming IPCC Expert Group 
Meeting that will take up the topic, and a special report 
on human settlements being prepared for the IPCC’s 
fi fth annual meeting. UN-HABITAT’s hope is that such 
research will lead to projections that are more useful to 
practitioners at the city level, and that will allow plan-
ners to embrace a fuller range of tools to address climate 
change in all of its various manifestations.16

Detailed mapping of road interruptions and damages along 
Avenue Julius Nyerere, Maputo

Source: UN-HABITAT, Climate change assessment for Maputo, Mozambique, 2009

A: New trajectory of Avenue Julius Nyerere and alternative way to Avenue 

Marginal Maputo. B: The point where the bridge fell down and evident source of 

soil erosion during the rainy season. C: Second point of the avenue interrupted. 

Pavement damaged and source of soil erosion during the rainy season. D: 

Confl uence zone of material, soil erosion and water during the rainy season and 

infrastructures of Costa do Sol Stadium use to be affected
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There are very few people in this world who ever ask 
the right questions of science, but they are the ones 
who affect its future most profoundly. Great thinking 

precedes great achievement and the right question gives birth 
to a vision that is greater than the visionary. Vision is the key 
to unity, the magnet for commitment, and the determinant of 
our destiny.

The vision of World Climate Conference-3 is a global framework 
for climate services that link climate predictions and information 
with risk management and adaptation, towards sustainability. 
What does it mean to be sustainable? What kind of manage-
ment and adaptation do we need towards sustainability? Even 
more important questions would be sustainability of what and to 
what? Why are current approaches to sustainable natural resource 

management failing us despite a plethora of informa-
tion? Are we properly acknowledging how the world 
actually works?

Defi ning and understanding the system
Some available defi nitions of sustainability are: 
•  The use of environment and resources to meet 

the needs of the present without compromising 
the ability of future generations to meet their own 
needs

•  The likelihood an existing system of resource-use 
will persist indefi nitely without a decline in the 
social welfare it delivers

•  A cultural adaptation made by society as it becomes 
aware of the emerging necessity of non-growth.

Observing, Predicting and PrOjecting climate cOnditiOns 

Social-ecological system with the focus on adaptive capacity for sustainability

At each scale, the social-ecological system moves through its own adaptive cycles. These recurring cycles consist of four phases: rapid growth (r), 

conservation (K), release (Ω), and reorganization/renewal (α). The adaptive cycles are pictured in three dimensions: (1) X axis – the degree of connectedness 

among controlling variables; (2) Y axis – the capital (or potential) that is inherent in the accumulated resources; and (3) Z axis – resilience, the capacity of a 

system to absorb disturbance and remain within the same regime, retaining the same function, structure, and feedbacks. The structure and dynamics of the 

system at each scale is driven by a small set of key processes and, in turn, these linked set of hierarchies govern the behaviour of the whole system

Source: Gunderson and Holling (2002) and Berkes et al. (2003)
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of climate change, and of reducing greenhouse gas 
emissions.3 While the details are still debatable, the 
main thrust of the report is clear and compelling 
– the expected benefi ts of tackling climate change 
surpass the expected costs. The question is no longer 
whether we can afford to act, but whether we can 
afford not to. And yet, with less than six months to 
go to Copenhagen and little communal action, most 
countries are hesitant to move forward. 

Lance Gunderson and C.S. Holling condensed the 
major obstacles to sustainability into the lack of three 
basic categories: understanding of the dynamics of 
complex systems; willingness to implement; and capac-
ity to perform the actions and changes needed.4 The 
pursuit of services linking climate information with 
management and adaptation towards sustainability pose 
new challenges to the ways we defi ne problems, identify 
solutions and implement actions.

Resilience thinking
C. S. Holling and his colleagues offer a new paradigm, the 
idea of resilience as a potential organizing concept and 
scoping device for understanding and managing our social-
ecological systems.5 They defi ne resilience as the amount of 
change a system can undergo before it crosses a threshold 
and fl ips to an alternate stability regime of that system. In 
resilience thinking, three main concepts need to be recog-
nized. Firstly, complex adaptive systems are self-organizing. 
Secondly, these systems are non-linear in their trajectories of 
change, which leads to their potential for alternative stability 
regimes. Third, and fi nally, such systems go through adap-
tive cycles that describe a repeated process of four phases: 
rapid growth (r), conservation (K), release (Ω), and reor-
ganization and renewal (α).6

During the r phase resources are readily available 
and species or actors exploit niches and opportunities. 
During the K phase, resources become increasingly 
locked up and the system becomes less fl exible and 
responsive to disturbance. When the Ω phase is reached 
disturbance causes a chaotic unravelling and release 
of resources. In α phase, system boundaries become 
tenuous. New species, actors, and ideas can take hold, 
and generally lead into another r phase. Taken as a 
whole, the r to K transition is referred to as a fore (or 
development) loop, whereas the Ω to α transition is 
referred to as a back loop. Most systems move through 
this sequence of phases, but other transitions are 
possible. The back loop, characterized by uncertainty, 
novelty, and experimentation, is the transition time of 
greatest potential for the initiation of either creative or 
destructive change in the system.

Resilience thinking captures the dynamic nature of 
the world. It recognizes the dangers of optimizing for 
particular states or products of a system, and explains 
why current approaches to managing resources are 
failing. It focuses on how the system changes and copes 
with disturbances, not only anticipating and respond-
ing but also creating and shaping them. Successful 
management and adaptation for social-ecological 

These defi nitions make clear that sustainability is not an end 
product but a dynamic process that requires adaptive capacity 
for social and ecological systems to deal with change. Here, a 
dynamic process features the relationships between the motion 
(towards sustainability) and properties of a complex system, 
(social and ecological systems) and the forces (climate vari-
ability and change) acting on it. When considering the earth 
climate system, a complex social-ecological system, it is impor-
tant to consider it as a whole. This ‘human-in-ecosystems’ (not 
human-and-ecosystems) perspective is a way to think about the 
relationship between nature and society and all the interfaces 
between the two.1

Worldview and global trajectory
Worldview is a term taken from the German weltanschauung, 
meaning ‘look onto the world’. It refers to the framework through 
which an individual interprets the world and interacts in it. It is 
communal in scope and structure, and provides a view by which 
the world can be ordered and illumined. A diversity of worldviews 
linked to cultural diversity and evolution provides social-ecological 
systems with the ability to persist in the face of change. Such social 
and ecological memory bridges the values and truths of a society 
and the social-ecological environment. In opposition, modern belief 
systems and institutional frameworks seem to create homogenized 
and optimized social-ecological systems. Such systems lack diversity 
and the capacity to adapt to change and crisis, thereby creating their 
own vulnerability.

The consideration of worldviews naturally leads us to another 
important question of global trajectory, namely, whether 
humanity at the global scale is currently on a sustainable or 
unsustainable path. As was pointed out by the global think 
tank ‘the Club of Rome’ almost four decades ago, the current 
global trajectory is unsustainable for both ecological and social 
systems.2 More recently, the Stern Review of the Economics of 
Climate Change provided rigorous analysis of the costs and risks 

A simple representation and variants of the adaptive cycle

Source: Adapted from Walker and Salt (2006)
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sustainability requires resilience thinking – institutional capacity 
to respond to environmental feedback, to learn and store under-
standing, and be prepared and adaptive to allow for change. In a 
nutshell, resilience is the key property of sustainability and the 
measure of vulnerability and adaptability.7

AsiaFlux – science frontier 
AsiaFlux is a science community with a mission to ‘bring Asia’s 
key ecosystems under observation to develop and transfer scientifi c 
knowledge to ensure sustainability of life on earth’. It is the Asian 
arm of Fluxnet, the worldwide fl ux research network, and one of the 
key components of the Global Earth Observation System of Systems 
(GEOSS). The GEOSS vision is to provide the right information to the 
right people at the right time to make the right decisions. The purpose 
of AsiaFlux is to develop collaborative research and data sets on the 
cycles of carbon, water, and energy in key Asian ecosystems. It also aims 
to provide workshops and training on current and related global climate 
change science and technology. Finally, AsiaFlux seeks to cultivate the 
next generation of scientists with skills and perspectives to address 
global climate change as informed leaders and stewards.

AsiaFlux has grown from a small network of independent fl ux 
monitoring groups in 1999 to a multi-national science commu-
nity with 449 members from 28 countries. Currently, there are 

109 tower fl ux observation sites in Asia and more 
sites are on the way. The biomes covered in AsiaFlux 
range from rainforest near the equator to tundra 
in the Arctic and Antarctic, and from wetland near 
sea level to grassland in high altitudes such as the 
Tibetan Plateau. 

AsiaFlux celebrated its ten-year science, service, 
and stewardship in November 2008 by hosting the 
7th International AsiaFlux Workshop in Seoul, 
Korea. During this workshop, ‘Re-thinking global 
change science: from knowledge to policy’, the 
refi ned vision of AsiaFlux was launched to serve as 
‘science frontier’ in carbon, water and energy cycles. 
It aims to develop and transfer scientifi c knowledge 
characterized by:
•  Consilience – the synthesis of knowledge in holistic, 

exploratory, pluralistic and perspectival ways
•  Contextualization – the reformulation of scientifi c 

knowledge in social and pedagogical context by 
embracing its implications as well as the applications

•  Cultural diversity – building resilience by welcom-
ing diversity and confl ict, tolerating ambiguity, and 
embracing paradox through teaching and learning.

Tower fl ux observation sites in AsiaFlux in different plant functional types in different phases

The various adaptive cycles illustrate that ecological and social memory is maintained in the system through the presence of different functional groups in 

different phases. Two local sites, a deciduous forest (right top) and a mixed farmland (right middle), are shown to highlight the importance of integrating cross-

scale ecosystem knowledge with social practices and the historical profi le of disturbances (e.g., drought, fi re, typhoon, and land use change)

Source: AsiaFlux (www.asiafl ux.org) and Mizoguchi et al. (2009)12

http://www.asiaflux.org/
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Embracing resilience thinking
The idea of resilience thinking is deceptively simple, but its applica-
tion has proven profound and there is much to learn. Walker and 
Salt9 suggest a resilient world would be characterized by:
•  Diversity – promoting and sustaining all forms of diversity 

(biological, landscape, social and economic)
•  Ecological variability – embracing and working with ecological 

variability rather than attempting to control and reduce it
• Modularity – consisting of modular components
•  Acknowledging slow variables – having a policy focus on slow 

controlling variables associated with thresholds
•  Tight feedbacks – possessing tight feedbacks, but not too tight
•  Social capital – promoting trust, well developed social networks 

and leadership
•  Innovation – emphasizing learning, experimentation, locally 

developed rules and embracing change
•  Overlap in governance – having institutions that include redundancy
•  Ecosystem services – including all the unpriced ecosystem serv-

ices in development proposals and assessments.

Folke et al. proposed four principles for building resilience: learning to 
live with change and uncertainty; nurturing diversity for reorganization 
and renewal; combining different types of knowledge for learning; and 
creating opportunity for self-organization.9

Overall, building resilience will require dynamic interplay 
between diversity and disturbance, along with recognition 
of cross-scale dependencies. Resilience thinking encour-
ages scientists and practitioners to work together with the 
public to produce trustworthy knowledge and judgment 
that is scientifi cally sound and socially robust. The science, 
service, and stewardship of AsiaFlux are complementary 
with resilience thinking. It provides qualitative monitoring, 
management, and long time series of local observation and 
ecological and social memory for understanding ecosystem 
change throughout the adaptive cycle.

AsiaFlux entering the agora
By 2011 AsiaFlux hopes to provide a report on the Asian 
carbon and water budget and develop infrastructure for an 
Asian carbon and water tracking system. Furthermore, it 
aims to develop a synthesized measurement and modelling 
system that keeps track of emissions and removal of CO2 
and H2O in Asia. Reliable knowledge can become socially 
robust only if society perceives the production process to be 
transparent, open and participative. This, in turn, depends 
on reciprocity in which the public understands how climate 
change science works but, equally, climate change science 
understands how the public works. The AsiaFlux vision will 
guide such enhanced mutual understanding and commu-
nicate and demonstrate it by embracing resilience thinking. 

AsiaFlux will continue to create space to deal with emerg-
ing paradigms for re-thinking science processes such as 
cultural boundaries and authority of climate change science, 
its co-evolution with risk society, context-sensitive science, 
and the challenge of nurturing diverse functional groups.10 
The latter may include: knowledge carriers and retainers; 
interpreters and sense makers; networkers and facilitators; 
stewards and leaders; visionaries and inspirers; innovators 
and experimenters; entrepreneurs and implementers; and 
followers and reinforcers.11 Such efforts guide AsiaFlux to 
enter a new community space, the agora. The agora was an 
open place of assembly in ancient Greek city states, where 
citizens would gather for military duty, to hold markets or 
to hear statements of the ruling king or council.

This October in the beautiful city of Hokkaido in north-
ern Japan, AsiaFlux will host the 8th AsiaFlux Workshop 
on ‘Integrating cross-scale ecosystem knowledge: bridges and 
barriers’. The workshop consists of a regular science session 
and many special sessions such as ‘CarboEastAsia’, ‘Global 
biogeochemical cycles’, ‘Bridges between ecosystem obser-
vation and remote sensing’, ‘Barriers in fl ux measurements’, 
and ‘Interfaces between carbon science and society’. These 
sessions consist of a diversity of individuals, workgroups, 
institutions, and organizations with different but overlap-
ping roles within and between critical functional groups, 
thereby building resilience. The workshop will not only 
bring students, scientists, technologists, capitalists, entrepre-
neurs, diplomats, and policy-makers together, but also help 
us cross cultural, disciplinary, geographic, and hierarchical 
boundaries. Thus, we invite all to our new community space 
in which science meets and interacts with others and where 
interests, values, and decisions are discussed, fought over, and 
perhaps settled. Welcome to the AsiaFlux agora.

Net ecosystem carbon exchange (NEE) in a deciduous forest and a 
mixed farmland in Korea

Positive NEE indicates carbon release and negative NEE indicates carbon 

uptake. Terrestrial ecosystems are strong sinks of atmospheric CO2. Climatic 

disturbances such as monsoon, typhoons and management practices can, 

however, dramatically change the ecosystem processes and feedbacks

Source: KoFlux (www.kofl ux.org)

Research, implementation and use of 
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Fragile ecosystems, rapidly retreating glaciers, threatened 
water resources, extreme events and disasters in harsh envi-
ronments, as well as demanding livelihood conditions make 

mountain regions particularly vulnerable to ongoing climate change. 
For many developing countries adequate response and short- to 
long-term adaptation strategies to climate change will be the big 
challenges over the coming decades. However, overcoming these 
challenges will also be fundamental to the future existence of many 
societies in mountain regions. The Andes in Peru is expected to 
be seriously affected by climate change.2 The Swiss and Peruvian 
governments have therefore joined forces – through the Swiss Agency 
for Development and Cooperation and the Ministry of Environment, 
respectively – to improve the scientific baseline for climate change 
adaptation, and to implement an adaptation programme in the 
Cusco and Apurímac regions of the Peruvian Andes. The Programa 
de Adaptación al Cambio Climático (PACC) was initiated in 2008 
and is implemented by a non-governmental organization consortium 
including Intercooperation, Predes and Libélula. The programme is 
also supported by Peruvian and Swiss scientific institutions. The 
Swiss consortium is led by the University of Zurich and includes: 
Meteoswiss; Meteodat; Agroscope Reckenholz-Tänikon ART; the 
Swiss Federal Institute for Forest, Snow and Landscape Research 
WSL-SLF; and the University of Geneva. 

The PACC focuses on three major thematic lines: disaster risk reduction; 
water resource management; and food security. This allows for an impor-

tant integrative research approach across several sectors. 
Climate change impacts and adaptation is highly complex, 
both on a scientific and implementation level. The main 
reason for this is that impacts affect different ecological serv-
ices and socioeconomic systems, vary in related feedback 
effects, and occur in a multi-actor environment through 
different levels of social and political systems. International 
collaboration is needed to address these key problems. The 
Peruvian-Swiss collaboration aims to improve the baselines 
of expected climate change impacts on the regional and local 
level, in order to enable better planning and implementation 
of effective and socially consistent adaptation measures.

Observed and projected climate impacts in the Andes
Cusco and Apurímac are Andean regions in the south of 
Peru between approximately 3,000 and more than 4,000 
metres above sea level, with mountain peaks rising over 
6,000 metres above sea level. The combined population 
of both regions is around 1.5 million, with about 40 per 
cent suffering from malnutrition and over 75 per cent are 
without basic needs. Poverty-related problems are particu-
larly pronounced in rural areas. As a consequence, there is 
limited adaptive capacity to the adverse effects of climate 
change.3 The Andean regions of Peru have two distinct 
seasons, a rainy period in austral summer and a dry period 
in austral winter. During the dry season, many of these 
regions rely on glaciers as a primary water resource. As 
such, indigenous rural people are observing the glacier 
retreat of the past decades with increasing concern.4 

However, glacier retreat and changing water resources 
is not the only evidence of climate change impacts in the 
region. The picture is far more complex. Extreme climatic 
events such as cold waves have been observed to strike more 
severely in recent years. The rural population, in particu-
lar, is badly affected by loss of crops and cattle caused by 
cold waves and droughts. Drought intensities range from 
moderate to severe for time periods of 1, 3 and 12 months, 
especially in the south Andean regions of Peru.5 In addition 
to slow-onset climatic disasters, the magnitude and recur-
rence of rapid geomorphic hazards, such as landslides, may 
be altered due to climate change.

Past and present climate trends, as well as future 
projections, are not understood in sufficient detail for 
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Ground stations in the Andes are often maintained by local people
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and community levels to fi nd more sustainable mechanisms 
of climate change adaptation. 

In this context, climate information and related dissemi-
nation plays an essential role in the PACC. On the level of 
the regional governments – and especially on the level of 
local governments – important gaps have been identifi ed 
with respect to information on climate, climate change and 
related impacts. Access to, and adequately prepared analy-
sis of, climate information is key for short-term response 
as well as in the longer-term sustainable design and imple-
mentation of adaptation measures. New and improved 
early warning systems, for instance, may help farmers take 
early measures against upcoming droughts, or prepare 
themselves before immediate hail events. One of the chal-
lenges in this context is a smooth line of information and 
communication from the relevant national institutions to 
the regional agencies, and eventually to the local level. The 
PACC is thereby in a particularly promising position since 
it involves all these levels.  

However, preparation and communication of relevant 
and useful climate information by scientists for end-users is 
complex and spans several levels. This can be illustrated by 
the contrast between a scientifi c climate modeler producing 
scenario runs, and an indigenous herdsman in the Andes 
who may need climate information tailored to his needs, and 
possibly even more importantly, to his cultural and social 
context. Without a deeper knowledge of the local cultural 
context it is nearly impossible for the climate modeler to 
produce the right kind of information. It is vital to include 
the human dimension in the process of climate information 
and communication. While climate projections, such as the 
example above, may be important for a climate scientist, for 
a local farmer in the Andes they are not. The spatial reso-
lution is much too coarse and the time horizon of several 
decades too far ahead, and essentially, he is not able to inter-
pret such a graphic. The inability to interpret this kind of 
graphic may also apply for authorities in local or regional 
governments. In fact, recent studies in Peru have shown, 
that on the level of regional governments there may exist a 
gap in understanding climate change information, such as 
future climate projections.10 The traditional knowledge of 
local communities on past climate change, as well as related 
adaptation experiences, can be important to consider for 
current and future adaptation. However, climate is increas-
ingly changing beyond the historical experience of local 
people and it therefore needs to be investigated carefully 
how best to use traditional adaptation strategies in the face 
of new challenges. 

A further diffi culty is the communication of uncertainties 
that are inherent to climate times series, climate projec-
tions and climate change impacts. The diffi culty pervades 
communication at several levels, from science to interna-
tional and national policy levels, to the public and the local 
level. In climate science uncertainties have been an impor-
tant issue for quite a while, but they have only recently been 
systematically approached in the fi eld of climate change 
adaptation.11 The key for adaptation projects such as the 
PACC is to fi nd adaptation measures that are robust against 
uncertainties but feasible to implement.

the Peruvian Andes. This due mainly to the region’s strong incidence 
of natural climate variability. In general, a temperature increase of up 
to 0.3°C a decade has been observed, but this pattern is not homo-
geneous.6 For the Urubamba catchment in Cusco the temperature 
has increased by about 0.4°C a decade.7 Furthermore, annual precip-
itation shows a decreasing trend for the southern Peruvian Andes 
over the last fi ve decades, but the trend is less clear on a monthly 
or seasonal basis.8 Trends for extreme precipitation events have 
not yet been suffi ciently analysed, while climate projections for the 
region still bear considerable uncertainties as well.9 Hence, there is 
a strong need to improve the scientifi c baseline concerning the type 
and magnitude of climate change impacts on the local and regional 
level using appropriate downscaling methods. Thorough analysis of 
existing long-term climate series should be a fundamental part of any 
impact assessments. Because of this, the typically poor data availabil-
ity for the Andean regions proves an especial problem – emphasizing 
the importance of improving current monitoring networks and inte-
grating additional data sources – such as satellite data. 

Climate information for improved adaptation
The PACC takes an interdisciplinary and interinstitutional approach. 
The analysis of cross-sector effects through the thematic lines of water 
resources, food security and natural disasters is thereby important. 
The human dimension is integrated in this concept to allow for a more 
complete view on vulnerabilities to climate change. A better understanding 
of people’s perception of climate change – its risks and potential adapta-
tion strategies – as well as their perception of different local, regional 
and national actors will enable improved design of adaptation mecha-
nisms. It is particularly important to maintain an integrative perspective 
in this context, because the impacts of climate change are multiple and 
their severity, potential damage and cost need to be analysed in an inte-
grated framework. Corresponding methodologies, however, are poorly 
developed on the local level and therefore need to be advanced. The 
interdisciplinary approach and multi-actor environment encompassed by 
the PACC represents both its strength and complexity. The PACC repre-
sents a major opportunity to improve the dialogue between the scientifi c 
community, implementing agencies and practitioners, and the political 

An example of climate projections. Mean specifi c humidities are 
shown for June 2046-2065 for South America 

IPCC-AR4 based results from four Global Circulation Models lack detail as to 

whether the dry austral winters in Cusco and Apurímac will be even drier in future

Source: IPCC
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Climate change is happening and represents one of the 
greatest environmental, social and economic threats the 
planet is facing. The overwhelming scientific evidence 

gathered on the causes of climate change and possible response 
measures urges us to act. The European Union (EU) is leading 
the way by both taking ambitious action on its own and through 
its commitment to working constructively for a global agree-
ment aimed at controlling climate change.

The EU’s objective is to ensure that global average temperature 
does not increase above 2°C over pre-industrial levels. To achieve 
this goal, global emissions of greenhouse gases must peak before 
2020 and then decrease below 50 per cent of 1990 levels by 2050. 
The necessary cuts in global emissions can be achieved only if all 
countries contribute their fair share, according to their respective 
responsibilities and capacities. However, reducing greenhouse gas 
emissions worldwide will not be sufficient. Even if the global average 
temperature increase stays below 2°C, significant adaptation efforts 
will be required in many, if not all regions of the world.

The key priority for the EU is to achieve a successful conclusion to 
the international negotiations on a global agreement for the period 
after 2012 at the UN climate change conference in Copenhagen.1 
Reducing global emissions of greenhouse gases will require action 
by both developed and developing countries. Developed countries 
must take the lead and cut their collective emissions to a level 30 
per cent lower than 1990 by 2020. The EU has set an example by 
committing to this reduction target, if other developed countries 
agree to comparable cuts. The EU has already adopted policy meas-
ures to reduce its own emissions by 20 per cent from 1990 levels.2 
The European Commission also published a strategy paper to foster 
policy action on adaptation to climate change.3

Such policy actions are only possible because they are built on solid 
climate science. Serious climate change impacts and risks have been 
identified, analysed and assessed, most notably in the assessment 
reports of the Intergovernmental Panel on Climate Change (IPCC). 
However, to ensure efficient and effective action, knowledge needs 
to progress further: in the understanding of the climate system; on 
the evaluation of the impacts of climate change; and on the iden-
tification and assessment of options for mitigation and adaptation. 
This endeavour requires and will continue to necessitate significant 
sustained support to research activities on climate change.

Climate research and observations activities at the EU level are under-
taken within the Framework Programme of the European Community 
for research, technological development and demonstration activities.4 
European Community (EC) research funding complements research 
activities supported by the 27 Member States of the European Union 

and Associated Countries. EC-Framework Programme 
projects are characterized by: the involvement of a diversi-
fied set of research institutions based in the EC; their strong 
international dimension structuring the European Research 
Area; and by going well beyond European borders in terms 
of participation. The 7th Framework Programme (FP7), 
covering the period 2007-2013, is the world’s most open 
research programme to international cooperation. 

Climate relevant collaborative research under FP7 is 
mostly undertaken in four thematic areas. These are 
environment, energy, transport and global monitoring. 

Environment
The objective of relevant activities under the environ-
ment theme is to improve our knowledge of the Earth 
system.  This involves the enhancement of our capacity 
in observing and predicting the evolution of the climate 
system, improving the accuracy of climate information 
at regional and local levels as well as developing our 
knowledge on adaptation. This can be achieved through 
the ‘downscaling’ of modelling techniques and their 
application to smaller areas. Additional research focuses 
on integrating the physical and socioeconomic aspects 
of climate change in order to quantify its impacts and 
costs, and thus design more effective technologies and 
sustainable development strategies for mitigation and 
adaptation in Europe and beyond. This will help to 
further develop knowledge of vulnerability assessments 
and responses to natural climate-related disasters, as 
well as in the assessment of climate-induced changes on 
natural resources and impacts on human health.

Energy
Energy research activities support the development 
of a less resource intensive and carbon-emitting 
energy system to address the pressing challenges 
of energy supply and climate change. This involves 
improving energy efficiency throughout the energy 
system, accelerating the increase in renewable energy 
sources’ share of the energy mix, reducing green-
house gas emissions, decarbonising power generation 
and the transport sector. 

Transport
The main objective is to promote the development of inte-
grated, ‘greener’ and ‘smarter’ European transport systems 

Observing, Predicting and Projecting Climate Conditions 
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towards science-based climate services and operational 
climate prediction.

Meeting the objectives proposed for the provision 
of climate services by WCC-3 will require significant 
further progress in knowledge on modelling, observa-
tions, impact and vulnerability assessments, research on 
adaptation, and also on the transition of research into 
the operational domain.

With regard to modelling activities, some remark-
able projects funded by the EC such as Dynamite,6 
Ensembles7 and Amma8 have been instrumental in 
developing climate modelling capacities, improving climate 
forecasts, measuring their accuracy and addressing the 
regional aspects of climate projections. Results from these 
projects have played an important part in the prepara-
tion of the IPCC 4th Assessment Report. Further model 
developments are expected from a project recently started, 
Combine.9 New projects with relevance to IPCC assess-
ments take into consideration needs for the preparation of 
the IPCC 5th Assessment Report.

Regarding observations, the EC is a key supporter of 
major international initiatives such as the Group on Earth 
Observations,10 and implements additional programmes 

in order to reduce greenhouse gas emissions and congestion. This 
involves ‘greening’ air transport by developing technologies to reduce 
the environmental impact of aviation, with the aim of halving carbon 
dioxide emissions from their current level. Surface transport can also 
be greener by developing technologies and knowledge to reduce air 
pollution (including emissions of greenhouse gases). Finally, research 
on the use of alternative fuels for transport, particularly hydrogen, is 
financially supported.

Space and global monitoring 
Climate change can be monitored through Earth observation includ-
ing from satellite systems. This involves developing appropriate 
satellite-based monitoring and early warning systems, for environ-
ment assessments and protection issues.

The European Commission has prepared an overview of completed 
and ongoing climate research projects funded since 2003 for World 
Climate Conference-3 (WCC-3).5 The 134 EC-funded research 
projects included in this overview involve an overall budget of 
EUR543 million of EC funding. These projects contribute signifi-
cantly to knowledge on climate change and its impacts through 
modelling and observations activities – including evaluation of the 
costs of response strategies (mitigation and adaptation). This research 
offers key contributions to the efforts launched by WCC-3 in moving 

Environment research strengthens understanding and prediction of climate change, as well as our capacity to manage and adapt to it
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such as Global Monitoring for the Environment and Security, which 
pioneers EU activities towards operational environmental services.11 
The Joint Research Centre of the European Commission also partici-
pates in important initiatives regarding capacity for monitoring and 
assimilating space-based climate change observations. 

On adaptation to climate change the projects ADAM,12 
ClimateCost13 and CCTAME14 are providing innovative results 
and policy relevant outputs. The focus on research for adaptation 
has been strengthened in most calls for proposals in the activity 
‘Environment (including climate change).’

Currently, the progress in observation, climate modelling, impacts 
and vulnerability studies is not sufficient to meet the needs of opera-
tional climate services. The establishment of means for the provision 
of climate services as proposed by WCC-3 will need to set new foun-
dations for the provision and use of science-based climate information 
and prediction. Precise and detailed forecasts of the consequences of 
climate change at temporal and spatial scales corresponding to the 
needs of society will require a further leap forward in understanding, 
as well as sustained efforts in climate research and observation.

One of the scientific challenges to be met is to develop the capacity 
for providing a seamless climate prediction system that can provide 
forecasts at all relevant timescales (seasonal, multi-annual, decadal 
and multi-decadal). The framework to be established aims to make 
such forecasts available on the geographical scale relevant to regional 
projections, vulnerability assessment and for the design of adaptation 
measures. Bridging the gap in the timescales covered by the model 
forecasts will require both extending medium-range weather forecast 
tools (mostly used for meteorological purposes) to longer timescales 
and increasing the accuracy of climate forecasts (from multi-decadal 

to decadal) over shorter forecasting periods. Such conver-
gence would represent a big leap forward. It will require 
continued support to model development and the extensive 
use of models . It will also necessitate close collaboration 
between modellers and observation experts to ensure that 
simulations integrate the most recent and up-to-date data 
sets with the most relevant data assimilation techniques. 
From a user perspective, climate predictions need to be 
reliable in order to be useful. Therefore the measurement 
of model predicting skills is part of the overall challenge 
of the provision of climate services.

There is no silver bullet, no single mega-model that 
will bring all the responses needed. Progress will come 
from sustained collaboration between meteorologists, 
climatologists, impacts and vulnerability assessment 
scientists, and experts from other disciplines, includ-
ing social sciences and the user community. From an 
institutional perspective, such endeavours can best be 
achieved through close collaboration between the EU 
and its Member States, and the relevant UN agencies, 
as well as by the structuring of various major initia-
tives through international research programmes. 
The European Commission has addressed, and will 
continue to address, the research needs posed by 
the provision of climate services. It will sustain its 
funding efforts and ensure that the research priorities 
identified by the high level taskforce of independent 
advisers established by the conclusions of WCC-3 are 
given due consideration.

Precise and detailed forecasts of climate change consequences will require a further leap forward in understanding
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The World Climate Research Programme (WCRP) was estab-
lished in 1980 under the joint sponsorship of the World 
Meteorological Organization (WMO) and the International 

Council for Science (ICSU). Since 1993 the Intergovernmental 
Oceanographic Commission (IOC) of the United Nations 
Educational, Scientific and Cultural Organization has also spon-
sored the programme. The main objectives of the WCRP are to 
determine the predictability of climate and the effect of human 
activities on it. These objectives went on to serve as the foun-
dation of today’s adaptation and mitigation response strategies 
to changes in climate. Due to the WCRP, it is now possible for 
climate scientists to monitor, simulate and project global climate 
– in turn this information can be used for governance, in decision 
making and in support of a wide range of practical applications. 

During the past 30 years, new disciplines of climate science have 
emerged that transcend the traditional fields of atmosphere, oceans 
and land sciences. Many of these new disciplines have led to routine 
seasonal to interannual climate predictions, as well as longer-term 
climate projections. In parallel with such studies of the natural fluc-
tuations of the coupled climate system, coupled climate models driven 
by changes in the radiative forcing of greenhouse-gas emissions have 
also been developed. Such models provided the climate change projec-
tions that underpinned the assessments of the Intergovernmental 
Panel on Climate Change (IPCC) and the United Nations programme 
on atmospheric ozone depletion/recovery. 

While climate is a global phenomenon, the effects of its variabil-
ity are felt at lower levels, including region, city and community. 
Furthermore, climate change affects different sectors of the global 
economy – such as agriculture and food production, water resources 
and fresh water distribution, energy and transportation, leisure and 
tourism, and environment and health – in different ways.

The need for climate information by different regions and sectors 
must be taken into account when organizing a network of experts 
to carry out required research and assessments in the future. The 
international scientific community is adjusting its research, model-
ling and observational priorities to respond to this need as rapidly 
as possible. This change is also reflected in scientific coordination 
programmes such as the WCRP and the International Geosphere-
Biosphere Programme. The goal is to have in place, by the middle 
of the next decade, regional assessments that are well organized and 
based on the best scientific understanding and knowledge available at 
the time. Further developing and sustaining this network of regional 

and local experts constitutes a major challenge, especially 
for less developed and developing regions of the world.

Managing the risks and benefits associated with 
climate will involve managing the entire continuum of 
activities relating to it. This process includes: observing 
and understanding the Earth’s climate system; projecting 
and assessing climate variability and change for different 
regions and economic sectors; and ultimately delivering 
this knowledge to decision makers. Transferring knowl-
edge gained from research to decision and policy makers 
stands a far greater chance of success if the scientific 
community coordinates its research with the develop-
ment of alternative solutions for mitigating the adverse 
impacts (and realizing the full benefits of) climate 
change for different regions and economic sectors. 
Such a ‘solution-based’ approach requires greater coor-
dination and integration by the WCRP and its sibling 
international research programmes. For example, tack-
ling the anticipated changes in regional temperature and 
precipitation may require a different set of agricultural 
and food production practices to those used today. As 
such, climate expertise must be supplemented with 
agronomic expertise to assess which crops are most suit-
able for the emerging climate conditions, as well as to 
develop best practices for optimum production under 
such conditions. 

The scientific foundation for climate prediction
The scientific foundation for today’s climate prediction 
and projection techniques can be traced back to the 
physically-based numerical models of atmospheric and 
oceanic circulations created in the 1950s and 1960s. 
Over the subsequent few decades a major limiting factor 
was the lack of high quality, long-range climate obser-
vations. The advent of remote sensing and space-based 
Earth observations helped significantly to address this 
limitation. These observations provided the first global 
perspective of the Earth’s atmospheric circulation and 
climate system. This, in turn, enabled global climate 
studies and the identification of the key physical climate 
system processes. 

The idea of an international research programme on 
climate change came into being at the Eighth World 
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calibration led to refinements in air-sea flux measure-
ment from both ship- and mooring-based platforms. 
Experimental devices such as gliders demonstrated 
the potential for performing repeated measurements in 
regions of the ocean historically difficult to observe. 

Ocean modelling efforts – enabled significantly by 
advances in computer and information technologies – 
have resulted in global ocean models that represent the 
energetic nature of boundary currents and associated 
processes. They are also capable of providing a dynami-
cally consistent description of many observed aspects of 
the ocean circulation that contribute to the formation 
and variation of the Earth’s climate system. A combina-
tion of real-time ocean observations and ocean models 
offers the possibility of operational oceanography on 
a global scale – an important theme of the upcoming 
Ocean Observations ’09 Conference, which is to be held 
in Venice, Italy. As such, the scientific community is now 
on the verge of realizing the oceanographic equivalent 
of a World Weather Watch – the system responsible for 
modern weather forecasts.

Challenges and opportunities in providing  
climate information
Looking to the future, the WCRP Strategic Framework 
for the 2005-2015 period aims to facilitate analysis and 
prediction of Earth system variability and change for 
use in an increasing range of practical applications of 
direct relevance, benefit and value to society. A key focus 
of the Strategic Framework is the seamless prediction 
of weather, climate and, ultimately, the whole Earth 
system. There are many theoretical and practical reasons 
for adopting this approach. The extension of ‘climate 
prediction’ to the more encompassing ‘environmental 
prediction’ requires recognition that the climate system 
is inextricably linked to the Earth’s biogeochemistry and 
to human activities. For the WCRP to achieve its goals of 
understanding and predicting climate variability and its 
effect on society at large, it must, and will, contribute to 
studies of the fully integrated Earth system. 

Developing a unified approach to weather, climate, 
water and environmental prediction requires a broadened 
Earth system perspective beyond the traditional atmos-
pheric science disciplines. The development of climate 
prediction, and ultimately environmental prediction, 
is not a simple extension of numerical weather predic-
tion. For example, the scientific disciplines required to 
support weather, climate and environmental prediction 
span meteorology, atmospheric chemistry, hydrology, 
oceanography and marine and terrestrial ecosystems. 

While atmospheric nowcasting and short-range 
weather forecasting are primarily initial value problems, 
extension to, medium- and extended-range weather 
forecasting brings in the coupling of land surface proc-
esses, as well as the role of soil moisture feedback and 
other surface-atmosphere coupled processes. Long-range 
forecasting from weeks, to months, to a season involves 
atmosphere-ocean coupling, with the initial conditions 
of the memory inherent in the upper ocean leading to 

Meteorological Congress in May 1979 and lead to the formation 
of the WCRP. The major foci of the WCRP are understanding and 
predicting the climate system, and assessing the influence of human 
activities on it. In its 1984 Scientific Plan the WCRP identified the 
complexity and breadth of the scientific challenge at hand – recogniz-
ing clearly the role of radiation, clouds, the oceans, the hydrological 
cycle and the biosphere in the formation and variability of the Earth’s 
climate. Oceans, land surfaces, the cryosphere and the biosphere all 
need to be represented realistically in global climate models for future 
projections to be realistic. Today’s four core WCRP projects – Global 
Water-Energy Experiment (GEWEX), Climate and Cryosphere, 
Climate Variability and Predictability (CLIVAR), and Stratospheric 
Processes and their Role in Climate (SPARC) – were established to 
achieve this task. 

Extensive model development and numerical experimentation 
required exploration of climate sensitivity to changes in atmospheric 
carbon dioxide concentration (as well as other gases and aerosols). 
Early studies on the assessment of the effects of carbon dioxide on 
climate accommodated IPCC needs. In view of the critical role of 
oceans in the climate system, close cooperation was established with 
the oceanographic community – IOC joined as co-sponsor of the 
WCRP in 1993. The first WCRP coupled atmosphere-ocean initiative, 
the Tropical Ocean and Global Atmosphere (TOGA) project, studied 
the influence of the slowly varying thermal inertia of tropical oceans 
on large-scale atmospheric circulation. Recognition of the longer 
timescale or memory inherent to the oceans enabled short-term 
climate forecasts to extend beyond days to weeks. The requirement 
for ocean observations to initialize coupled forecasts established the 
prototype of the ocean observing system now in place. During the 
previous decades, routine observations of the air-sea interface and 
upper ocean thermal structure in the tropical Pacific Ocean were 
provided in real time by the Tropical Atmosphere Ocean array. These 
observations have since been sustained in the Pacific and extended to 
the Atlantic and Indian Oceans, thus building a solid foundation for 
today’s ocean observing system. 

Ocean data assimilation proved to be a key element of the initiali-
zation of seasonal-to-interannual climate forecasts. Coupled ocean 
atmosphere prediction models were implemented at many of the 
world’s major weather prediction centres. This led to key break-
throughs in seasonal climate forecasts based on observations, 
understanding and modelling of worldwide anomalies in the global 
atmospheric circulation, temperature and precipitation patterns 
linked via teleconnections to El Niño. The WCRP-sponsored CLIVAR, 
TOGA and WOCE projects have established a solid foundation to 
study the ocean’s role in climate. The ocean observations collected 
and disseminated by these projects – supported by more than 30 
nations – were fundamental in the development of basin-scale ocean 
models and have shaped the current understanding of mixing proc-
esses for energy and nutrients in the oceans. These efforts have had 
a positive impact on: knowledge of the global oceans; adoption of 
new technology used by oceanographers; and overall changes to the 
scientific methods for ocean research. 

Advances in ocean technology played a major role in permitting 
a global ocean perspective. Continuous observations of global sea 
surface height were provided by the TOPEX/Poseidon satellite, the 
Jason satellites and the European Remote Sensing satellite radar 
altimeters. Active and passive microwave satellite sensors provided 
all-weather measurements of the ocean surface wind velocity, 
temperature and biological activities. Improved instrumentation and 
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longer lead-time predictive skill. Decadal climate prediction is deter-
mined by both initial and boundary conditions. On these timescales, 
deeper oceanic information and changes to radiative forcing from 
greenhouse gases and aerosols play determinant roles. When consider-
ing interdecadal to centennial climate projections, not only do future 
concentrations of greenhouse gases need to be taken into account, but 
also changes in land cover/dynamic vegetation and carbon sequestra-
tion governed by both marine and terrestrial ecosystems. 

One of the WCRP’s major challenges is to determine the limits 
to predictability on the decadal timescale. Within the concept of a 
unified suite of forecasts, decadal prediction bridges the gap between 
predicting seasonal-to-interannual climate variability and change, 
and the externally forced climate change projections over very long 
periods. A focus on decadal prediction may help expedite the devel-
opment of data-assimilation schemes in Earth system models and the 
use of Earth system models for shorter-range prediction. For example, 
seasonal predictions can be used to calibrate probabilistic climate 
change projections in a seamless prediction system. Hence, there is 
common ground on which to base a convergence between weather 
forecast and seasonal to interannual climate prediction. 

Over the past 20 years, the link between WCRP observational and 
modelling efforts has been atmospheric re-analyses – these have 
greatly improved the ability to analyse past climate variability. The 
current climate records are usually made up of analyses of observa-
tions taken for many other purposes such as weather forecasting in 
the atmosphere, or core oceanographic research. There is now recog-
nition that global climate can be understood primarily by ensuring the 
collection and maintenance of quality observations of the atmosphere, 
ocean and land surface (including the cryosphere). Many climate 
datasets are inhomogeneous: the record length is either too short to 
provide decadal scale information, or the record is inconsistent owing 
to changes in sensors or operation, and absence of adequate attention 
to archive and preservation of such records. As such, major efforts 
were required to homogenize the observed data and make it useful 
for climate purposes. 

Reanalysis of atmospheric observations using a constant state-
of-the-art assimilation model has helped enormously in making 
the historical record more homogeneous and useful. Indeed, in the 
20 years since reanalysis was first proposed, there have been great 
advances in the ability to generate high quality, temporally homo-
geneous estimates of past climate. With the ongoing development of 
analysis and reanalysis in the ocean, land and sea ice domains, there 
is great potential for further progress and improved knowledge of 
the past climate record. There has also been some development of 
coupled atmosphere-ocean data assimilation, which lays the foun-
dation for future coupled reanalysis studies, and may lead to more 
consistent representations of the energy and water cycles. This latter 
area is a major focus for the GEWEX project. 

Another challenge confronting climate researchers is the provision 
of regional-level climate information that investors, business leaders, 
natural resources managers and policy makers need to help prepare 
for the adverse impacts of potential climate change on industries, 
communities, ecosystems and entire nations. While global mean 
measurements of temperature, precipitation and sea-level rise are 
convenient for tracking global climate change, many sectors of society 
require actionable information on considerably finer spatial scales. 
The increased confidence in attribution of global-scale climate change 
to human-induced greenhouse gas emissions, and the expectation 
that such changes will increase in the future, has led to an increased 

demand in predictions of regional climate change to 
guide adaptation. 

Although there is some confidence in the large-scale 
change patterns of certain predicted parameters, the skill 
in regional prediction is much more limited and diffi-
cult to assess. This is because the WCRP does not have 
data for a selection of different climates against which 
to test models. Much research is being done to improve 
model predictions, but progress is likely to be slow. In 
the meantime, the WCRP recognizes that governments 
and businesses are faced with making decisions now and, 
as such, require the best available climate advice today. 

Despite their limitations, climate models are the most 
promising means of providing information on climate 
change. As such, the WCRP encourages unrestricted 
access to climate predictions to help in decision making 
– provided the limitations of such predictions are made 
clear. The WCRP has begun to develop a framework 
to evaluate regional climate downscaling (RCD) tech-
niques – enabling global climate projections to be used 
for regional applications.1 Such a framework would be 
conceptually similar to the successful coupled model 
comparisons undertaken by the Working Group on 
Coupled Modelling (WGCM) and would have the goal of 
quantifying the performance of regional climate model-
ling techniques, as well as assessing their relative merits. 

An international coordinated effort is envisioned to 
develop improved downscaling techniques and to provide 
feedback to the global climate modelling community. A 
specific objective will be to produce improved multi-
model RCD-based high-resolution climate information 
over regions worldwide for input to impact/adaptation 
work and to the IPCC Fifth Assessment Report (AR5). 
This would promote greater interactions between climate 
modellers, those producing downscaled information and 
end-users to better support impact/adaptation activities, 
as well as to better communicate the scientific uncer-
tainty inherent in climate projections and information. 
An important theme in this activity will be to promote 
the greater involvement of scientists from developing 
countries. 

The WCRP will continue to provide scientific leader-
ship for major international climate assessment activities. 
Currently, under the leadership of the WCRP’s WGCM, 
the fifth phase of the Coupled Model Intercomparison 
Project (CIMP5) is under development in support of 
IPCC AR5. The grand challenge for climate models 
participating in this activity is to resolve regional climate 
changes to which human societies will be forced to adapt, 
as well as to quantify the magnitude of the feedbacks 
in the climate system. The scientific community has 
formulated such coordinated experiments to address key 
science questions in support of decision makers. Since 
these experiments will constitute the major activity of 
the international climate change modelling community 
over the next few years, the results will be eligible for 
assessment by AR5. 

For longer timescale projections (to 2100 and beyond), 
intermediate resolution (~200 kilometres) coupled 
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climate models will incorporate the carbon cycle, specified/simple 
chemistry and aerosols. These models will be forced by new mitiga-
tion scenarios referred to as ‘representative concentration pathways’. 
Mitigation and adaptation scenarios with permissible emission levels 
that allow the system to reach gradually targeted concentration are to 
be used (in place of the previous IPCC Special Report on Emissions 
Scenarios). The new scenarios will have implicit policy actions to 
target future levels of climate change. 

Since we can only mitigate part of the problem, the challenge is to 
use climate models to quantify time-evolving regional climate changes 
to which human societies will have to adapt. A new focus area for 
CMIP5 is a set of near-term projections that encompass 10- and 
30-year prediction studies and high-resolution time slice experi-
ments.2 WCRP researchers believe there are reasonable prospects for 
producing decadal forecasts of sufficient skill to be used by planners 
and decision makers. There are two aspects to the decadal problem, 
the externally forced signal, and the predictable part of the internally 
generated signal. The latter signal comes from intrinsic oceanic mech-
anisms, coupled ocean atmosphere processes, modulation of climate 
modes of variability (for example, the El Niño/Southern Oscillation) 
and – potentially – land and cryospheric processes. 

The WCRP will continue to support the quadrennial WMO/United 
Nations Environment Programme Ozone Assessment. The SPARC 
Chemistry Climate Model Validation Activity (CCMVal) is the main 
model-based analysis for the connection between atmospheric chem-

istry and climate. CCMVal provides strategic modelling 
support to the ozone assessment process, which is 
mandated by the Montreal Protocol. Ozone is a major 
constituent in radiative processes and is also affected 
by dynamics and transport. Only CCMs can simulate 
the feedback of chemical processes on the dynamics 
and transport of trace gases. The CCM simulations 
are designed to support the WMO/UNEP Scientific 
Assessment of Ozone Depletion/Recovery: 2010. The 
main focus will lie on model validation against observa-
tions, as well as on assessments of the future development 
of stratospheric ozone. 

At present, ozone recovery is expected to take place 
until the middle of the century,3 when column ozone 
is expected to reach 1980 values in southern polar lati-
tudes. This development is determined, on the one hand, 
by a decrease in ozone depleting substances (ODSs) and 
on the other by a decrease in stratospheric tempera-
tures – due to enhanced greenhouse gas concentrations 
in the atmosphere, which affects polar stratospheric 
cloud formation and heterogeneous ozone destruction. 
An important issue is how changes in the tropospheric 
abundances of ODSs translate to changes in the ozone-
depleting active chemicals in the stratosphere. For 
studies of the future development of stratospheric ozone 
it is of great importance to take into account interactions 
between radiation, dynamics and the chemical composi-
tion of the entire atmosphere.

To date, climate projections have generally treated 
internal variability as a statistical component of uncer-
tainty. Though there is no marked decadal peak in the 
spectrum of the climate system, long timescales exist 
and are potentially predictable. The challenge of predic-
tion/predictability studies is to identify the mechanisms 
associated with regions/modes of predictability, to better 
understand the connection between oceanic modes and 
terrestrial climate variability, and to investigate predic-
tive skill by means of prognostic (including multi-model) 
decadal predictions. The results of predictability studies 
and demonstrations of forecast skill provide the founda-
tions for initiating a coordinated WCRP study of decadal 
climate variability, predictability and prediction. 

In summary, the WCRP has made great strides in 
advancing understanding of the coupled climate system 
from seasonal to centennial timescales. WCRP research 
efforts formed the foundation of today’s seasonal climate 
forecasting products and services. The WCRP has played 
a major role in converting the resultant scientific infor-
mation and knowledge about the Earth’s climate system 
for use in policy decisions. This has been achieved via 
the IPCC, the UNFCCC Conference of Parties and its 
Subsidiary Body on Scientific and Technological Advice. 
More than half of the scientific and technical contribu-
tions used in the IPCC assessments were provided by 
WCRP-affiliated scientists. 

The WCRP has made a concerted effort to provide 
worldwide access to its model predictions/projections 
and research results. With such access scientists from 
developing and least developed countries are able to assess 

CMIP5 Decadal Predictability/Prediction Experiments. Draft from 
WGCM meeting, September 2008

WCRP and the International Geosphere-Biosphere Programme combined their  

expertise to advance climate model development and, hence, prediction capabilities. 

By incorporating the more complex Earth system processes, models are also being 

tested for their response to different forcings. Within the WCRP, the Working Group on 

Coupled Modeling leads the development of coupled ocean-atmosphere-land models 

used for climate studies on decadal and longer timescales

Source: Taylor et al. (2008)
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decades; tailored forecasts for regions and localities; inte-
gration of atmospheric, oceanic, terrestrial and social data 
into a comprehensive Earth System prediction model; 
and decision-support interfaces that can be adjusted to 
provide user-specifi ed ‘if-then’ scenarios. The realization of 
a climate information system will require the coupling of 
models across the physical climate system, biogeochemical 
cycles and socioeconomic systems. Furthermore, it will 
require the synthesis of disparate datasets from in situ 
and space-based observations, new terrestrial and orbital 
sensor systems, dedicated high performance computer 
infrastructure and software. Ultimately such a system 
requires an unprecedented synergy between the climate 
research community, the operational delivery arm of 
climate services and the end users. 

Much akin to the situation 60 years ago with the advent 
of numerical weather prediction, we now fi nd ourselves 
in a new era of climate information and services. This era 
is underpinned by climate research aimed at improving, 
expanding, and refi ning our understanding and ability 
to predict the climate system on seasonal, decadal and 
longer timescales. Investing in such a system is the best 
way to insure that our generation, our children and those 
who follow them have the ability to manage the risks and 
realize the opportunities associated with climate variability 
and change.

the consequences of potential climate variability and change on major 
economic sectors – such as food, water, energy and health – for their 
country or geographic region. The WCRP’s accomplishments and 
progress were all made possible by the generous and sustained contri-
butions of its sponsors: WMO, ICSU and IOC, and their network of 
more than 190 Member countries. 

The research coordinated by the WCRP has established unequivo-
cally that the Earth System will experience real climate change over 
the next 50 years, exceeding the scope of natural climate variability. 
A question of paramount importance confronting nations is how to 
adapt to this certainty of climate variability and change in the next half 
century. In response, the upcoming World Climate Conference-3 will 
consider how comprehensive climate services can best inform decisions 
on adaptation. 

The delivery of climate observations, information and services 
involves the transition across basic research, applied research, opera-
tions, applications and engagement with the user community. Yet most 
of the effort to date has been focused on observing and understanding 
the climate system and not products and services. Furthermore, climate 
impacts assessment and provision of services involve sectors such as 
business, fi nance, agriculture, engineering, public health, public policy 
and national security. 

In order to satisfy the needs of society for climate services, a climate 
information system is required to aid decision makers in policy, infra-
structure development and investment decisions. Such a system would 
be based on: reliable climate predictions over timescales of seasons to 

The Climate Information System 

The vertical fl ows depict the basic activities starting from: the observations and their use and development into products; attribution and prediction; assessments; and 

interactions with stakeholders and users to accommodate their needs as best possible.  The WCRP is engaged in all but the delivery of climate services

The importance of high quality regional 
scientifi c information in coping 

with global climate change 
Ingeborg Auer, Reinhard Böhm and Wolfgang Schöner, Central Institute for Meteorology and Geodynamics, Austria
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ZAMG, the Austrian weather service, regards the produc-
tion, the quality control and the analysis of high-quality 
climate data as one of its core duties. This includes the 

maintenance of a meteorological network adequately vast to 
cover the complex terrain of the country. However, national 
borders do not usually correspond precisely with climate 
domains. In the late 1990s ZAMG began formal and informal 
cooperation with the national met-services and other data 
providers of the greater alpine region (GAR) to create and main-
tain the common climate database HISTALP.1 

The intention was to aim for the following principles:
• �Long-term – fully exploiting the potential of systematically 

measured data
• �Dense – network density adequate with respect to the spatial 

coherence of the given climate element
• Quality improved – outliers removed, gaps filled
• �Homogenized – earlier sections adjusted to the recent state of 

the measuring site
• Multiple – covering more than one climate element

• ��User friendly – well described and kept in different 
modes for different applications, in scientific research 
as well as for technical, educational applications and 
for providing quality information about climate vari-
ability and change for the general public.

So far HISTALP has concentrated on longer monthly 
series (some 30 of them starting in 1800 and earlier) 
allowing us to better solve the homogeneity problem 
– for which severe problems still exist with respect to 
daily or sub-daily series. However, the first steps towards 
the inclusion of daily series are underway. HISTALP 
data are kept in three modes: station-mode (original 
and homogenized for all seven climate elements); grid-
mode-1 (anomaly series of temperature, precipitation 
and air pressure at a grid size of 1 degree latitude-
longitude, respectively); and CRSM-mode (coarse 
resolution sub-regional means – anomaly series of all 
seven climate elements as spatial means of five principal 
sub-regions of the GAR, objectively detected via PCA). 

The GAR is climatologically characterized by a 
complex terrain of three different large scale climate 
regimes: Atlantic-maritime influences from the west 
versus continental climate from the east, as well as the 
Mediterranean climate with its annual cycle of subtropi-
cal highs further north in the summer and further south 
in the winter. These three horizontal regimes are over-
lain by the vertical gradients of all climate parameters. 
This makes the region interesting for scientific study; 
specifically the study of a situation where nature and 
human societies exist in a sensitive mountain region. 
The area serves as a great example of the potential 
practical applications that can be derived from regional 
climate change research. 

A few examples serve to illustrate some of the leading 
climate change and variability patterns, as well as demon-
strate their scientific and applicative relevance. Firstly, 
the GAR has warmed twice as much as the northern 
hemisphere land surface since the late 19th century.2 The 
main driving force behind this additional 1°C warming 
above the global background is a northward shift of the 
subtropical high pressure system. Put simply, this has 
produced more incoming radiation. This synoptic feature 
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The greater alpine region in south-central Europe

Showing its five principal horizontal and vertical coarse resolution sub-
regions and the network of HISTALP stations for long climate time series

Source: www.zamg.ac.at/histalp

http://www.zamg.ac.at/histalp
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of the annual amplitude during the past two and a half 
centuries. As the majority of natural proxies used for the 
estimation of indirect climate reconstruction provide more 
summer than winter information, such proxies tend to 
have a summer bias and should not be regarded as being 
representative for annual trends – at least in the Alps. A 
good example is the coincidence of mild winters and cool 
summers in the 1910s that produced remarkable glacier 
advances – advances that cannot be explained through the 
annual temperature means.

The high spatial homogeneity of temperature trends 
does not exist for precipitation. For the two principal 
sub-regions – northwest at the windward side of the 
Alps towards the prevailing western winds and southeast 
at the leeward side – we have observed opposite centen-
nial trends. The northwest has seen a long-term increase 
of approximately 10 per cent in the last 150 years, while 
the southeast has seen a 10 per cent decrease in the same 
period. Only the fi rst part of the 19th century saw a paral-
lel decreasing trend in both sub-regions. This dipole-like 
structure corresponds to the same pattern expected for 
the 21st century by most of the regional European climate 
model experiments. What we can learn from the past is 
that the gap between wetting and drying is most likely 
to sharply following the main crest of the Alps – with a 
smooth transition over hundreds of kilometres less likely.

The last example concerns different long-term trends 
in the third dimension, for which only a region like the 
Alps can provide the necessary information. Namely, a 
comparison of the annual mean air pressure evolution at 
both low elevation stations and high elevation observato-
ries. In the Alps a number of summit observatories have 
produced 100 to 150 years of air pressure series, opening 
up the unique possibility of applying the principle of 
‘relative topographies’ (calculating the virtual tempera-
ture of an air column from the ratio of the air pressure at 
its upper and lower boundaries). The high elevation air 
pressure curve has increased to a much greater degree 
than the low elevation sites’ equivalent (which has also 
increased). So, the principle mechanism is most accu-
rately explained by the measured air pressure series: the 
air columns between low- and high-elevation measur-
ing sites have warmed, expanded and thus transported 
more mass above the summit observatories, while the 
total mass above the low elevation sites has only changed 
due to large scale synoptic rearrangements. The prac-
tical importance of such independently measured ‘non 
thermometric temperature series’ is high. If they show 
the same warming as those measured directly using 
thermometers, then this overrules once and for all the 
argument that global warming is merely the product of 
increasing heat islands in developing cities. This idea 
has been described already in Auer et al.3 and we are 
currently working on an in-depth analysis of the concept. 
Initial internal results show the feasibility of such an 
analysis, but only under the condition of a carefully 
homogenized series that allows the isolation of a climatic 
signal of approximately 1 hectopascal/century from the 
non-climatic noise of the original series. 

is clear because of the high elevation sunshine, which is neither infl u-
enced by low stratiform clouds nor by anthropogenic changes of 
atmospheric turbidity (global dimming versus global brightening). As 
a rule of thumb, we can state that the region has warmed by another 
1°C beyond the given 1°C stemming from the global background. 

Of course this covers only annual series averaged over the entire 
GAR. For temperature this makes sense, as the average overall single 
HISTALP series is highly representative for each of the sub-regions 
concerning the decadal to centennial evolutions: they have warmed 
at the same rate in Marseille, Karlsruhe, Budapest and Perugia, as well 
as for the mountain observatories at altitudes between 2,500 (Säntis) 
and 3,500 metres above sea level (Jungfraujoch). So the mountains of 
the Alps may be more sensitive in respect to some climate impacts, 
but they are not in terms of their reaction to climate forcing.

This similarity of temperature trends with respect to different 
sub regions is not applicable with regards to different seasons. In 
general, 19th century winters were colder in comparison to summers 
of the early instrumental period. This results in a general decrease 

Regional annual mean time series of three closely linked climate 
elements in the GAR

Blue shows a low elevation mean temperature, while red indicates high 

elevation mean sunshine. Black shows low elevation mean air pressure and is 

the only smoothed curve

Source: www.zamg.ac.at/histalp

GAR mean temperature between 1760 and 2007

Low elevation mean temperature series for the summer- and winter-half years 

between 1760 and 2007

Source: www.zamg.ac.at/histalp

http://www.zamg.ac.at/histalp
http://www.zamg.ac.at/histalp
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This last example in particular is intended to illustrate 
that high quality climate data is an indispensable precondi-
tion not only for sophisticated scientific research, but also 
for practical interdisciplinary application, as well as for 
political discussion in the general public. 

Reaction of glaciers to climate change in the 
Austrian Alps
Glaciers are among the natural phenomena on Earth 
with the highest sensitivity to the climate. Thus a 
small change signal in the climate – especially in 
global radiation, air temperature or precipitation – 
can result in a distinct change of glacier mass and 
even, after a time delay, an advance or retreat of the 
glacier front. This high sensitivity makes glaciers espe-
cially valuable when:
• Documenting climate impact and climate change
• �Deriving climate proxy information from  

observations of glacier changes. 

Additionally, ice cores from glaciers and ice sheets are 
among the most important climate proxy sources. 

Beside Scandinavia the European Alps are among 
those regions worldwide with the longest series of 
documented glacier changes. In particular, documents 
of glacier changes include paintings and photographs, 
front position measurements, volume changes (from 
interpretation of maps, aerial photographs and satel-
lite data) and measurements of mass balance and 
glacier surface flow. Outside of these observations 
the mass balance of a glacier is the key measure, as it 
constitutes a direct and timely signal of climate pertur-
bation. Observations of mass balance date back only 
to about the 1950s in the Alps and about the 1940s in 
Scandinavia. Contrary to mass balance observations, 
systematic front position measurements of Alpine 
glaciers go back as far as the late 19th century, but 
are limited by aggregated information including both 
climate and glacier dynamics. The advent of regular 
front position observation prompted an international 
glacier monitoring effort, which is today coordinated 
by the World Glacier Monitoring Service.4

Sub-regional annual precipitation

Two sub-regional annual precipitation series for the northwestern and 

southeastern CRSs of the GAR

Source: www.zamg.ac.at/histalp

Sub-regional annual air pressure

Two sub-regional annual air pressure series for the mean low elevation series 

below 600 metres at sea level and for the high elevation summit sites above 

2,000 metres at sea level

Source: www.zamg.ac.at/histalp

The retreat of the Wurtenkees glacier 

The retreat of the Wurtenkees glacier (eastern Austrian Alps) evident in photographs taken in 1896 and 1999

Image: A.E. Forster (left); R. Böhm (right)

http://www.zamg.ac.at/histalp
http://www.zamg.ac.at/histalp
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ZAMG runs a detailed glacio-hydrological monitoring programme in 
the Sonnblick region of the eastern Austrian Alps covering three smaller 
glaciers (about 1 square kilometre) and the largest glacier in Austria; 
Pasterze. Since the end of the 19th century all the glaciers investigated 
have shown a general retreating trend, and in particular a clear retreat 
since the beginning of the 1980s, which is a common signal of Alpine 
glaciers. The retreating trend observable since the end of the 19th 
century is clearly visible in photographs of glacier Wurtenkees taken in 
1896 and 1999. The Sonnblick region is characterized by strong climate 

gradients; from a high precipitation region north of the 
Alpine main divide to an inner-alpine dry valley south of 
it. The monitoring in this area includes measurements 
of glacier mass balance (for both winter and annual net 
balance), surface flow, glacial discharge and ionic compo-
sition of snow cover. The monitoring is part of a research 
programme by the nearby Sonnblick Observatory, which 
covers a wide range of atmospheric chemistry as well as 
physics, mountain meteorology and permafrost research.  

The spatial patterns of climate are well reflected in the 
mass balance of the glaciers, with much higher winter 
accumulation at the glacier north of the Alpine main 
divide compared to the glaciers south of it. The north-
south pattern is also visible in the annual net balance of 
glaciers Wurtenkees and Goldbergkees with more negative 

Net balance relationships

Relationship between annual net balance (b) and winter net balance (bw, left) and summer net balance (bs, right) for Wurtenkees (WUK) and Goldbergkees 

(GOK) from observations since 1983

Source: www.zamg.ac.at/forschung/klimatologie/glaziologie

Accumulated specific mass balances for the 
Wurtenkees and Goldbergkees glaciers

Observations since 1983 show that, on average, Wurtenkees loses one metre 

per year

Source: www.zamg.ac.at/forschung/klimatologie/glaziologie

Science walk to Sonnblick Observatory in July 2006. A national park 

ranger explains the first information board of the glacier trail
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artificial snow can compensate somewhat during warm 
and snowless winters. 

An opinion poll carried out in these two villages showed 
that about 70 per cent of adult inhabitants feel well 
informed about climate change. However, special ques-
tionnaires distributed in regional schools indicated that 
the sample of 14 to 15 years old adolescents were unsatis-
fied with their information level on climate change. 

Simplified but nevertheless correct information and 
cooperation was at the centre of the concept from the start. 
Start-up meetings were held in each of the municipalities 
and partner schools. Those meetings, held in January 
2006, offered lectures presented in an understandable 
scientific language, keeping in mind scientific correctness 
and sufficient time for personal thoughts, discussions and 
questions. In July 2006 three science days were organ-
ized in the project region. Public scientific lectures and 
informative posters were combined with talks from local 
authorities and supplemented by a ‘scientific walk’ to the 
high mountain Sonnblick Observatory (3106 metres). 
This involves a walk through climate sensitive vegetation 
zones near the glacier region up to the high alpine area. 
Scientific knowledge of climatology, glaciology, tree-ring 
research, biology, history and sociology were merged with 
local expertise to produce the experience. 

Since glaciers constitute highly visible evidence of 
climate warming a glacier trail has been constructed in 
cooperation with the alpine club Naturfreunde. This 
Gletscherlehrpfad Goldbergkees guides participants 
through the history of climate and glaciers. Thirteen 
information boards have been installed to form a trail, 
which runs between 2,190 and 2,395 metres above sea 
level, to document long-term glacier retreat and its rela-
tionship to climate. 

Special partnerships have been established between 
the project team and schools to promote the idea of 
‘cognition = research + education’.8 Climate change 
topics have been integrated with the curriculums of 
more than one field of study including: physics and 
chemistry, geography and economy, history, biology, 
language courses and even music. Besides dealing with 
ecological and economical questions students gained 
insight into the work and methods of scientists. A 
follow-up effect is also expected with the transfer of 
this newly acquired climate change awareness from the 
school children to their families. 

Another good example how to raise awareness on 
climate change in school pupils is demonstrated by 
the efforts of the children of Hauptschule Rauris. On 
the occasion of the annual Rauriser Literaturtage they 
presented their thoughts and attitudes on climate 
change in the form of songs, stories and poems. 

During the running time of the A Tale of Two Valleys 
study local scenarios were developed and presented 
to the citizens of Rauris and Flattach. The majority of 
residents favoured a scenario based on sustainability. 
However, on the other hand, the majority of residents 
did not believe that the sustainability scenario was the 
one likely to be selected.

mass loss for Wurtenkees. On average Wurtenkees loses about 1 metre 
(mean over total glacier size) of ice per year under the present climate. 
As maximum ice thickness for this glacier is less than 80 metres, the 
vanishing of most of the glacier area is to be expected within a few 
decades. 

Several studies5 were carried out to understand the climate-
glacier mass balance relationship for the glaciers of the Alps and 
the Sonnblick region in particular. It was shown that only the 
summer season (melting of snow and ice) and not the winter season 
(accumulation of snow) estimates affects annual net balance. Such 
studies have shown that only summer balance is highly correlated to 
annual net balance and that variability of summer balance is much 
higher compared to winter balance. However, it has to be taken into 
account that this result is derived from observations going back only 
as far as 1983 (a period with strong glacier retreat) and that in earlier 
periods this relationship may well have been different. 

An important discussion in Alpine glaciology refers to the question 
of the contribution of such glaciers to river flow. This was studied in 
the small catchment area of Goldbergkees (close to Sonnblick),6 as 
well as in the much larger catchment area of Upper Pinzgau (river 
Salzach). Upper Pinzgau covers about 600 square kilometres, of 
which 5 per cent is glacierized. Detailed modelling approaches7 show 
that for a year with average climate conditions the contribution of 
glaciers to the river flow of the main rivers of the Alps is negligible. 
However, under climate conditions measured in 2003 the contribu-
tion of glaciers to the river flow of larger rivers was significant and 
ranged up to 70 per cent in August 2003 for the Salzach in Upper 
Pinzgau. Because 2003 can be used as a realistic scenario for future 
climate states (up to around 2100) the importance of the glaciers to 
river flow can be easily estimated. If glaciers vanish in the future we 
can expect a significant deficit for the large rivers of the Alps, as well 
as a net loss of discharge for smaller rivers. 

Local climate information for two central Alpine valleys in an 
inter- and trans-disciplinary dialogue
Events such as the latest International Scientific Congress on 
Climate Change in Copenhagen have roused public knowledge 
of climate change to some extent. However, do people really feel 
sufficiently informed and what are their opinions and attitudes on 
climate change? A Tale of two Valleys – the contrary strategies in two 
neighboring Alpine valleys to deal with climate variability and climate 
change, an Austrian interdisciplinary research project on regional 
climate change (www.zamg.ac.at/a-tale-of-two-valleys) combined 
the local knowledge of people in region and scientists to create an 
overall picture of the perception of climate change. Schools and 
selected stakeholders have also formed part of the project team to 
cover the aspects of long-term climate variability, natural dangers 
and risks, landscape and land-use, tourism, employment and 
income, demography, mobility, education and gender. 

Two small municipalities confronted with regional climate change 
impacts decided to develop local scenarios in response. Income 
for both municipalities is largely dependent on winter tourism. 
However, the dominant touristic concepts are somewhat contradic-
tory. The first concept is a glacier ski resort called Mölltaler Gletscher 
in Flattach (1,373 inhabitants and an employment rate of 47 per 
cent). This clashes with the other idea of a national park concept and 
a fairly small ‘family and 50+ skiing region’ in Rauris (3,107 inhab-
itants and an employment rate of 45 per cent). Touristic income 
and employment bears a close relation to snow availability, although 

http://www.zamg.ac.at/a-tale-of-two-valleys
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In its fourth assessment the Intergovernmental Panel on 
Climate Change concluded that: “warming of the climate 
system is unequivocal” and that: “most of the observed 

increase in global average temperature since the mid-20th 
century is very likely human-induced.” Evidence also suggests 
that widespread changes in the temperature and other aspects 
of the climate system are now affecting many physical and 
biological systems on all continents. It is thus increasingly 
evident that action is required to limit the extent and impacts 
of human-induced climate change by reducing greenhouse gas 
emissions. However, even very aggressive mitigation actions 
will not entirely stop climate change in the coming decades, 
thus adaptation to a changing climate will be necessary.1

Informed decisions for adaptation require reliable infor-
mation and knowledge about both past and future 
climate conditions. Unfortunately, climate science is 
not yet able to provide all of the information needed for 
adaptation.2 There is, however, considerable certainty 
that human activities have changed the global climate, 
and that climate change will continue. On the other 
hand, impacts resulting from climate typically occur 
on regional or local scales and very often result from 
extremes in weather and climate. It remains necessary 
to quantify the role of human infl uence on the climate 
system on smaller regional and local scales and on aspects 
of the climate system not directly related to warming. 

Observing, Predicting and PrOjecting climate cOnditiOns 

Climate workshops

The locations and dates of Asia-Pacifi c Network for Global Change Research (red), ETCCDI (blue), and ETCCDI assisted (green) workshops between 1998 and 2009

Source: Based on Table 1 of Peterson and Manton (2008; updated)
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so knowledge of R is not necessarily required. A basic 
data quality control procedure that checks for outliers 
(unusual values that might be the result of, for example, 
a data transcription error) and does a basic homogene-
ity assessment is also built into the software. Though 
the indices have simple definitions, their calculation is 
not necessarily simple, particularly if one wants to avoid 
inducing artificial inhomogeneities (jumps) in the index 
time series8 or bias in percentile-based indices due to 
a lack of precision in observational data.9 Innovative 
approaches have been implemented in RClimDex to 
ensure the indices it calculates are homogeneous. 

Furthermore, to ensure that the index time series are 
homogeneous, the climatic time series from which they 
are calculated should also be homogeneous. However, 
climatic time series may contain spurious (nonclimatic) 
jumps and/or gradual shifts due to changes in station 
location, environment exposure, or instrumentation 
and observing practices.10 Such inhomogeneities would 
hinder the identification and assessment of change 
in climate, and thus Environment Canada has also 
developed and made available a free R-based data 
homogenization package called RHtest.11 A detailed user 
manual for RHtest is provided in both the English and 
French languages and is continually updated to reflect 
results from new research. For example, the most recent 
version of RHtest is able to automatically detect single 
or multiple change-points in climate time series consist-
ently throughout the length of the series. Both software 
tools will allow all interested parties to benefit from 
improved monitoring of climate change with broader 
spatial coverage than was previously available, thus 
directly contributing to the goals of the Nairobi Work 
Programme.12 

The ETCCDI workshops
To promote the analysis of extreme events around the 
world and help build capacity in the less developed 
world, ETCCDI has also organized several regional 
workshops. These workshops, which followed the 
model pioneered in December 1998 at an Asia-Pacific 
Network for Global Change Research (APN) meeting in 
Melbourne, have proven to be very successful. The core 
component of each workshop is the hands-on analysis of 
national observational data with daily resolution, which 
have often never been analysed prior to the workshop. 
RClimDex and RHtest are used to perform the analysis. 
An ETCCDI workshop usually involves participants 
from neighbouring countries and several well-qualified 
experts from around the world to provide guidance on 
the analysis of climate data. In some cases, computers 
for the participants have been provided by sponsoring 
agencies for the workshops. 

A workshop typically starts with each participant 
presenting information on the climate of their country, 
as well as their daily precipitation and temperature 
data. The participants then learn data quality control 
and homogenization procedures, and conduct the 
computation and trend analysis of climate indices. At 

This has proven to be a difficult task. Detection becomes increasingly 
difficult at smaller regional and local spatial scales and for extreme 
events, because the signal to noise ratio is reduced in both of these 
circumstances.3 This feature is not attributed to a weaker signal at 
the local scale compared to the global scale, rather it is due to the fact 
that influences of natural variability on all aspects of the climate are 
larger on local scales. In addition, it remains a challenge to document 
past climate change for some places of the world due to the limited 
availability of assessable data or resources. Understanding the past 
and current climate at small spatial scales will not only provide a 
baseline for the future, but also a means to validate and constrain 
future projections. It is, therefore, a necessity for the development of 
sound adaptation strategies. 

The ETCCDI indices 
Long-term, high quality and reliable climate records with a daily (or 
higher) time resolution are required for assessing changes in extremes. 
However, the compilation, provision, and update of a globally 
complete and readily available full resolution daily dataset are very 
difficult tasks. This comes about, in part, because of the traditional 
focus of climatologists on monthly data and the inability of some 
countries to exchange long-term daily climate records. Nevertheless, 
adequate adaptation requires the development of quality, daily 
climate records and the ability to use those records to track changes 
in the climate and its extremes. The joint Expert Team on Climate 
Change Detection and Indices (ETCCDI) and its predecessors have 
coordinated the development and application of a suite of indices for 
monitoring climate change from daily data.4 The use of agreed indices 
allows comparison of analyses conducted in any part of the world.5

The indices focus primarily, but not solely, on extremes. The 
extreme indices describe different aspects of temperature and precipi-
tation including frequency, intensity and duration. There are three 
different types of indices. One type involves counting the number 
of days in a season or a year that exceed specific thresholds at which 
impacts of weather may occur – such as daily temperature below 0°C 
or daily precipitation amounting to greater than 20 millimetres. The 
number of such events may not be evenly distributed across a large 
region. The specific thresholds may, or may not, represent extreme 
events in a given region under current climate conditions, and it is 
possible such events may not occur at all in some regions. Impacts 
also vary across regions. To overcome such shortcomings, a second 
type of ETCCDI index uses thresholds based on percentiles to assess 
moderate extremes that typically occur a few times every year – such 
as daily temperature greater than its 90th percentile. The third type 
of index is of more relevance to the derivation of design values in 
applications that involve values of absolute extremes. These indices 
include, as examples, the annual maximum daily temperature and 
highest five day precipitation amount in a year. The indices are widely 
used for monitoring changes in extremes,6 climate model evaluation7 
and the assessment of future climate. 

The software
To facilitate the calculation of the indices, Environment Canada, 
under the auspices of WMO and ETCCDI in particular, has devel-
oped a standard software package RClimDex. This software uses the 
open source statistical programming language R (www.r-project.org), 
which runs on a variety of computer platforms. It is freely available 
from http://cccma.seos.uvic.ca/etccdi and comes with a tutorial (in 
both English and Spanish). A graphical user interface is provided, 

http://www.r-project.org/
http://cccma.seos.uvic.ca/etccdi
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the end, the participants give a brief presentation on their national 
results, and an expert collates the results and gives an overview of 
the trends and variability in extremes across the whole region. The 
benefits of working across national borders are numerous: confi-
dence in local analyses is increased by placing them in a larger, 
regional context that includes results from neighbouring stations 
and countries; regional research synergies are also enhanced by 
sharing insights and improve analyses between neighbouring coun-
tries. A post-workshop follow-up process produces a peer-reviewed 
journal article on analysis of climate change for the given region, 
and makes available the indices data in the analysis. The workshops 
therefore enhance the capacity of countries to extract important 
climate change information from their long-term daily data, and 
foster regional collaboration in climate analyses. 

Between 1998 and 2004, APN sponsored a total of five work-
shops in Melbourne to promote this activity in Southeast Asia 
and the South Pacific. At the same time, ETCCDI coordinated 
workshops in the Caribbean and Africa. Owing to a number of 
difficulties, only parts of the results were available in time to 
contribute to the global extreme analysis prepared for the IPCC 
Third Assessment Report. A second series of ETCCDI workshops 
provided much improved input to the IPCC Fourth Assessment 
Report (AR4). Since the release of AR4, new workshops have 
also been conduced and planned.13 ETCCDI indices have been 
released and are available at http://cccma.seos.uvic.ca/etccdi; they 

have already been of great use to scientists working on 
adaptation and climate model validation. The National 
Oceanic and Atmospheric Administration’s National 
Climate Data Center and the Climate Research 
Division of Environment Canada are jointly develop-
ing a variant of the ETCCDI index set as a basis for the 
North American Climate Extreme Monitor.

Effective adaptation to the changing climate requires 
not only more and better information about future 
changes in climate from improved climate models, but 
also better information about past climate change and 
current climate. To address this need, ETCCDI has coor-
dinated the formulation of a suite of climate indices that 
describe different aspects of moderate temperature and 
precipitation extremes including frequency, intensity and 
duration. Environment Canada has also developed open 
source software for the calculation indices and for climate 
data homogenization, and has made this software freely 
available. These tools – together with a series of ETCCDI 
coordinated regional capacity building workshops14 

– have played and will continue to play an important 
role in monitoring changes in extremes, climate model 
evaluation and assessment of future climate. These proc-
esses, in turn, provide the vital climate information that 
is required for climate change adaptation. 

Participants from nine countries improving their capacity to process climate change data and interpret the results at the ETCCDI workshop for Central Africa, which 

was held from 23-27 April 2007, in Brazzaville, Congo
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The climate is closely linked to everyday life, with its 
impact felt in all pockets of society. However, in the 
past, due to the uncertainties of climate science infor-

mation and its lack of user-friendliness, it was rarely utilized 
by the general public and decision makers despite its impor-
tance. To improve the application of climate information and 
the satisfaction of end-users, it is necessary to reduce uncer-
tainties and to tailor information to users. 

Since its establishment in 2000 as part of the National Institute 
of Meteorological Research and the Korea Meteorological 
Administration (KMA), the Climate Research Laboratory (CRL) 
has been contributing to the scientific understanding of climate 
variability and climate change information. The main interests of 
the CRL lie in global and regional climate change, climate model 
development, seasonal-to-interannual prediction, understanding 
the physical and internal processes of the climate system, tailor-
ing climate information to a variety of end-users, and promoting 
interdisciplinary climate change science networks at national and 
international levels. Climate change research includes analysis of 
the observed data, detection of climate change signals, develop-
ment of models, and generation of global and regional climate 
change scenarios.

Analysing the observed climate data is essential for better 
understanding trends in unfolding climate change. The CRL 

has been analysing climate change trends in Korea 
using meteorological observation data going back to 
1904 – all compiled in digital format by the KMA. 
An analysis of data observed for the Korean penin-
sula 1912-2008 shows an annual mean temperature 
increase of 1.7oC and annual mean precipitation 
increase of 19 per cent. Compared with climate in the 
earlier half of the 20th century, the latter half exhib-
its warmer and wetter characteristics, an increased 
frequency of extreme rainfall, a higher hot climate 
index and a lower cold climate index. Observed 
trends show the duration of summer lengthened and 
the duration of winter shortened, with an earlier 
spring flowering date. Habitat shift of plants and 
animals to higher elevations and latitudes is also 
observed. These changes suggest characteristics of a 
warmer climate in Korea. 

Generating climate change forecast scenarios 
is crucial in projecting the earth’s future climate. 
The CRL, in collaboration with Germany’s Max 
Planck Institute for Meteorology (MPIM), contrib-
uted to Climate Change 2007 – the Fourth 
Assessment Report (AR4) of the United Nations 
Intergovernmental Panel on Climate Change (IPCC) 
– by generating scenarios using the ECHO-G climate 

Observing, Predicting and Projecting Climate Conditions 

Decadal mean trends in temperature and precipitation over the Korean Peninsula based on six sets of long-term observation data

Source: National Institute of Meteorological Research (NIMR) in KMA
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an increased risk of extreme rainfall events in the 
summer. The daily maximum temperature in the 
summer and daily minimum temperature in the 
winter is projected to increase by 3.8oC and 5.3oC 
respectively. While results from dynamic downs-
caling are more skillful and sophisticated than ever 
before, a key caveat is that there exists significant 
uncertainty for regional climate scenarios. To reduce 
the uncertainty, further research is needed. 

The CRL provides regular 3-month forecast data 
to KMA and the APEC Climate Center using the 
Global Data Assimilation and Prediction System – 
an AGCM developed by KMA. Recently, through 
the Joint Program for Unified Model Collaboration 
with the UK Hadley Centre, the CRL is planning to 
provide 3-month ensemble forecast with the UK Met 
Office. As a result of the collaboration, development 
and production of 12-month forecast data by 2012 is 
also in the works.

The CRL earth system model project was launched 
in 2008 in order to better understand and predict 
climate change and variability by improving the 
current global model. The project, in its initial stage, 
has completed construction of a coupled atmosphere-
ocean-sea ice model, using the OASIS coupler, UM, 
and MOM4. Future plans include the development of 
an integrated earth system framework – combining a 
terrestrial module, an aerosol module, and a carbon 
cycle and sulfate module – by 2012.

The understanding of climate science and the 
quality of climate information has seen dramatic 
progress of late. With information on climate change 
gaining more exposure, society has come to realize its 
potential importance. By tailoring available climate 
information to the general public, end-users with 
specific needs, and various sectors of society, the CRL 
is improving the societal usefulness of climate infor-
mation. The CRL provides a wide range of climate 
change and forecast information, as well as infor-
mation about climate science, to the Korean public 
through the Korean Climate Change Information 
Center.1 The CRL has also provided climate change 
scenarios and information to Korean government 
organizations for their assessment reports, including 
the Mitigation and Adaptation Plan from the Ministry 
of Environment and Impact Assessment of the Impact 
of Climate Change on the Agricultural Sector, by the 
Korea Rural Economic Institute. 

The CRL has been active in outreach programmes to 
raise the awareness of the Korean public. Although the 
mission of the CRL is to further the scientific under-
standing of the climate system, it also understands the 
social responsibilities and roles of scientists in inform-
ing the public and decision makers about climate 
change. In addition to publishing articles in peer-
reviewed academic journals, the CRL also works with 
various media outlets including magazines, newspapers, 
television and radio, providing climate change science 
and information. The CRL also offers presentations 

model developed by MPIM. Time-slice experiments using a high-
resolution Atmospheric Global Climate Model (AGCM) suggest 
that weakening of the North Pacific jet stream will occur by the 
late 21st century due to global warming. The change in the jet 
stream appears to be due to the decrease in latitude tempera-
ture over the Asian continent, as well as eddy activity. The same 
experiment found that while the frequency of tropical cyclones 
over the northwest Pacific Ocean decreases, the intensity of tropi-
cal cyclones is likely to increase.

To project regional climate change over Korea, scenarios 
were generated by the CRL through dynamic downscaling using 
SRES A1B and the MM5 regional models. Downscaled data was 
obtained by simulating years 1971-2100 with a spatial reso-
lution of 27 kilometres. The findings show that by the end of 
the 21st century, the mean surface temperature over Korea is 
projected to increase by 3.8oC, and as much as 4.5oC at 400hPa. 
Hot days and cold days exceeding the 95th percentile of climatic 
average will increase fivefold and decrease 99 per cent respec-
tively. Precipitation is projected to increase 17 per cent, with 

Climate projection using the ECHO-G model based on 
the IPCC SRES A1B Scenario

Source: National Institute of Meteorological Research (NIMR) in KMA

International Conference on Climate Change Science and Impacts

19-22 November 2008, International Convention Center, Jeju, Korea
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and seminars for professionals, students and the general public in 
order to disseminate information. Recently, the CRL published and 
distributed a three-volume series entitled Understanding Climate 
Change, which includes the main findings from the IPCC AR4 as 
well as climate change in Korea, making information easily acces-
sible to the general public and decision makers.2

Cooperation and collaboration is crucial for progress in climate 
science research. As such, the CRL has been collaborating with the 
UK Hadley Centre, the Japan Meteorological Research Institute, 
the Canadian Climate Research Division, MPIM and the Voeikov 
Main Geophysical Observatory on climate prediction and climate 
change research. At the 6th Asia-Pacific Network for Global Change 
Research Workshop, the CRL and scientists from the Asia-Pacific 
region collaborated to investigate extreme climate events in the Asia-
Pacific region. The CRL also hosted the International Conference on 
Climate Change and Impacts inviting climate science experts in the 
Asia-Pacific region to share research information.

 In Korea, the CRL has been hosting an annual climate change 
conference since 2003, helping both climate change scientists and 
mitigation and adaptation experts to network and share informa-
tion. As a result of the effort, the Korean Society for Climate Change 
Research, an academic society consisting of members from various 
higher education institutions, was launched in February 2009.

Improving climate information is critical to better understand 
climate variability and change, improve existing climate models, 
and reduce the uncertainty of climate prediction. However, no 
information is useful if it fails to consider the needs of the end-user 
and tailor results accordingly. The importance of this information 
can no longer be ignored, as climate has shaped the evolution 
of the world and human society since the dawn of time. Human 
history faces a climate change that can potentially threaten the 

survival of the species. While we cannot predict the 
future in its entirety, better climate information will 
enable us to more accurately anticipate the future, 
reduce damage and casualties from future disasters, 
and enable sustainable development in a changing 
world – providing us all with a better future. 

Source: National Institute of Meteorological Research (NIMR) in KMA

Understanding Climate Change I, II, and III 

Source: National Institute of Meteorological Research (NIMR) in KMA

CRL published and distributed a three-volume series 

Understanding Climate Change, making information easily 

accessible to the general public and decision makers

Differences in temperature, precipitation, and relative humidity between 1971-2000 and 2071-2100 based on the IPCC SRES A1B scenario
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Climate watch – purpose and requirements  
Omar Baddour, World Meteorological Organization, Chief Data Management Applications Division;  

and Pierre Bessemoulin, Météo France, President, World Meteorological Organization Commission for Climatology

Natural climate variability operates on multiple 
scales at all times and can affect global and regional 
atmospheric and oceanic circulations. Many of these 

variations are recurrent and are usually recognized as well 
known climatic patterns – warming/cooling of Sea Surface 
Temperatures in the tropical oceans such as the El Niño 
Southern Oscillation (ENSO), the North Atlantic Oscillation 
(NAO), the Madden-Julian oscillation and the strengthening/
weakening of the upper level jets – and are often characterized 
in terms of climate indices (for example, ENSO or NAO index). 
They correlate significantly with departures from the mean 
state of climate parameters at monthly, seasonal and interan-
nual timescales, as well as with the possible onset at some 

regional levels of extreme climate and weather 
events leading to direct and indirect impacts on 
lives, goods, properties and the well-being of soci-
eties. Droughts, heat waves, cold waves, flooding, 
extreme wind storms, landslides, bush and forest 
fires, and coastal erosions are just a few of the 
impacts that can be triggered by one or several of 
such anomalies. In the context of global warming 
these extremes are expected to become more 
frequent, more severe and of a greater geographi-
cal extent than previously recorded.1 Some of the 
observed increases in climate extremes already fit 
in with such projections. 

Observing, Predicting and Projecting Climate Conditions 

Climate watches help people and the authorities to prepare for extreme weather conditions and mitigate the damage caused
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need to be set up together to analyse climate hazards 
and related impacts. The use of a geographic infor-
mation system helps to integrate both databases in 
an efficient manner, as well as allowing customized 
criteria for climate watches. Climate monitoring has 
been strengthened by using space-based observations, 
which provide useful environmental information 
needed to assess the intensity, evolution and extent of 
climate related hazards. 

Most NMHSs currently issue warnings (typically 
for two days in advance) based on weather predic-
tions of the occurrence of severe weather conditions 
including: tropical cyclones; heavy rain with risk of 
flooding; severe thunderstorms with risk of tornadoes 
or hail; gale-force winds; heat waves and cold spells; 
snow; ice; severe coastal tides; storm surges; landslides; 
avalanches; forest fires; fog and sandstorms. A good 
example of this type of set-up is the European Meteo 
Alarm system (www.meteoalarm.eu). Additional infor-
mation on the severity/intensity of the risk, its expected 
time period and possible impact, as well as some advice 
on how best to behave under the circumstances are 
usually also provided. The use of longer lead-time fore-
casts (seven to ten days) issued from medium-range 
forecast centres is also extremely useful for issuing 
pre-warnings. 

Such systems also use long-range forecasting prod-
ucts (from one month to two years) that are provided 
by Global Producing Centres and Regional Climate 

For more than a decade setting up an efficient early warning system 
for climate anomalies and related extremes has been a major 
focus of the World Meteorological Organization (WMO) and the 
National Meteorological and Hydrological Services (NMHSs), with 
the aim of improving climate risk management capabilities among 
nations. Such climate warning systems – for example, climate watch 
systems – are designed to provide advisories (climate watches) to 
inform the users, particularly those involved in natural hazard 
preparedness, mitigation and response on ongoing, pending and/
or expected climate anomalies and their negative impacts. As such, 
NMHSs should be adequately equipped and prepared to continu-
ously monitor and assess the state of the climate, evaluate available 
long range forecasts, and when possible, provide users with concise 
and understandable early warning climate information on a weekly, 
ten-day, monthly and seasonal timescale.

System components and requirements
The availability of quasi-real-time and historical climate obser-
vations is necessary for the efficient monitoring and forecasting 
of extreme climate events. Monitoring climate extremes usually 
requires high-quality and high-resolution data. Therefore a good 
quality observation network able to capture the space and time 
features of climate events is necessary. At national level such 
networks should be manageable in an integrated way, incor-
porating a central, real time data collection system and robust 
climate data management facilities. This infrastructure should 
enable the quick access and retrieval of current and historical 
data along with adequate applications to perform climate analysis 
to the required accuracy. Climate databases and users databases 

Sector

Health

Agriculture

Transport 

Water resources 

Energy 

	

Climate extremes  

Heat/cold wave

Flood, landslide, windstorm

Drought

Temperature and excess of rainfall

Flood, heavy rainfall, hailstorm

Drought

Flood, heavy precipitation

Heat wave

Drought

Heavy rainfall

Dry spell

Heat/cold wave

Precipitation deficiency

Impacts	

Cardiovascular, respiratory and heat stroke mortality

Deaths and injuries, infectious diseases and mental disorders

Starvation, malnutrition and diarrhoea and respiratory diseases; strain 
on health due to poorer drinking water quality and availability

Mosquito, tick-borne diseases; rodent-borne, water-borne and food-
borne diseases

Effects on early seeding, damage to crops and submergence, inefficiency 
of applied fertilizers; food and shelter for livestock; diseases such as 
cholera, worm infestation

Early establishment in high lands, low plant stand, damage to crops; 
outbreak of diseases such as black quarter, anthrax in cattle

Flooding of roadways, rail lines, subterranean tunnels and runways, road 
washout, damage to rail-bed support structures, damage to pipelines

Compromised pavement integrity, deformation of rail lines, thermal 
expansion of bridge joints, heat buckling of runways

Increased susceptibility to wildfires

Decreased visibility at airports located in drought-prone areas

Increased river discharge, inundation, dam management

Lower water quality, reduction of water resources, effect on reservoir 
management and fresh water distribution in urban areas

Increase of energy heating or cooling demand, reduced energy supply, 
affects gas and fuel pipelines 

Reduction of hydropower energy production 

 

Example of sector applications

http://www.meteoalarm.eu/
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Centres. In addition, consensus forecasts provided by 
Regional Climate Outlook Forums (RCOFs) should be 
considered whenever they are available.2 Adaptation 
and downscaling of these products to a scale pertinent 
to the geographical scope covered by climate watches 
is also required and should be based on scientifi-
cally sound techniques and methods. These products 
are generally based on the probability of averages of 
selected parameters (from weekly for monthly fore-
casts to thrice-monthly for seasonal forecasts) and 
whether these averages are below, close to, or above 
the local climatological references (normals).

The output of a climate watch system3 includes: 
initial reports outlining the ongoing and/or expected 
climate anomaly; updated statements at user-agreed 
time intervals informing on the progress of the 
anomaly; and final statements stating the expiration 
of the warning. The content, format and dissemina-
tion plan of climate watches should consider specific 
purposes and geographical scope, as required by 
the target users. It is also important that the system 
includes a performance verification procedure, which 
should be carried out systematically as an integral part 
of the system operation. Users should be informed of 
verification results on a regular basis. This builds trust 
between the issuing organization and the users, as well 
as constituting an assessment of the effectiveness of 
the user-agreed criteria. Long-term, the verification 
system provides a knowledge asset that can be used 
for performance improvement.

System requirements
The issuing organizations (NMHSs) need to meet a 
minimum set of requirements for operating a climate 
watch. They should be able to provide the following 
climate functions on an operational basis: 
• �Timely observations of current climate conditions 

for their area of responsibility, as well as adequate 
historical climate data

• �Timely monitoring and analyses of current climate 
anomalies

• �Access to current global climate forecasts and the 
technical capabilities to interpret and downscale 
them to their region
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Example of a climate watch 

Initial climate watch
Bureau of Meteorology National Climate Centre 

CLIMATE WATCH FOR RAINFALL DEFICIENCY 
Climate Watch valid for South Australia and western Victoria. 
Issued on 3rd July 2008 – Valid until 4th August 2008 

Areas of serious to severe rainfall deficiencies across South Australia and 
western Victoria are likely to persist during the coming season. Most of SA and 
western Victoria have recorded rainfall totals in the lowest decile range for the 
thirteen-month period from 1st June 2007 to 30th June 2008. The outlook 
for the next three months, July to September, derived from the Bureau of 
Meteorology’s statistical forecast model, shows that the chance of exceeding 
the median rainfall is only between 30 and 40% for these areas affected by 
rainfall deficits. Outlook confidence for this forecast is moderate over northern 
and central SA, with a skill level of around 60%. The confidence level for 
western Victoria low, although in several areas the July to September rainfall 
total would need to be decile 8 or higher for the deficits to be removed.

These figures meet or exceed the criteria for a rainfall deficit Climate Watch 
for this region, being: 
– Rainfall for the past three or more months: decile one or lower. 
– Chance of rainfall being greater than the median: 40% or lower. 
– Forecast skill score: 55% or greater. 

Climate situation: Sea surface temperatures in the central equatorial 
Pacific have gradually increased over the previous two months and are now 
generally close to average. The final remnants of the 2007/08 La Niña event 
continue to linger in the western Pacific, although the overall ENSO state is 
rated as neutral. A majority of computer models in a recent survey indicated 
that neutral conditions are likely to persist for the next three to six months. 
However, these same models show that a positive dipole of Indian Ocean 
temperatures (IOD) may persist for a few more months. This phase of the IOD 
has been linked with reduced rainfall over central and southeastern Australia. 

 

The monthly Climate Watch Africa bulletin provides analysis on important climatic factors including monsoon winds, rainfall and temperature

Source: Australian Bureau of Meteorology (BoM)
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• �Probabilistic climate forecast products that are understandable 
to the user community

• �Continuously updated records of past forecasts and analyses of 
past forecast performance

• �Effective methods for the routine dissemination of climate  
information to user groups and sectors

• �An active collaboration and feedback mechanism developed 
with the user community to provide guidance for the design of 
climate watches, as well as to evaluate their effectiveness. 

If any of these aspects are lacking they must be developed. There are 
two aspects to consider simultaneously when planning for building 
capacity in climate watch systems. The first includes those activi-
ties required to ensure that NMHS personnel have the capabilities 
to operate a climate watch system. The second involves building 
capability amongst users, which requires dedicated and sustained 
efforts and is best achieved by regular interaction and partnership. 
This aspect requires a parallel outreach programme to ensure an 
adequate use of the system outputs, as well as understanding the 
system’s limitations and where improvements can be made.

Supporting programmes and activities
At a global level the WMO World Climate Data and Monitoring 
Program facilitates international efforts in climate data and climate 
monitoring. It produces the WMO annual statements on the status 
of the global climate,4 which highlight major global and regional 
climate anomalies occurring during the year. This publication, along 
with others of its kind, provide users operating at global, regional 
and national levels with useful information relating to the geograph-
ical extent and time frame of various climate extremes including: 
droughts; heat waves; flooding; heavy precipitations; and tropical 
cyclones. At the same time efforts are underway to build the capacity 
of NMHSs in climate data management and data rescue, as well as in 
implementing climate watches in developing and the least developed 
countries.

Since 1997 the WMO has been issuing the ‘El Niño 
Update’. The report results from cooperation between 
the WMO and the International Research Institute for 
Climate and Society, along with contributions from 
many meteorological services and regional centres and 
organizations. The El Niño updates5 are coordinated 
by the WMO World Climate Applications and Services 
Program. In 2004, Kousky and Higgins6 developed an 
alert classification system for monitoring and assessing 
the ENSO Cycle.

In addition, the WMO has procedures and guidelines 
for the designation and establishment of WMO Regional 
Climate Centres (RCCs).7 These centres constitute the 
main regional WMO operational climate institutions 
and provide regional products including climate analy-
sis and long-range forecasts, as well as regional data sets 
and maps. These products serve as input for NMHSs 
operating climate watch systems at national levels. The 
RCC designation process has already started in WMO 
regions II and VI.

In Africa, the monthly Climate Watch Africa bulletin 
is developed by the African Centre of Meteorological 
Applications for Development . The bulletin provides 
comprehensive analysis of the current state of the 
African climate, including, monitoring the Inter-
Tropical Convergence Zone, monsoon winds, rainfall, 
and temperature and soil moisture. It also includes 
seasonal climate outlooks and possible related impacts 
at continental and sub-regional scales (www.acmad.
ne/en/climat). 

The International Center for El Niño Research 
(CIIFEN) in Guayaquil, Ecuador, uses climate informa-
tion from the Global Producing Centres as the basis for 
El Niño outlooks in South America (www.ciifen-int.
org). CIIFEN also contributes to the RCOFs in the area. 

Model forecasts for ENSO from April 2009

Source: International Research Institute for Climate and Society (IRI)

Rainfall anomalies in Africa for March 2009

Source: African Centre of Meteorological Applications  

for Development (ACMAD)



[ ]194 

IV

Risk Governance  
and Management



IV

Risk Governance  
and Management



[ ]196 

Early warning, early action 
Maarten van Aalst, Associate Director and Lead Climate Specialist, Red Cross/Red Crescent Climate Centre, 

International Federation of Red Cross and Red Crescent Societies

When disasters strike, Red Cross or Red Crescent volun-
teers are often among the first to provide relief to the 
victims. But in most cases, we can save more lives and 

reduce more suffering if we can act before a disaster. We have known 
for decades that it is much more effective to evacuate people before 
a flood than to rescue them after the event. It is more effective to 
support farmers in finding alternative livelihoods than to provide 
food aid when the harvest has failed. The Red Coss and Red Crescent 
is investing more into people-centred early warning systems, using 
information at all timescales to address the rising risks of extreme 
weather events in a changing climate. 

Early warnings abound 
Fortunately, thanks to remarkable advances in science and technol-
ogy, we have access to a wide range of early warnings. Global computer 
models and satellite images, regional centres of expertise, national mete-
orological offices and other government agencies, local field reports and 
community observations all allow us to better understand the present, 
and to anticipate the likely future. At the shortest timescales, a warning 
of an impending storm can help communities prepare and take immedi-
ate action – such as evacuation to reduce the loss of life. At intermediate 
timescales, a seasonal forecast may give warnings that an upcoming storm 
season could be particularly severe, a rainy season could bring unusual 
floods, or that a continuing drought could result in food scarcity. At even 
longer timescales, climate change projections and trends such as urbani-
zation and population growth present early warnings of increasing risks.

Early action 
An early warning has no effect without early action. Numerous examples 
illustrate how reliable information about expected threats was insufficient 
to avert a disaster, including Cyclone Nargis, Hurricane Katrina, and the 
food crisis in Niger. At the shortest timescales, such action could simply 
be evacuation. On the longest timescales, it means working closely with 
local communities to assess and address the root causes of the chang-
ing risks they face. Houses on stilts, planting trees against landslides, 
dengue awareness and prevention campaigns, water catchment systems 
and many other risk reduction measures can be taken. Early action also 
includes updated contingency planning and volunteer mobilization. The 
more we act upon the warnings on the longest timescales – by identifying 
communities at risk, investing in disaster risk reduction and enhancing 
preparedness – the more lives and livelihoods can be salvaged at the 
shortest timeframes when a flood does arrive. 

Early action also spans a range of geographical scales. While effec-
tive international humanitarian preparedness and response is essential, 
especially for major disasters, many activities to prepare for disasters, 
and particularly to reduce risk, need to be implemented at the most local 
level – often by local communities themselves. Better links to global, 

regional and national knowledge centres can only facilitate 
more effective action at local level if we ensure the informa-
tion is received in time, understood and trusted by those at 
risk, and interpreted to inform local action. 

Early action in the 2008 West Africa flood season
In May 2008, the West and Central Africa zone office 
of the International Federation of Red Cross and Red 
Crescent Societies (International Federation) in Dakar, 
Senegal, took advantage of new partnerships with climate 
professionals on both sides of the Atlantic – including 
the African Centre of Meteorological Applications for 
Development and the International Research Institute 
for Climate and Society (IRI) – to try to prevent history 
repeating itself in West and Central Africa. Floods 
across Africa in 2007 were the worst in several decades. 
Hundreds of thousands of people were displaced in nearly 
20 countries. Nearly 300 died as a direct consequence of 
the flooding, which came in the wake of several relatively 
heavy flood seasons since 2000. This appeared to fit a 
pattern of increasing rainfall variability, possibly related to 
global warming, and clearly a concern for the Red Cross in 
the region. However, long-term model projections provide 
little guidance in this region - even annual average rainfall 
may go up or down. All we could do is be better prepared 
for a wider range of risks, and in particular making use of 
information at shorter timescales – not merely waiting for 
more disasters to unfold.

By 2008, the zone office was regularly monitoring 
seasonal climate forecasts. In late May 2008 forecasts 
received from two trusted sources raised an alarm. One 
was by the IRI, from a dedicated climate risk maproom, 
part of the International Federation’s Disaster Management 
Information System. The other was presented at PRESAO, 
the regional climate outlook forum, attended for the first 
time by the International Federation’s disaster manage-
ment coordinator in Dakar, Youcef Ait-Chellouche. Both 
showed a high probability of ‘wet’ and ‘very wet’ condi-
tions in the same countries that were flooded in 2007. The 
International Federation released initial funding from its 
Disaster Response Emergency Fund, which can finance 
early action based on evidence of a probable imminent 
disaster. Given the potential scale of the flooding, the 
International Federation also launched, for the first time 
ever, a wholly pre-emptive appeal for flood prepared-
ness assistance based on seasonal forecasts, worth nearly 
USD750,000 and covering the entire at-risk region. This 
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a similar discharge in 2007, they advised fi shermen not 
to go out on the river. Across the region, the Red Cross 
was able to respond better and faster. In 2007, it took 
over a month to get supplies to where they were needed. 
In 2008, most countries received supplies within days. 

At the end of the fl ood season in September 2008, the 
IRI issued its seasonal precipitation forecast for October, 
November and December, predicting above-average rain-
fall for the dry season. The zone offi ce held a community 
meeting to consider the risks if the dry season was wetter 
than usual. Farmers quickly raised concerns about crops, 
mostly nuts and cereals that are typically dried outdoors 
in these months. If there was rain during this period they 
could easily rot, putting food security and livelihoods at 
risk. In partnership with the World Food Programme and 
the Food and Agriculture Organization, the zone offi ce 
identifi ed the exact drying period. Staff then contacted 
regional National Societies, asking them to inform farming 
communities that rain was possible and they should be 
prepared to cover or shelter their crops, keeping an eye 
on short-term rainfall forecasts. This simple information 
enabled many farmers to preserve their harvest.

Preparing for the certain and the uncertain 
The West Africa example, along with several others, show 
that combining information on various timescales pays 

enabled the zone offi ce to provide support to National Societies for 
action before and during the fl oods, which indeed arrived as projected. 
The International Federation positioned relief stocks in Dakar, Accra 
and Yaoundé, ensuring supplies did not have to be fl own in from Dubai 
but were already in the region, allowing faster and cheaper distribu-
tion. Regional disaster response teams were trained for fl ood response, 
and National Society disaster managers learned to interpret six-day 
rainfall forecasts to monitor upcoming risks. Visas were requested and 
medical insurance acquired in advance, so that teams could be mobi-
lized within 24 hours of an emergency. 

In Togo, an especially vulnerable West African country, more people 
were affected by the 2008 fl oods in more densely populated areas than 
in 2007. Yet data tracked by the International Federation suggests only 
16 deaths occurred in 2008 compared to 25 previously. This reduction 
may not be directly attributable to Red Cross action, but Togo Red 
Cross staff believe their 2008 response was faster and better because 
they received early seasonal forecasts, and had learned lessons from the 
previous year. They now had contingency plans, a larger number of 
volunteers on call, and an effective communications system allowing 
information to pass between national headquarters, focal points in the 
regions and local communities.

In Ghana, Red Cross volunteers helped to prevent a disaster when 
they learned that water from the Bagre Dam in the Volta River would 
be spilled, warning fi shermen not to go out on the river on the days of 
the excess spillage – something they had been monitoring based on the 
warning from the seasonal forecast and the disastrous consequences of 

Multi-model probability forecast of extreme precipitation for June-August 2008, issued May 2008

Source: IRI
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off. But using climate information on longer timescales is not a trivial 
undertaking for humanitarian organizations.

One challenge is uncertainty. It is clear that climate change 
exists and will lead to gradual changes such as melting glaciers 
and rising sea levels, as well as more weather extremes. However, 
specifi c consequences in individual places are often vague and 
probabilistic, and may seem irrelevant in the face of pressing day-
to-day concerns. But, rather than confusing us by their lack of 
clarity, these long-term warnings of rising risks and uncertainties 
should be a strong incentive for increased early action through 
disaster preparedness and risk reduction. We have long assisted 
communities to prepare for the threats they know. Climate change 
now requires us to help prepare them for threats that are unpre-
dictable in both severity and nature. 

Similarly, probabilistic seasonal forecasts, while less precise than a 
warning of a storm about to hit a particular city, give us a valuable 
heads-up to prepare for higher levels of risk and be ready to act upon 
more specifi c warnings at shorter timescales.

Communication and capacity for action 
A second challenge is communication. Early warnings are irrelevant 
if they are not received, understood and trusted by those who need to 
act. New sources of scientifi c information provide us with new oppor-
tunities, but also continuously raise questions. What does it mean to 

have a higher level of risk, sometimes including a higher 
level of uncertainty? Should the national Red Cross or 
Red Crescent society act, or wait? When does the risk 
get so signifi cant that we when does the risk become so 
signifi cant that we mobilize resources and volunteers? 
And how do we present that knowledge to those at risk 
in vulnerable communities? There is a need to transform 
scientifi c information, which is often complex and in the 
form of maps or percentages, into simple and accessible 
messages that allow local people to make sensible deci-
sions on how to respond to an impending threat. 

This requires fi rstly a continuous dialogue between 
humanitarian professionals and volunteers and knowl-
edge centres at national, regional and global levels. A good 
example of this is the ‘partnership to save lives’ between 
the International Federation and the IRI, which stood 
at the basis of the successful preparedness appeal in the 
2007 West Africa fl ood season. It also requires expanded 
investment in disaster risk reduction and preparedness at 
all levels – community, local, national and international.  

Only by combining scientific advances with the 
resources and capacities to respond to warnings – at all 
timescales and all geographical scales – will we be able to 
counter the rising risks in a changing climate. 

Source: Simon Mason, IRI

Observed rainfall for July-August 2008, West Africa

Brown shading indicates the drier than average areas; green shading, the wetter areas

Managing risk in a changing climate 
Stephen E. Zebiak, International Research Institute for Climate and Society
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We live in a time of rapidly escalating concern about 
climate change. Although scientific evidence has been 
steadily building over many years, only recently has 

the consensus concerning observed impacts and future scenarios 
reached a level to capture the world’s attention. Increasingly, the 
question of the reality of climate change is being replaced with 
the question of what to do about the problem. It is also increas-
ingly appreciated that the response will require concerted efforts 
not only to control atmospheric greenhouse gas emissions, but 
to adapt to and manage the effects of climate change as well. 

Climate shocks in the form of droughts, floods, cyclones, and 
related problems such as epidemics, food insecurity, infrastructure 
loss and the like have been playing out year by year, throughout 
recorded history, but with increasing severity as populations are 
becoming increasingly vulnerable. A growing body of evidence 
points to the direct effects of climate on economic and human 
development, particularly in low-income countries. The ability 
to cope better with the climate is thus a paramount issue of the 
present, and a potentially even greater issue in the foreseeable 
future. ‘Win-win’ approaches to better manage current climate 
risks, and to build capability to cope with the climate of the future, 
are especially needed. 

Many of the world’s leading development institu-
tions – including the United Nations Development 
Programme, the World Bank, regional development 
banks, foundations, bilaterals and non-governmen-
tal organizations – recognize that efforts to meet 
development goals, in particular the Millennium 
Development Goals, are threatened by climate 
risk. As a result, they have begun reviewing their 
programmes from the perspective of climate-related 
risk assessment and risk management. Similarly, 
national governments and decision makers at the 
local and regional levels are now asking how they 
can better manage climate-related risk. 

A great deal of relevant information is now 
available to assist these efforts. Under the United 
Nations Framework Convention on Climate 
Change, and particularly through the work on the 
Intergovernmental Panel on Climate Change (IPCC), 
authoritative assessments of the current climate and 
possible future climate scenarios are readily avail-
able. In addition, routine monitoring information 
and seasonal-to-interannual climate forecasts are 
available in several centres. In practice, however, it 
has proven difficult to cast this information in terms 
that can inform decisions and policies in key socio-
economic sectors. As a result, little uptake has been 
achieved and livelihoods and economies remain 
vulnerable to climate risk. 

The work needed to provide problem-specific 
information and to advance innovations in the use 
of such information is the science of climate risk 
management practice. This work is especially chal-
lenging because it involves a complex interplay 
between physical, natural, and social systems and 
requires that practitioners engage with good science, 
good policy, and good practice. At present there are 
some organizations working to connect these dispa-
rate disciplines – but while their work has provided 
examples of practical ways to manage climate risk, 
the demand for useable knowledge and information 
far outstrips what can be provided. 

If the global community is to become serious 
about managing climate risks, it must close the gap 
between knowledge and practice. In addition to major 
programmes in climate assessment, international 
policy, and development assistance, the global commu-
nity must also provide a mechanism to advance climate 
risk management practice. 

Risk Governance and Management

Farmers in Chile, part of South America’s Southern Cone region
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logical and policy interventions. It also works to reduce 
the uncertainty associated with the impacts of climate 
variability on agriculture. Project partners are currently 
developing information and decision support systems 
that include long-term climate and agricultural impact 
information, continuous monitoring of climate and 
vegetation, and seasonal climate forecasts.3

Innovative weather risk transfer solutions have also 
been developed. This includes index insurance, which 
provides a way to minimize the livelihood impacts of 
‘bad years’ associated with extreme events. In the future, 
it may also be possible to combine index insurance 
with climate forecast information, providing insurance 
against the uncertainty of the forecast. At the same 
time, drought index insurance allows relief agencies 
to respond quickly as droughts unfold, thus avoiding 
catastrophes that may otherwise destroy livelihoods and 
force farmers into poverty traps.4 

Obstacles to effective climate risk management 
Unfortunately, while there are examples of successful 
climate risk management in different sectors, a number 
of obstacles still stand in the way of widespread imple-
mentation. Indeed, despite increased interest in climate 
evidenced by: the significant resources invested in 
climate-related research, forecasting, and assessment; 
rapid developments in climate policy; and increasing 
support for disaster risk reduction and climate-smart 
development, the practice of climate risk management 
as described above is rare throughout the world today. 
This leaves communities exposed to a great deal of 
climate-related risk. 

This void is evidenced by the very few development 
organizations that employ climate knowledge, infor-

Climate risk management 
Put simply, climate risk management is the process of climate-
informed decision making. It involves the use of strategies 
that reduce uncertainty through the systematic use of climate 
information. Certain strategies may involve the deployment of 
climate-informed technologies and the implementation of climate-
informed policy interventions that transfer some, or part of, the 
risk away from vulnerable populations. Climate risk management 
addresses the full range of variability, balancing protection against 
climate-related hazards with effort to capitalize on opportunity. In 
this way, climate risk management is an effective way to protect and 
improve international development. 

The fact that climate risk management is effective, however, 
doesn’t make it easy. Indeed, because the process is inherently 
interdisciplinary, it requires a detailed understanding of complex 
context-specific interactions between physical, natural and social 
systems. It also involves collaboration among experts who must 
work together on cross-disciplinary problems. Though developing 
the proper strategies is a complicated task, climate risk management 
can be applied to any sector and on scales that range from local to 
global, and from near- to long-term. 

While the science of climate risk management is still in its infancy, 
strategies exist in every sector. For instance, an effort to address 
deepening drought in Western Australia created a constructive 
engagement between water managers and climate scientists that 
improved practice in both fields and contributed to better policy.1 
In the realm of public health, a group of partners developed an 
integrated malaria epidemic early warning and response system that 
is being implemented in conjunction with the Roll Back Malaria 
Campaign. The system includes seasonal forecasts, climate moni-
toring, vulnerability assessments, case surveillance, and response 
planning.2 

Similarly, a project in the Southern Cone of South America 
manages agriculture related climate risk through a series of techno-

Discussing index insurance with farmers in Adi Ha, Ethiopia

Floods in 2007 caused a number of Kenya’s key bridges and roads to 

wash away, making transportation a nightmare for commuters, students 

and humanitarian agencies attempting to deliver relief supplies
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mation products, or related management strategies as part of their 
overall development toolkit. It is also clear that mainstream prac-
titioner communities in health, water, agriculture, finance, and 
other key sectors have not yet begun to incorporate climate risk 
management into their day-to-day programmes. In addition, many 
climate service providers do not provide information on scales that 
are relevant to policy and management decisions. 

A recent study by the International Research Institute for Climate 
and Society has characterized the current situation as one of market 
atrophy – negligible demand coupled with inadequate supply of 
climate services for development decisions.5 In this system, the 
climate information production community is neither invested in, 
nor informed about, its client community. Meanwhile, user commu-
nities are poorly informed about climate, confused by the abundance 
of disparate information available, and generally mistrustful of the 
reliability and usefulness of existing information. 

In this sense, the main obstacle to the widespread implementation 
of climate risk management is the lack of engagement and commu-
nication between user communities. Climate researchers and service 
communities develop knowledge and related information products 
from a disciplinary research perspective – largely uninformed about 
stakeholder needs. Meanwhile stakeholders in development, policy 
and planning are not capable of assimilating relevant climate infor-
mation that is available. As a result, research is not being taken up. 
Stakeholders increasingly worry about climate but remain largely at 
a loss about what to do in practice. 

The solution to this dilemma requires a focus at the nexus of these 
communities. It also requires the cooperation of relevant commu-
nities on scales from global to local. The extent to which we can 
meet this challenge will, in large measure, determine the benefit 

that can be realized from major ongoing investments 
in research, observations, assessments, international 
policy and climate-sensitive development programmes 
in years to come. 

Pathways forward in climate risk management  
and adaptation
Despite challenges, the current state of affairs offers 
unprecedented potential to advance our capacity to 
manage climate risks and opportunities. The global 
dialogue has proceeded from a debate about the 
reality of climate change to a call for action in both 
mitigation and adaptation, and the world is now 
preparing for negotiations on future national and 
international commitments and action. The linkages 
between climate risk management, adaptation, disas-
ter risk management, and sustainable development 
have been identified and are increasingly being recog-
nized and embraced. The desire for significant action 
seems overwhelming. 

Undoubtedly, a key aspect of action addressing 
‘common but differentiated responsibilities’ – but also 
an opportunity for leadership for developed countries 
– is to offer substantial commitments in the area of 
knowledge, information and technology transfer to 
assist developing countries to more effectively manage 
climate risks – from the next season up to a couple of 
decades ahead.

While many new initiatives are likely to be pursued 
along these lines, the greatest opportunity lies in the 

Bangladeshi villagers watch a disaster awareness and preparedness programme
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creation of a framework that allows global scale coordination and 
sharing of resources toward improved climate risk management 
practice. This is because the scope of the challenge is so enor-
mous that no entity, and indeed no country, can best address its 
own challenges in isolation. All countries, particularly develop-
ing countries, can best meet their challenges by having a means 
to access relevant global scale observations, state-of-the-art 
global climate prediction (and assessment) products, climate and 
environmental monitoring information, as well as accumulated 
knowledge of effective climate risk management practices, tools, 
and methodologies. 

All of this could be provided through a suitably organized global 
infrastructure. One such option is being proposed as an outcome of 
the upcoming World Climate Conference-3. Whether implemented 
through this process or not, such a global framework is needed to 
seriously address the current climate challenge.

A great deal of attention is given, appropriately, to averting disas-
ters and coping with the potentially disastrous consequences of 
climate extremes in developing countries. It is important to recog-
nize that the establishment of effective climate risk management 
practices in developing countries offers not only improved ability 
to cope with extreme events, but also the opportunity to take 
advantage of favourable climate conditions. Strategies that allow 
increased investment in agricultural inputs, or increased water allo-
cations during years with enhanced likelihood of plentiful rainfall, 
for example, can readily translate into positive social and economic 
outcomes. Thus there is much to be gained from establishing inte-
grated approaches to climate risk management that address the full 
spectrum of risks and opportunities. 

Experience to-date has led to the realization that to make a differ-
ence in operational decision and policy making, attention and effort 
needs to be devoted to the interface of climate knowledge/informa-
tion and decision/policy making in key sectors. This work requires 
significant and sustained engagement between scientific and tech-
nical experts, practitioners and policy makers; it is most effective 
when undertaken in actual problem settings. Such work has been 
effectively undertaken through boundary organizations, either inde-
pendently or as units embedded within sector-based organizations. 
Regardless of the constructs chosen, a great deal more effort needs 
to be invested at this interface to advance climate risk management 
practice at the scale needed. To be effective, these efforts need to 
be strongly science based, and must enable continuing climate risk 
management research and innovation, demonstration, evaluation, 
and knowledge sharing. Without this effort, the extensive ongoing 
investments, and needed improvements, in climate observing 
systems, monitoring, modelling, prediction, and assessment will not 
translate into the improved practices that are desired and urgently 
needed.

To address the scale of the challenge, there is a need to capture, 
distil, and disseminate the accumulating knowledge of effective 
climate risk management practices, together with the products that 
derive from such knowledge. Each local, regional, or national effort 
to advance climate risk management should benefit from the experi-
ence of all other relevant efforts including case studies, publications, 
data streams and training resources, as well as specialized informa-
tion (including prediction) products and decision support tools. 
Only through such a knowledge management effort can collective 
global investments be tapped in servicing the needs of countless 
communities that must act to better manage climate risk.

Another opportunity lies in developing the means 
to coordinate efforts in evaluating the effectiveness of 
information products and strategies – a process for 
establishing, reviewing and updating good practices 
both in technical as well as implementation aspects 
of climate risk management practices. This would 
naturally evolve as an element of a coordinated global 
framework, but at any scale the importance of credible, 
widely available information on good practices cannot 
be overestimated.

Throughout the world, but particularly in developing 
countries, the successful implementation of (sustain-
able) improved climate risk management practices 
depends heavily on establishing awareness, and the 
technical and institutional capacity to take up infor-
mation and employ it effectively. Addressing this will 
require substantial support from capable institutions 
committed to and resourced for capacity building and 
training, ideally organized at some level as part of a 
larger framework. In addition, looking toward the 
future, the greatest opportunities for significant progress 
in climate risk management rest with a community of 
professionals throughout all relevant sectors of society 
who are educated to be able to interpret climate infor-
mation and to apply it in their fields of practice. There 
is an important role here for academic institutions in 
developing the necessary educational curricula and 
programmes.

One of the important lessons learned from work 
to-date is that from the decision-making perspective, 
managing climate is rarely just an issue of the present 
season, and equally rarely just an issue of the longer-
term future. Rather, in most climate-sensitive policy, 
planning and operational settings, particularly in 
developing countries, there are significant concerns 
with managing climate risks and opportunities across 
a spectrum of timescales ranging from the present to 
20-30 years ahead. The information available to support 
risk management at the subseasonal, seasonal-to-inter-
annual, and decadal timescales differs substantially. 
Nonetheless, efforts need to be made to address risk 
assessments and management strategies in an integrated 
manner, drawing on all available information, tailored 
to the problem at hand. 

Presently, IPCC projections cannot capture any 
predictability associated with decadal climate vari-
ability, and at this stage are not expected to represent 
the uncertainties associated with this variability 
correctly. Although research is being devoted to this, 
and needs to be accelerated, in the meantime the best 
practices in longer-term risk assessment will need to 
add information from analysis of historical climate 
records to make the best possible risk assessments. A 
time frame integrated strategy that addresses current 
risks, assesses robustness with respect to best esti-
mates of longer-term risks, and adopts relevant 
contingency planning – in effect, adaptable adapta-
tion – is the approach that holds the greatest promise 
and utility in practice.6 

Innovative risk transfer options as adaptation  
strategies to growing hydro-meteorological  

risks in the Caribbean Basin 
Simon Young and Ekhosuehi Iyahen, Caribbean Risk Managers Limited, Facility Supervisors,  
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Caribbean Catastrophe Risk Insurance Facility

Climate change is adding to the already severe and steadily 
worsening risk exposure of the Small Island Developing 
States (SIDS) of the Caribbean Basin. Exposed to severe 

hurricane hazards as well as extreme rainfall and related flood 
and landslide hazards, small islands have a relatively high 
length of coastline and a huge concentration of economic activ-
ity in coastal zones and/or the lower reaches of river valleys. 
This is due to the high and growing economic importance of 
tourism (dominantly coastal-based) and the great concentration 
of the population on coastal flats. The other main economic 
engine of the region, agriculture, is also highly exposed to hydro-
meteorological hazards.

An added problem for small countries with small economies is the 
devastating effect that single-event catastrophes can have both on physi-
cal infrastructure and the socioeconomic fabric of the country. A small 
regional economy combined with existing physical vulnerabilities often 

results in an amplified effect from natural hazards on these 
countries. For example, in 2004 Hurricane Ivan impacted 
almost 200 per cent of the annual gross domestic product 
(GDP) in each of two Caribbean islands, Grenada and the 
Cayman Islands, as well resulting in significant damage 
in Jamaica. By contrast, Hurricane Katrina’s impact in the 
US was less than one per cent of annual US GDP and only 
about 30 per cent of Louisiana’s annual GDP – assuming 
half of the total economic impact was in Louisiana.

Although much work remains to be done to fully under-
stand the impacts of climate change on the Caribbean, a 
consensus is emerging that extreme events are likely to 
increase in both frequency and severity. This may hold for 
hurricanes as well as non-cyclonic rainfall events. Evidence 
provided by the 2007 Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change provides 
overwhelming support of the probability of these changes 

Risk Governance and Management

Damage resulting from Hurricane Ivan’s impact on Cayman in September 2004
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climate change adaptation strategy. The development 
of the Caribbean Catastrophe Risk Insurance Facility 
(CCRIF) is an example of a macro scale initiative that 
can be regarded as a proactive and collective approach by 
regional governments to adapt to and mitigate the risks 
associated with their exposure to catastrophe hazards. 

The CCRIF is the first risk insurance pool involving 
multiple countries. It is an example of an innovative risk 
transfer option in which a risk financing vehicle has been 
specifically designed to provide Caribbean governments 
with an efficient and cost effective method of pooling 
natural hazard risk exposures into a single and better-
diversified portfolio. The pooling of these risks facilitates 
effective access to the global reinsurance and capital 
markets. The CCRIF currently issues parametric insur-
ance policies, which use modelled hazard parameters as a 
basis for loss estimation and payment. Current hurricane 
policies are based on modelled wind speed at representa-
tive ‘measuring points’, the results of which are then used 
as a proxy for government losses via an index developed 
by modelling company EQECAT. Parametric policies 
enable very rapid payouts, providing governments with 
liquidity to help with immediate post-disaster recovery 
as well as medium-term rebuilding efforts.

The progress achieved in understanding the science 
behind meteorological events, coupled with technologi-
cal advances within the risk management and financial 
sector has facilitated the emergence of tools and mecha-
nisms such as the CCRIF, as well as the development 
of supporting informational databases which allow 
Caribbean governments to better manage their climate 
related risks. CCRIF’s recent development of its own 
catastrophe modelling platform – with the help of 
Kinetic Analysis Corporation (KAC) – is a further 
refinement of the capacity of the facility, and broadens 
the scope of potential financial instruments which could 
be made available for risk management and mitigation in 
both the public and private sectors. This new platform 
enables the use of either a hazard index or modelled-loss 
as the basis for parametric contracts. Its modular and 
highly scalable architecture enables new hazard modules 
and a variety of exposure database formats (including 
gridded and point-data exposure) to be simply added. 

In addition to the multi-hazard hurricane model 
(which includes surge and wave action loss generators), 
CCRIF and KAC, in partnership with the Caribbean 
Institute for Meteorology and Hydrology (CIMH), 
are developing a rainfall index aimed at represent-
ing flood impacts. The model will produce six-hourly 
rainfall estimates for the Caribbean Basin based on the 
Global Forecast System initialization data, run with 
topographic enhancement. This base rainfall accumu-
lation will be aggregated at the basin level and weighted 
according to relative exposure within a basin to produce 
an extreme rainfall impact index.

The rainfall product is of particular interest in the 
agriculture sector, where index insurance is seen as a 
potential solution to achieving cost-effective insurance 
programmes for the region’s agricultural industry. The 

occurring within the Caribbean. Similarly, predictions summarized in 
a position paper by the Caribbean Development Bank released in 2008 
indicate that by the end of the century temperatures within the region 
will have risen between +1.4°C to +3.2°C with a greater than 66 per cent 
probability of an increase in hurricane intensity. 

While these forecasts and predictions are useful, it is also impor-
tant to recognize that the impact of climate change cannot be simply 
conceptualized or limited to a future possibility. Its effects are 
already being directly felt within the Caribbean region. The rise in 
sea level and the increase in sea surface temperature already provide 
evidence of the increasing dangers being inflicted on these fragile 
environments and their economic and social landscape. The occur-
rence of sea-level rise and the warming of oceans has a direct effect 
on wave and storm surge hazards independent of event frequency/
severity changes. These are especially pronounced in the Caribbean 
where most of the population reside in close proximity to the coast.

Additionally, degradation of coral reefs as a result of coral bleach-
ing due to higher sea temperatures has led to a reduction in the 
natural mitigation provided by reefs to coastal environments, and in 
turn the surrounding coastal communities. The destructive impact 
of climate change on the coral reefs across the region has also 
resulted in irrevocable damage to the economic base of communi-
ties who rely heavily on the marine environment. The challenges 
created by climate change are therefore much more complex than 
just alterations to the physical environment within these islands. 
The challenges are intrinsically tied to physical, social and economic 
vulnerabilities – placing a disproportionate burden on small island 
developing states. 

There can be no dispute that the challenges created by climate 
change through its present manifestation and potential future 
impacts are daunting. However, the Caribbean is leading the world 
in the development of innovative risk transfer solutions for catas-
trophe exposure, as part of an integrated risk management and 

The aftermath of a localised rainfall event which triggered multiple landslides in 

Dominica in November 2004
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effects of climate change on agricultural production will have greatest 
impact on those least able to cope. Furthermore, traditional insur-
ance products are either too expensive for most farmers or require 
unsustainable government subsidies. At the local scale, such index 
insurance solutions will, however, require significant enhancement 
of the hydro-meteorological measuring network. Although the lack 
of extreme event data constitutes a significant hurdle to developing 
and verifying index insurance products, this is not a problem faced 
by Caribbean countries alone. Instead it is a part of a wider global 
problem in which there has been a significant under-investment in 
technical and institutional infrastructure related to climate monitor-
ing networks, which are necessary to inform effective climate change 
adaptation initiatives. This problem is particularly acute for extreme 
event monitoring.

Within the Caribbean the role of collective regional action in 
addressing these institutional deficiencies – while also developing 
and implementing national and regional climate change adapta-
tion strategies – is critical. CCRIF’s collaborative relationships 
with institutions such as CIMH, the Caribbean Disaster Emergency 
Response Agency (CDERA) and the University of the West Indies 
(UWI) are part of the collective approach required to assist the 
region as a whole, as well as the individual nations within it. The 
initiative to develop a Caribbean Risk Atlas – led by UWI’s Disaster 
Risk Reduction Centre in collaboration with national governments, 
CDERA, CCRIF and the World Bank and funded by the Global 
Facility for Disaster Reduction and Recovery – reinforces the role 
of close partnerships and alliances in effectively adapting to the 
complex impacts of climate change. The creation of a regional risk 
atlas will permit greater comparison and exchange of information 
between countries. This in turn can be used to better guide risk 
mitigation and risk financing strategies on a collective scale, thus 
providing maximum benefit to the individual countries.

CCRIF’s modelling platform – which is designed to enable testing 
of various future climate input datasets – along with the substantial 
research already undertaken by KAC in this field could find potential 

applications within the risk atlas project. They would 
be especially relevant in informing the planning, policy 
formulation and decision-making process within national 
and regional institutions and governments. As climate 
model outputs increase in resolution, CCRIF hopes to 
utilize its in-house loss modelling capabilities to provide 
significant quantitative information to enhance discus-
sions on economic loss aspects of the climate change 
debate. This will, in turn, inform discussions on adapta-
tion strategies and the role of insurance mechanisms in 
mitigating future impacts – particularly on small vulner-
able states such as those in the Caribbean.

The scope for innovative risk transfer options as part 
of adaptation strategies to growing hydro-meteorological 
risks in the Caribbean Basin is therefore promising on 
a number of levels. It offers some measure of security 
for Caribbean countries through the provision of mecha-
nisms and tools that can be harnessed to mitigate and 
adapt to the ever changing risks of climate variability and 
extremes associated with climate change. The potential 
of these mechanisms is especially relevant for develop-
ing countries, as they provide a means through which 
they can raise a reliable source of post-disaster recovery 
funding in the occurrence of a catastrophe event. This 
reduces, to some extent, the disproportionally large 
economic and human burdens created by climate change. 

But the role and utility of these instruments cannot be 
limited to the tangible benefits that they can provide in 
the immediate aftermath of a catastrophe event. Their 
benefits can be expanded to include the investments 
that they facilitate in preventative initiatives and the 
adoption of holistic risk management programmes 
based on assessments of the vulnerability of these 
states. CCRIF intends to leverage its cross-departmental 
role to promote development of an explicit, high level 
‘Country Risk Officer’ position. The role would involve 
the coordination of the holistic risk management strat-
egy required both by individual countries and across 
regions in the face of growing hydro-meteorological, 
financial, health and social risks – many linked to 
climate change. Investments in the development of 
supporting technological and infrastructural capacities 
that build critical information databases that might not 
have previously existed, can also be powerful tools to 
inform wider policy and decision-making processes. 
These supporting investments can have benefits that go 
far beyond present day relief; indeed they are invest-
ments for the future security of the region.

Risk transfer instruments are evidently an integral 
part of a comprehensive disaster risk management 
process – but they by no means constitute a complete 
solution to the current and anticipated risks posed by 
climate change. Adaptation to and mitigation of the 
risks associated with growing hydro-meteorological 
hazards and vulnerabilities within the Caribbean 
Basin requires a multi-dimensional, collective 
regional and domestic response. Risk transfer instru-
ments can play a crucial role within such a wide and 
comprehensive process.

Damage on Grand Turk, in the Turks & Caicos Islands, after the passing of 

Hurricane Ike in 2008
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A Nordic perspective on  
climate change and dam safety 

Sten Bergström and Johan Andréasson, Swedish Meteorological and Hydrological Institute, Norrköping, Sweden

One fundamental issue in dam safety work is proper 
assessment of the design flood. If this flood is underes-
timated, there is a risk of failure of the dam, often with 

disastrous consequences. There are also environmental concerns 
related to dam safety. A major dam failure will, of course, have 
huge environmental consequences when industrialized areas are 
flooded. But smaller mine tailing dams can also be hazardous. 
They are also likely to have a longer exposure period, as they are 
often designed to remain as a deposit of waste after the mining 
activities are finished. In Sweden alone, there are as many as 
10,000 dams for various purposes. The most important ones are 
components of the hydropower production system.

Design flood determination is one of the most important ques-
tions in scientific hydrology. Traditionally, the concepts Probable 

Maximum Precipitation (PMP) and Probable Maximum 
Flood (PMF) have been used by many countries. PMF 
is a very extreme flood that cannot, in principle, be 
exceeded. Unfortunately, the scientific foundations for 
the concepts of PMP and PMF are somewhat shaky, 
with the prospect of global warming further complicat-
ing the situation.

 For the hydroelectric power industry, a new situ-
ation has arisen. Large investments have been made 
to upgrade dams to comply with the latest safety 
requirements. At the same time, the mining industry 
has realised that the hazards of global warming cannot 
be ignored, and has joined the hydropower industry 
in studies on climate and dam safety. However, exist-
ing regional climate scenarios continue to vary greatly, 

Risk Governance and Management

Proper design of the capacity of the spillway is crucial for the safety of a dam. The spillway is activated at the Porjus dam in the River Luleälven in September 2007, 

after a safety upgrade according to the new Swedish guidelines for design flood determinations 

Im
ag

e:
 S

te
n 

B
er

gs
tr

öm
, S

M
H

I



A Nordic perspective on  
climate change and dam safety 

Sten Bergström and Johan Andréasson, Swedish Meteorological and Hydrological Institute, Norrköping, Sweden

[ ]207 

Risk Governance and Management

casting and design studies for several decades. It has 
the necessary components to account for snow accu-
mulation and melt, evapotranspiration, soil moisture 
and runoff generation. 

Swedish design guidelines in a changing climate
The simulation scheme for design flood determinations 
in Sweden is rather unique. It was developed in the 
1980s when it became obvious that current criteria were 
obsolete and could lead to dangerous consequences. 
The new guidelines were adopted in 1990, and a nation-
wide re-evaluation programme of all major dams in the 
country started and is still ongoing. Recently the mining 
industry has joined the hydropower industry in these 
efforts.

The Swedish design flood calculation guidelines are 
based on a classification of the dams into two main 
categories, depending on the potential consequences 
of a failure during flood conditions. Flood Design 
Category I should be applied to dams for which a failure 
could cause loss of life or personal injury, considerable 
damage to infrastructure, property or to the environ-
ment, or other large economic damage. Flood Design 
Category II should be applied to dams for which failure 
could only cause damage to infrastructure, property or 
the environment. 

The PMF/PMP concept was found inadequate when 
developing the Swedish guidelines because the river 
systems are very complex, with many reservoirs and 
floods, which are generated by an interaction between 
snowmelt and heavy rainfall. Design flood determination 
in Flood Design Category I is therefore based on a hydro-
logical simulation technique that describes the effects 
of extreme precipitation under particularly unfavour-
able hydrological conditions. Reservoir operation is also 
considered. Dams in Flood Design Category II should be 
able to pass a flood with a return period of at minimum 
100 years at full supply level.

Of particular interest is that in the new edition of 
the Swedish guidelines for the determination of design 
floods for dams, it is prescribed that climate change shall 
be considered in all design studies. This has initiated a 
research project with the aim of analysing possible impacts 
of climate change on the design floods, and to find means 
to account for climate change in future design studies. 

A number of drainage basins and dams, relevant for 
the power industry and the mining industry, have been 
selected for the studies of climate change impacts on dams 
according to both Design Flood Category I and Category 
II. In these basins design floods are calculated to allow 
for present day climate conditions and with available 
regional climate scenarios for the future. Focus for the 
design studies in a changing climate is on the first half of 
the 21st century, but simulations will also be made up to 
the year 2100. Results so far show that global warming 
may have great significance for dam safety, flood risks 
and the production of hydroelectric power in Sweden. 
The milder and more unstable winters expected in the 
future also mean that water will be released more often 

especially with regards to extreme precipitation within relatively 
small catchment areas – in other words, precisely that which is of 
greatest interest from a dam safety point of view. It is also recognized 
that new climate calculations are likely to be developed as science 
itself advances. A new attitude must be developed by dam owners 
to deal with this moving target. Truly – a new dimension in the 
philosophy of dam safety has arrived.

Fundamental questions
The question of climate impact on dam safety is one of the subjects 
addressed within the Nordic Climate and Energy Project – a collabo-
rative effort involving the Nordic and the Baltic countries. It is also a 
matter addressed in several national research projects in the different 
Nordic countries. The fundamental questions asked in these studies are:
• �What will be the combined effects on dam safety of more 

irregular winters including altered snow conditions, altered 
precipitation and altered evaporation?

• �How is the best use to be made of scenarios from meteorological 
climate models in order to calculate the effects on design floods?

• What is the extent of uncertainty in the matter?

Methods
It is not easy to predict how global warming will affect flood risks in 
the Nordic climate, where the most extreme floods are generated by 
a combination of snowmelt and rainfall. What is most evident is that 
a warmer climate will result in shorter and less stable winters, with 
smaller spring floods and more frequent and less predictable floods in 
winter. At the same time, climate scenarios indicate that there is a risk 
of an increase in the most extreme rainfalls. But a higher temperature is 
also expected to cause increased evaporation. The total picture is there-
fore a complex one. In regions in the north, with long winters and a lot 
of snow, a decrease in the problems in conjunction with spring floods 
may be expected unless there is an appreciable rise in winter precipita-
tion. In the south, where rain floods dominate, flooding problems may 
increase unless the increase in evaporation is sufficient to counterbal-
ance the rise in precipitation.

Studies of the impact of climate change on water resources in 
the Nordic area have to be based on a model strategy that properly 
accounts for the hydrological complexity in the area. This strategy 
is normally based on the combined use of different greenhouse gases 
emission scenarios, output from global and regional climate models 
and a hydrological runoff model. Usually several combinations of 
modelling components are used, in order to explore uncertainties 
in the estimates. In our earlier studies the number of combinations 
used was normally only four: two emission scenarios combined with 
two climate models. Our recent studies are based on an ensemble 
of some 15 regional climate scenarios. It is a complex process to go 
from a climate model to an off-line hydrological simulation without 
losing statistical information about how temperatures, precipitation 
and evapotranspiration are changing in the new climate. 

Most often the work relies upon regional climate scenarios from 
national research centres like the Rossby Centre regional climate 
modelling team in Sweden. These will soon be complemented with 
results from the European ENSEMBLES project, leading to a rather 
large internationally co-ordinated ensemble of regional climate scenar-
ios (about 22 in total), which will facilitate uncertainty analyses and 
other statistical processing. 

The hydrological model used in the Nordic countries is usually 
the HBV hydrological model, which has been widely used for fore-
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into rivers where we are used to long calm periods during the extensive 
cold winters. This affects both dam safety and the lives of those who live 
along the rivers. Higher winter flows are at the same time beneficial to 
the production of hydroelectric power.

The results so far also show that there is considerable uncertainty. 
The difference between distinctive climate scenarios is large when it 
comes to impacts on design floods. The floods can either increase or 
decrease depending on how changing precipitation patterns interact 
with new snowmelt conditions. It is therefore crucial to use more 
than one climate scenario in this type of study and to take uncer-
tainty head-on, rather than shying away from it. Undoubtedly, there 
is more than one answer to the question of how global warming will 
affect the most extreme floods in a river system.

Climate uncertainty from a dam owner’s perspective 
Understanding climate change and its impact is a challenge for the dam 
owners. It requires a new way of thinking, where we can no longer 
rely fully on past observations. It is also a challenge for the scien-
tists to explain why and how the target is moving and why the user 
cannot expect to obtain one single and lasting answer. Communication 
between the user and the scientist has thus become crucial. Swedish 
research on the impact of climate change on design floods for dams is 
therefore carefully monitored by a special committee with representa-
tives from the dam safety authority, the power industry, the mining 
industry and the Swedish Meteorological and Hydrological Institute. 
The task of the committee is to analyse and discuss new results and 
to recommend how climate change should be accounted for in future 
design studies. This will have a strong impact on the future design of 
dams and also on physical planning along the shorelines in Sweden, as 
the same flood criteria are used for flood risk mapping.

The prospect of a changing climate and the ensuing 
uncertainty related to the validity of dam safety 
criteria necessitates a new strategy in dam safety 
assessments. It is more than ever before important to 
be cautious and to add extra margins in the design. 
This may not be so expensive compared to the costs 
of doing this afterwards, when a project is completed. 
Another key concept is flexibility. It is very likely 
that future findings on climate change will force us 
to reconsider some of our basis for design at a specific 
site. Flexibility means that a project is designed so 
that it can be modified technically in the future if this 
is found necessary.

Decision under uncertainty is not a new problem 
for the power industry. About 100 years ago the large 
scale Swedish development of hydropower was started 
by the decision to build the Porjus hydropower plant 
in the roadless wilderness of the far north. Little was 
known about river flow and even the mapping of the 
water divides was incomplete. Nevertheless the engi-
neers of those days managed to develop hydropower 
resources to the point where today they cover almost 
half of the nation’s consumption of electricity. This 
has, of course, required a strategy of successive adop-
tion to new conditions and data. Today the power 
industry has to face another source of uncertainty; that 
of climate change. This new situation is difficult in 
many respects, but considering the challenges faced by 
the engineers of the early 1900s, it has to be regarded 
as manageable.1 

A special committee comprising the dam safety authority, the power industry, the mining industry and the SMHI, monitors the impact of climate change on design 

floods. This will have a strong impact on the future design of dams in Sweden

Im
ag

e:
 S

te
n 

B
er

gs
tr

öm
, S

M
H

I

Climate network for disaster mitigation:  
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Climate network for disaster mitigation: 
lessons learned and future directions 

Dr N. H. Saji and Dr W. J. Lee, APEC Climate Center, Korea

Hydrometeorological disasters account for the majority 
of the world’s natural disasters, and continue to infl ict 
human suffering and economic loss around the globe. 

Underdeveloped or developing countries are especially vulner-
able to climate disasters, as exemplifi ed by the case of Cyclone 
Nargis, which caused landfall in Myanmar in May 2008. With 
140,000 estimated casualties, Nargis ranks as the deadliest 
natural disaster on record in Myanmar. However, even the most 
advanced countries may suffer setbacks from climate disas-
ters, as clearly demonstrated by Hurricane Katrina, which hit 
Louisiana and Mississippi at the end of August 2005, killing 
1,300 people and forcing 1.5 million out of the affected areas.1

It is a matter of great concern that global economic losses associ-
ated with extreme weather and climate events are on the rise. Even 
more alarming is the signifi cant increase in the average number 
of hydrometeorological disasters in recent decades. For example, 
the average hydrometeorological disasters reported for 1987-1998 
amounted to 195. For the years 2000-2006, this average increased by 
187 per cent to 365.2 Such climatic catastrophes impact developed 
nations as well as developing ones, albeit in different ways. It is true 
that the number of fatalities in the developed world, where warning 
systems are more sophisticated and effective, is disproportionately 
smaller than that in developing countries. On the other hand, the 

absolute magnitude of economic loss is greatest in the 
developed countries, while its impact is more devastat-
ing and enduring in emerging countries 3  

The worldwide increase of climate-related disasters 
in recent years may herald the dawning of a new era of 
catastrophes. The multiplying population and greater 
concentration of assets in high-risk areas, coupled with 
the potential for even more frequent weather extremes 
due to climate change, portend even more devastat-
ing events in the coming years. One of the expected 
effects of global warming is higher storm, hurricane and 
typhoon intensity. This has been predicted by theory 
and modelling, and supported by empirical data on 
climate change.4 With the ubiquitous trend towards 
globalization, the impacts of these disasters are likely to 
be felt far beyond where they initially hit in an increas-
ingly interdependent world.  

Development of a multi-economy network for 
disaster mitigation 
There is clearly an urgent need for developing and 
implementing coherent risk reduction and adapta-
tion strategies to reduce catastrophic human and 
economic loss in the future. Given that climate knows 

Risk GoveRnance and ManaGeMent

Occurrence of hydrometeorological disasters: 1987-2006 with averages for the periods 1987-1998 and 2000-2006
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the joint real-time operational MME forecasts are the 
US National Aeronautics and Space Administration, 
National Centers for Environmental Prediction, 
International Research Institute for Climate and 
Society and Center for Ocean-Land-Atmosphere 
Studies, Russia’s Hydrometeorological Service and Main 
Geophysical Observatory, Korea’s National Institute 
of Meteorological Research, Korea Meteorological 
Administration and Seoul National University, the 
Japan Meteorological Agency, Taiwan’s Central 
Weather Bureau, China’s Institute for Atmospheric 
Physics and Beijing Climate Center, the Canadian 
Meteorological Center and the Australian Bureau of 
Meteorology. At present APCC operates the world’s 
largest and most extensive operational MME dynamical 
seasonal prediction system. The individual model fore-
casts are statistically post-processed to adjust systematic 
biases before being combined into an optimized multi-
model ensemble forecast. The resultant 3-month rolling 
monthly MME predictions are distributed through the 
APCC website 12 times a year in both deterministic and 
probabilistic formats.   

Capacity building and technology transfer   
One of the important missions of APCC is to enhance 
the capability of member economies to adapt to climate 
extremes in the present and future. To this end, APCC 
organizes training workshops for climate prediction and 
adaptation techniques, as well as climate applications. 
So far, APCC has conducted six training sessions with 
more than 30 participants from approximately 15 coun-
tries on topics related to global and regional climate 
prediction and adaptation. It also has an active visiting 
scientist programme and has hosted 11 scientists from 
7 countries. To facilitate information and technology 
exchange in the APEC region and regional coopera-
tion toward the development of effective early warning 
systems of high impact climate events, APCC and its 
predecessor APCN have been organizing annual APEC 
Climate Symposium (APCS) meetings since 2001. 
The APCS provides a venue for all APCN members to 
exchange information on and assess the current status 
of climate prediction science, in addition to discuss-
ing ideas on improving climate information services 
through collaboration in the APEC region. The sympo-
sia are attended by NHMS and major climate prediction 
and research centres in the APEC region. Major achieve-
ments of the annual symposia include the development 
of an operational MME system for the APEC region 
and the sharing of digital climate prediction informa-
tion with climate prediction and research communities 
worldwide.

Besides these activities, APCC has also actively 
promoted better use of climate information in affected 
sectors throughout the world by facilitating technology 
transfer and implementing an open data and informa-
tion policy. The APEC Data Service,6 established in 
2008, allows registered users to download real-time 
climate prediction and monitoring data for theoretical 

no political or geographical boundaries, and that in a globalized 
economy even local climate disasters have a global impact, it is 
even more imperative to secure close cooperation between nations 
for exchanging information and expertise with the common goal 
of reducing economic loss and human suffering related to extreme 
weather and climate. In recognition of this urgent need, in 1999 
the Asia-Pacifi c Economic Cooperation (APEC) initiated the devel-
opment of a regional climate network for the Asia-Pacifi c region, 
the APEC Climate Network (APCN), with the participation of all 
APEC member economies. APCN is intended as a communication 
channel for the exchange of climate information and technology, 
with a stated mission to reduce adverse impacts of hydrometeor-
ological disasters and to utilize advanced climate information for 
social and economic well-being.5 The APCN consists of 21 national 
hydrometeorological centres in the APEC region and leading climate 
research and prediction centres from around the world. 

The APEC Climate Center (APCC), located in Busan, Korea, 
supports APCN in its mission to enhance the socioeconomic well-
being of APEC member economies. To this end, it utilizes the latest 
science and applies innovative climate prediction technologies by:  
•  Developing a value added reliable real-time climate prediction 

system, using a state of the art multi-model climate forecast 
system with model predictions from member economies  

•  Acting as a centre for climate information with open access for 
member economies

•  Helping to build capacity in member economies for producing 
and using reliable climate products

•  Refi ning methods of utilizing socioeconomic innovation to 
mitigate and adapt to climate variations  

•  Coordinating research toward the development of an APCC 
integrated climate-environment socioeconomic system model.

Climate prediction through the multi-model ensemble                    
APCC aims to produce reliable seasonal predictions for user 
communities, based on a well validated multi-model ensemble 
system (MME). Currently, APCC-MME uses outputs from opera-
tional-mode global climate models of institutes from eight APEC 
member economies. Organizations and institutes participating in 

Organizations and institutes participating in the joint real-time 
operational MME forecasts

Source: APCC
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research and operational climate forecasting. A year later, in 2009, 
APCC launched the Climate Information ToolKit (CLIK),7 a web-
based solution that provides a user-friendly interface for climate 
prediction computations. CLIK is designed to aid users in easily 
retrieving and using climate prediction data and information avail-
able from APCC data servers. Climate forecasters, disaster managers 
and researchers anywhere in the world can log on to this service to 
generate customized climate predictions on seasonal to interannual 
timescales for their regions of interest. The software is expected 
to make a considerable contribution to the early warning and 
management of climate-related disasters, particularly in developing 
countries around the world.

Lessons learned and future directions
The practical importance of climate forecasts for the protection of 
life and property, together with concerns over future environmental 
degradation, has led to the creation of APCC. The most important 
challenge facing APCC is to provide accurate and reliable climate 
information for member economies in the Asia-Pacific region, and 
ultimately to help build capacity in the member economies for 
generating timely and accurate climate predictions. The first vision 
can be achieved by coordinated activities, but the ultimate goal calls 
for a formal and systematic institutional basis. 

To address this challenge, APCC is exploring avenues to extend 
forecast limits to beyond a season, and initiated experimental 
6-month climate predictions. These products, if found to yield reli-
able forecasts, will pave the way for enhanced disaster preparation. 
Another experimental product currently on trial is for global predic-
tion of extreme hydrological drought and flood.

Even though APCC has taken great strides in improving the quality 
of global seasonal forecasts, challenges persist. For instance, it is 
immediately evident once we consider the needs of regional applica-
tions that the current forecast products from global models are often 
inadequate, as their spatial and temporal resolutions are too coarse. 
To bridge this gap between model outputs and end user requirements, 
APCC has developed statistical downscaling expertise; in the near 
future, the Center will develop and implement a suite of user-friendly 

online interactive statistical downscaling tools which will 
leverage the end values of MME outputs.  

Another challenge is related to the utility of current 
technology in forecasting high impact extreme meteoro-
logical events that occur beyond the weather timescale, 
but within the seasonal timescale. Examples of these 
include the prediction of well known intraseasonal varia-
tions or that of unusually active tropical storm, hurricane 
or typhoon seasons in certain years or decades. The 
potential of using high resolution dynamical models and 
empirical techniques to predict extreme climate events 
from the intraseasonal to interannual timescales, such as 
the Madden-Julian Oscillation and its associated clusters 
of high impact weather, will also be a key focus for APCC 
in the years to come.

The years of collective experience within the APCC 
network expose nontrivial gaps in the translation of 
climate information into products that benefit society. 
Much of this is related to the lack of interdisciplinary 
studies that link, for example, how climate information 
can benefit activities planning in important sectors such as 
agriculture, energy, water management and health. APCC 
will expand its products by venturing into various indus-
trial sectors including agricultural and water management.

The spectre of a changeable and changing climate 
leading to more intense storms, hurricanes and 
typhoons, increased flooding, droughts, heat waves 
and other extreme climate and weather events raises 
concerns about the vulnerability of present and future 
societies to climate-related catastrophes. It is not only 
the poorer countries that are likely to suffer the most. 
In an increasingly interconnected world, the most 
developed are equally vulnerable. The climate network 
fuelling APCC is a positive and fruitful example of 
cooperative initiatives that both developed and develop-
ing economies can undertake in implementing effective 
adaptation strategies against climate-associated risks. 

Participants at the 2008 APCC workshop on ‘Regional climate predictions using statistical downscaling’
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Preparing for climate change by 
reducing disaster risks 

Reid Basher, Special Advisor to UN Assistant Secretary-General for Disaster Risk Reduction, 
International Strategy for Disaster Reduction Secretariat

It is now well accepted that climate change will lead to greater 
extremes in weather conditions such as heat waves, intense rain-
falls and severe droughts, and that – all other things being equal 

– disaster occurrence will increase as a result. Indeed, there are 
growing signs from disaster databases, as well as from field reports 
of development and humanitarian organizations, that this trend is 
already underway. 

However, ‘all other things’ are not in fact equal. Firstly, disasters owe 
as much, if not more, to the socioeconomic factors that expose us 
and make us vulnerable to the weather and other natural hazards. 
Denuded hillsides, settlements on flood plains, poor housing, inad-
equate preparedness and early warning – factors such as these are 
what exacerbate the risks we face and lead to more disasters each 
year. Secondly, and conversely, there is currently an upsurge in aware-
ness of, and commitment to, reducing disaster risks and preparing 
for climate change, which if successful will reduce countries’ expo-
sure and vulnerabilities, as well as lower the impacts of more extreme 
weather in the future. 

We should not, therefore, focus exclusively on the hazard component 
of the problem and on the extremes. Instead, we should use the opportu-
nity to grapple seriously with the interconnected issues involved, and to 
achieve a triple win, as advocated by UN Secretary-General Ban Ki-moon, 
of adapting to climate change, reducing disaster risks and losses, and 
strengthening development outcomes and poverty reduction.1

Characteristics of disaster risk 
Disasters span a wide range of phenomena, from short-
term events such as tornados, earthquakes, tsunami, heat 
waves, tropical storms and floods, to longer-term and 
episodic conditions of drought and wild land fire. From 
1991 to 2005, 3,470 million people were affected by disas-
ters, 960,000 people died, and economic losses stood at 
USD1,193 billion.2 Averaged over the last two decades 
(1988 to 2007), 76 per cent of all disaster events were 
hydrological, meteorological or climatological in nature; 
these accounted for 45 per cent of deaths and 79 per cent of 
economic losses caused by natural hazards.

Levels of disaster risk vary widely around the world 
and across different communities. Poor countries and 
communities are most affected, owing to intrinsic vulner-
abilities to hazards and comparatively low capacities for 
risk reduction measures. For example, while Japan and 
the Philippines have roughly equivalent population expo-
sure to tropical cyclones, death rates in the Philippines 
are 17 times greater than in Japan. Bangladesh, China and 
India, each heavily populated, account for 75 per cent of 
the global mortality risk from floods. Small countries are 
also particularly vulnerable – Grenada’s losses of USD919 
million as a result of Hurricane Ivan in 2004 were equal to 
2.5 times its gross domestic product. 

In launching the Global Assessment Report on Disaster 
Risk Reduction,3 UN Secretary-General Ban Ki-moon said 
that disaster risk is rising in an alarming way, threatening 
development gains, economic stability and global security 
while creating disproportionate impacts on developing 
countries and poor rural and urban areas. The report draws 
attention to the growth of repeated disasters for some 
communities – especially across low- and middle-income 
countries – which is having a debilitating cumulative effect 
on livelihoods and assets. In one multi-country study, the 
damage to housing from persistent, low intensity events has 
quintupled since 1980. 

Action to reduce disaster risks
As a result of growing concern about disaster risks, 168 
governments met in Kobe in January 2005 and adopted 
the ‘Hyogo Framework for Action 2005-2015: Building the 
Resilience of Nations and Communities to Disasters’, as a 
roadmap for achieving a substantial reduction of disaster 
losses by 2015.4  

Risk Governance and Management

Research and monitoring has shown major shrinkages of glaciers and resulting 

changes in the seasonal river flows, a new challenge for downstream communities
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the increases in vulnerability of communities to natural 
hazards. Climate change will add yet another stress to those 
of environmental degradation and rapid unplanned urban 
growth, further reducing communities’ abilities to cope with 
even the existing levels of weather hazards.

The Intergovernmental Panel on Climate Change 
(IPCC) estimates that by 2100 the global average surface 
air temperature will increase by 1.1 to 6.4ºC and the global 
average sea level will rise between 18 and 59 centimetres.7 
It is very likely that heat waves and heavy precipitation 
events will continue to become more frequent, and there 
will be more precipitation at higher latitudes. It is likely that 
tropical cyclones (typhoons and hurricanes) will become 
more intense, and that precipitation will decrease in most 
subtropical land areas.

It is impossible to be completely certain about the disaster-
related implications of these physical changes, for several 
reasons. Firstly, there is considerable intrinsic uncertainty 
in climate projections, especially for local scales of interest. 
Secondly the occurrence of individual extreme events is very 
random in character. Thirdly, the nature of societal exposure 
and vulnerability to particular extreme conditions is both 
diverse and rapidly changing. Nevertheless, decisions and 
planning must go ahead, irrespective of these uncertainties. 

IPCC provides extensive information on the impacts of 
climate change and there is plenty of information on the 
processes of historical disasters.8 By extrapolating past expe-
rience to the conditions projected by IPCC – and in the 
absence of measures to reduce disaster risks – the likely 
consequences can be estimated in general terms as follows: 

More heat waves – will increase the number of deaths, 
particularly among the elderly, the very young, or among 
people who are chronically ill, socially isolated or otherwise 
especially vulnerable. 

Increased drought in some regions – will likely lead to 
land degradation, damage to crops or reduced yields, more 
livestock deaths, and an increased risk of wildfire. Such 
conditions will increase the risks for populations depend-
ent on subsistence agriculture, through food and water 
shortage and higher incidence of malnutrition, water-borne 
and food-borne diseases, and may lead to displacements of 
populations.

Increased frequency of high precipitation in some regions 
– will trigger floods and landslides, with potentially large 
losses of life and assets. These events will disrupt agricul-
ture, settlements, commerce and transport and may further 
increase pressures on urban and rural infrastructure.

Increases in the number and intensity of very strong cyclones 
– will affect coastal regions, with potentially large additional 
losses of lives and assets.

Sea-level rise, coupled with coastal storms – will increase 
the impacts of storm surge and river flooding and damage 
livelihood systems and protective ecosystems. Low-lying 
settlements may become unviable, which may result in 
increased potential for movement of population and loss 
of infrastructure.

Higher temperatures and melting glaciers – may cause 
glacial lake outbursts that could flood downstream 
settlements. 

The framework sets out five priorities for action:
• �Ensure that disaster risk reduction is a national and local priority with 

a strong institutional basis for implementation
• �Identify, assess and monitor disaster risks and enhance early warning
• �Use knowledge, innovation and education to build a culture of safety 

and resilience at all levels
• �Reduce the underlying risk factors (this covers the many environmen-

tal and societal factors that create or exacerbate the risks from natural 
hazards)

• �Strengthen disaster preparedness for effective response at all levels.

The expression ‘disaster risk reduction’, like that of ‘adaptation’, repre-
sents an abstract strategic and policy goal but tells little of what needs to 
be done in practical terms to address these priorities.5 Fortunately, there 
is vast knowledge on what to do and many solutions and examples of 
good practice are available. 

In developed countries particularly, there are well-established secto-
ral risk reduction and risk management efforts, the success of which is 
reflected in much lower death rates and lower relative economic losses. 
A number of developing countries have also made excellent progress in 
implementing policies that have cut loss of life especially. 

Globally, the issue of disaster risk reduction is coordinated through the 
United Nations International Strategy for Disaster Reduction (UNISDR) 
and the biennial sessions of the Global Platform for Disaster Risk 
Reduction. This platform comprises a broad selection of stakeholders in a 
forum, which provides a strong mechanism for guiding worldwide action 
to reduce disaster risks and to reverse the growing losses from disasters. 

At the second session in June 2009, political leaders highlighted that 
reducing disaster risk is critical to managing the impacts of climate 
change and to avoiding an erosion of social and economic welfare.6 While 
there has been a dramatic increase in political will in all regions to address 
disaster risk, and significant progress has been achieved since the Hyogo 
Framework for Action was launched in 2005, it was agreed that greater 
urgency and a major upscaling of effort is required to address the factors 
that are driving the current increases in disaster risk. 

Climate change and disaster risk
Climate change will affect disaster risks in two ways: firstly through 
the increase in weather and climate extremes, and secondly through 

Education is critical to providing the knowledge and tools that communities need 

to manage their risks from weather events, climate change and other hazards
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The populated deltas, small island states, Africa generally, and the 
Arctic region have been identified as the most vulnerable regions.

New insights into climate change impacts and their management are 
expected from the planned IPCC Special Report on Managing the Risks of 
Extreme Events and Disasters to Advance Climate Change Adaptation.9 
Proposed by UNISDR and the Norwegian government in 2008, the report 
will provide an authoritative assessment of disaster risk reduction and 
management policies and practices, including their effectiveness and 
costs, and thereby a sounder basis for action on adaptation and disas-
ter risk reduction. Its preparation by the IPCC will involve hundreds of 
experts worldwide and will be completed by mid-2011. 

Disaster risk and the UNFCCC process
The Parties to the United Nations Framework Convention on Climate 
Change (UNFCCC) now recognize that existing knowledge and capaci-
ties for coping with extreme weather events must be harnessed to adapt 
to climate change. The Bali Action Plan’s directions for adaptation call 
for the consideration of: 
• �Risk management and risk reduction strategies, including risk sharing 

and transfer mechanisms such as insurance
• �Disaster reduction strategies and means to address loss and damage 

associated with climate change impacts in developing countries that 
are particularly vulnerable to the adverse effects of climate change.10 

The Bali Action Plan also calls for vulnerability assess-
ments, capacity building and response strategies, as well 
as integration of actions into sectoral and national plan-
ning. These points, together with specific reference to 
the Hyogo Framework, are now part of the draft text 
that negotiators are considering in preparation of a new 
international agreement, to be settled in Copenhagen in 
December 2009. 

For its part, the UNISDR secretariat supports the 
UNFCCC processes by convening processes to provide 
ISDR-wide coordinated submissions to UNFCCC 
Parties on disaster risk issues and practical adaptation 
methods and by assisting disaster risk reduction experts 
to accompany their national delegations to UNFCCC 
meetings. It also organizes partner side events at these 
sessions and encourages links between adaptation and 
disaster risk reduction groups in countries. 

Building data foundations for adaptation and disaster 
risk reduction
At the local scales where local governments, enterprises 
and communities mostly operate, climate projections 
are very uncertain. Effective adaptive action therefore 
remains highly dependent on the available foundations 
of historical climate data and analysis. Risk assess-
ments, early warning systems, sector risk management, 
insurance tools, and public education, for example, all 
rely on such factual information. The patterns of past 
climatic variability, over time and across local geograph-
ical features, are essential to interpret the global model 
projections and to generate future climate scenarios for 
testing different decision options.

Most developed countries are well equipped for the 
task: having national monitoring networks, databases 
of historical data and good analysis capabilities. In some 
cases, however, the effective use of these national resources 
is unduly restricted by shortsighted user-pays policies. 

The situation for developing countries is generally 
much less satisfactory. Many have inadequate networks, 
fragmented historical data resources, and minimal capac-
ities to maintain networks and databases or to carry out 
analysis and advisory services. Given that developing 
countries are predominantly those most affected by 
disasters and will be most affected by climate change, it 
is imperative that substantial new resources are put in 
place to aid the development of their climate informa-
tion capacities. 

The issue of vulnerability to natural hazards and disas-
ter risks will remain central to the discussions leading to 
the UNFCCC Conference of Parties in Copenhagen in 
December 2009. While climate change undoubtedly will 
increase the hazard threat, it will also raise awareness of 
disasters and galvanize commitment to action against their 
root causes. Immediate action conducted under the guid-
ance of the Hyogo Framework will make societies safer. 
With the support of science, it is possible to simultane-
ously provide adaptive capacity, increase resilience to future 
threats, and reduce the current unacceptable and growing 
levels of disaster risk. 

Political commitment to cutting disaster risks is growing – the 2009 Global Platform for 

Disaster Risk Reduction attracted heads of state and governments to tackle the problem
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The monitoring networks and analysis centres of the Japan Meteorological Agency keep 

track of multiple hazards and provide timely warnings to those at risk
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Coping with drought in Slovenia  
Drought Management Centre for Southeastern Europe

Drought is a normal, recurrent feature of climate. It occurs 
in virtually all climatic zones, although its characteristics 
vary from region to region. One way in which drought differs 

from other natural disasters is that it is difficult to ascertain onset 
and duration because consequences accumulate slowly and over a 
long period of time. However, drought phenomenon receives close 
attention due to its impact on both economy and society. 

Slovenia is situated in a region with favourable climate and rich water 
resources. Agriculture, which is the sector most vulnerable to the 
impact of drought, contributes only a few per cent of gross domestic 
product. This is the ‘big picture’, but problems appear when one looks 
at the details. Agriculture does not contribute a lot to the economy 
from a financial perspective, but it keeps the countryside populated 
and prevents migration to the cities. It supplies a basic income to many 
socially underprivileged people, whilst also providing business and 
job opportunities to more inventive farmers. Regardless of their back-

ground, farmers are among those that are most exposed to 
unfavourable weather, including drought.

Many characteristics of drought occurrence in 
Slovenia are shared with neighbouring countries in 
the region. Southeastern Europe comprises Albania, 
Bosnia and Herzegovina, Bulgaria, Croatia, the Former 
Yugoslav Republic of Macedonia, Greece, Hungary, 
Montenegro, Moldova, Romania, Serbia, Slovenia and 
Turkey. Frequent occurrences of drought impacts 
reveal areas where natural resources are probably not 
managed in a sustainable manner – at least not in the 
warm season. Southeastern Europe is not affected as 
severely as some parts of the world, but there is a long 
history of drought in the region, and these events will 
continue to occur in the future, possibly with increas-
ing impact, because of predicted climate change and 
increasing climate variability.

Risk Governance and Management

Drought is among the most harmful natural disasters. Parts of Europe are exposed to the risk, although it is not as severe as in regions with semi-arid climate. 

Irrigation is among possible mitigation measures
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land’s natural potential in regions that are not adjusted 
to water scarcity. Drought’s consequences accumulate 
slowly and over long periods of time. 

In general there are four different types of drought: 
meteorological, agricultural, hydrological and socio-
economic. Each type requires an adjusted approach to 
monitoring. Meteorological drought is defi ned by the 
level and duration of precipitation defi cit. Agricultural 
drought refers to situations with insuffi cient soil mois-
ture levels to adequately nourish crops during the 
vegetation period. Soil moisture levels and consequent 
severity of agricultural drought are related not only to 
precipitation defi cit but also to the difference between 
actual and potential evapotranspiration. The actual 
water requirement depends on the weather situation 
(temperature, relative humidity, wind, global radia-
tion), the biological structure of the plant and soil type. 
Hydrological drought occurs after a longer period of 
precipitation defi cit, usually after meteorological and 
agricultural drought. Socioeconomic drought occurs 
when water defi ciency starts to affect human life. It 
connects economic standards with elements of mete-
orological, agricultural and hydrological drought. 

Defi ning drought is a complex task due to the variety of 
infl uencing factors. The process should allow for differ-
ences in regions, needs and disciplinary perspectives. The 
absence of a single and universal defi nition of drought 
makes it diffi cult to determine onset and duration. It is 

So how do we cope with drought? By the improvement of existing 
early drought-detection monitoring systems and the establishment 
of new ones, as well as the application of an approach to deploy 
sustainable agricultural practices, achieve sustainable forest manage-
ment and stop biodiversity loss. To achieve this goal awareness and 
preparedness must be strengthened by training and technology 
transfer, in order to increase the knowledge base. Since drought is 
a regional phenomenon with diverse and complex impacts at the 
local level, appropriate mitigation and responses must also be locally 
based. However, the development of appropriate action and poli-
cies can be facilitated through the collaboration of countries in the 
region that share similar problems. This idea led to the establish-
ment of the Drought Management Centre for Southeastern Europe 
(DMCSEE).1 Slovenia was entrusted with the organization of the 
centre. Its mission is to coordinate and facilitate the development, 
assessment and application of drought risk management tools and 
policies in Southeastern Europe, with the goal of improving drought 
preparedness and reducing impact. 

Monitoring drought
Drought is usually defi ned as a naturally occurring phenomenon 
resulting from precipitation being significantly below normal 
recorded values, causing serious hydrological and agrological 
imbalances that adversely affect land resource production systems. 
Drought is a temporary aberration – unlike aridity, for example, 
which is a permanent feature of the climate. Seasonal aridity, which 
is to say a well-defi ned dry season, also needs to be distinguished 
from drought. Often long-lasting drought causes deterioration of the 

Estimation of drought impact of a small region in western Slovenia

An attempt to assess the categorical vulnerability to drought impact of a small region in western Slovenia. Estimation of vulnerability and risk is not a well 

defi ned, straight-forward process. One possible approach is to combine various factors that infl uence risk

Source: University of Nova Gorica
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not possible to monitor the development of drought using a single 
meteorological parameter. The most frequently adopted solution to 
this problem is to combine various parameters into drought indicators, 
which at least enable us to follow its developing characteristics.

The World Meteorological Organization defines a drought index 
as: ‘an index which is related to some of the cumulative effects of 
a prolonged and abnormal moisture deficiency’. A drought index 
should meet several basic criteria: 
• �The timescale should be appropriate to the problem at hand
• �The index should be a quantitative measure of large scale, long-

continuing drought conditions
• �The index should be applicable to the problem being studied
• �An accurate long-term past record of the index should be avail-

able or computable 
• �The index should be computable on a near real-time basis. 

A fundamental mission of the DMCSEE is to integrate these crite-
ria through an effective drought monitoring system, which will be 
able to show regions experiencing drought conditions. In order to 
achieve this goal, DMCSEE is developing a monitoring system that 
is based on a synthesis of multiple drought indices. 

International cross-border cooperation is of great importance, as 
demonstrated by past examples, such as the establishment of an 
international operational weather analysis system. Measurements 
were standardized and a global telecommunications system was 
established. Regional drought monitoring is now facing a similar but, 
due to the complex nature of the problem, even more challenging 

task. Standardization of drought index calculations and 
the establishment of exchange procedures are the first 
logical steps for regional networks such as DMCSEE. 

Vulnerability and risk assessment
One of the main aspects of drought mitigation and 
planning is the assessment of vulnerability, which 
is the essential ingredient of valid risk assessment. 
Understanding of the hazard and the factors that 
influence vulnerability must be improved in order 
to increase our ability to reduce drought impact. 
Estimation of vulnerability to the impact of drought 
lacks standardization, but fortunately several tools 
and methodologies are available to counter this. 
The US National Drought Mitigation Centre’s How 
to Reduce Drought Risk2 document guides the reader 
through step-by-step procedures that result in iden-
tification of drought impacts, vulnerabilities and 
their underlying causes. Additional information can 
be obtained from the results of the MEDROPLAN 
project.3 The project resulted in the publication of 
drought management guidelines, which define a 
methodology for risk assessment in order to improve 
water management and introduce proactive planning. 
A similar approach is followed in further attempts at 
risk assessment in Italy4 and Hungary.5 

The intention is to develop a methodology for 
regional drought risk assessment for Southeastern 
Europe together with our partner institutions 
based on the above mentioned examples. However, 
Slovenia, in common with many countries and insti-
tutions in the region, has taken initiatives to prepare 
a draft risk assessment of drought impact. Agriculture 
is the logical choice to start with due to its high expo-
sure to water shortages. A combination of different 
approaches to risk estimation has more potential 
than the application of a single method. Analysis 
of drought literature and data availability led us to 
the assumption that a first approximation should be 
made on the basis of two biophysical factors: climate 
and soil type, and two social factors: land use and 
available irrigation infrastructure. 

Implementation of these four factors enabled us to 
produce a draft vulnerability map for a small agricul-
tural region in western Slovenia. Negative impacts were 
assessed with the help of interaction matrices – a tool 
which is frequently implemented for examining envi-
ronmental vulnerability. Interaction matrix methods 
allow more control and tuning of combinations of 
impact factors than traditional approaches, such as 
weighted linear combination. This feature is important 
for areas where many unfavourable factors interact and 
cause increased risk of drought impact. It is important 
that final analysis delineates such areas and informs 
users of increased risk. 

Site and country-specific studies are useful and neces-
sary for understanding the potential impact of drought, 
to assess vulnerability, and to develop useful drought 
vulnerability mitigation and adaptation strategies.

Severe drought impacts, which have occurred frequently in Slovenia in recent 

decades, are raising concerns
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Heat health warning systems — an important 
tool for adaptation to climate change 

Paul Becker, Christina Koppe, Deutscher Wetterdienst

Heat waves are an emerging public health problem in many 
parts of the world. As an example, the 2003 heat wave in 
Western Europe – which caused over 35,000 fatalities – 

clearly showed the danger that can arise from a long lasting heat 
load. France suffered 16,000 of these deaths, with Germany also 
affected. There are no mortality data for the whole country, but in 
South West Germany (Baden-Württemberg) alone it was estimated 
that the summer of 2003 caused between 1,200 and 1,400 heat-
related deaths. 

In its Fourth Assessment Report the Intergovernmental Panel on Climate 
Change has stated that it is very likely that the frequency of heat waves 
will increase over most land areas and that this will lead to an increased 
risk of heat-related mortality – especially for elderly, chronically sick, 
very young and socially isolated people.1

As a consequence some countries have implemented a heat health 
warning system (HHWS). Such systems use weather forecasts to predict 
heat episodes that are (or have been during the calibration period) 
associated with an increase in morbidity and/or mortality in the target 
population. The essential roles of HHWSs are: identifying weather situ-
ations that adversely affect human health; monitoring weather forecasts 
(meteorological component); implementing mechanisms for issuing 
warnings in case such a weather situation is forecast (communication); 

and promoting public health activities to prevent heat-
related morbidity and mortality (public health component).2 
The development of HHWS requires several decisions to 
be taken and is also based on restrictions concerning the 
available data, the required accuracy and lead time of the 
meteorological forecasts and the organizational structure in 
which the HHWS has to be embedded.

The core piece of the meteorological component of an 
HHWS is the heat indicator, which aims at identifying heat 
episodes with adverse effects on human health. The heat indi-
cator can either be a single meteorological parameter (with 
one or a few parameter indicators) such as daily maximum air 
temperature, or can consist of several meteorological param-
eters that are combined into a thermal index (with multiple 
parameter indicators) or used to identify air masses. The indi-
cator or air mass has to be related to human health impacts. 
One possibility is to establish a relationship between historical 
morbidity and/or mortality data and the warning indicator. In 
order to be able to determine this relationship several years of 
daily morbidity or mortality data are necessary. This can be 
a problem in many countries. In addition, a relationship that 
has been established based on historical health and meteoro-
logical data may not be valid in the future. 

Another way is to use a heat indicator based on a ther-
mophysiological model of the human body. Such indicators 
have a physiological meaning and are able to assess the level 
of thermal stress to which a human body is exposed. They 
are therefore also suited for regions where no health data is 
available to establish the heat health relationship. 

Once it is decided which kind of heat indicator to use 
for an HHWS the threshold on which a warning or alert is 
issued has to be defi ned. The aim is to determine at which 
point heat stress conditions become ‘suffi ciently hazard-
ous’ to human health in a given population to warrant a 
warning.3 The defi nition of suffi ciently hazardous depends 
strongly on the target population of an HHWS and the way 
the warning is communicated. Therefore, the meteoro-
logical component of an HHWS cannot be fi xed without 
defi ning the communication and public health component. 
A system that is targeted at the general public needs to meet 
other requirements than a system that directs the warning 
only to elderly persons living in nursing homes. 

Germany’s HHWS is based on the DWD (national meteor-
ological service in Germany) weather forecast in combination 
with an approach which combines a complete heat budget 
model with short-term adaptation to the thermal envi-

Risk GoveRnance and ManaGeMent

Excess mortality and thermal stress

Total mortality rate per 100,000 inhabitants in Baden-Württemberg and 

Perceived Temperature values at 06 UTC (PT06) and 12 UTC (PT12). The 

mortality increase in March 2003 was probably due to an infl uenza epidemic

Source: DWD
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ronment of the last few weeks. This means that human adaptability to 
continuously changing weather conditions, and thus the variability of the 
regional climate, is taken into account. It is important to consider short-
term adaptation because the human body reacts differently to its thermal 
environment due to physiological adaptation (short-term acclimatization), 
which augments the effi ciency of the thermal regulatory system and thus 
reduces the thermal load effectively acting on an individual. In addition to 
this, short-term behaviour-based adaptation – such as changing clothes 
– can reduce the thermal stress acting on the individual. Therefore, epide-
miological studies fi nd lower thresholds for which heat affects human 
health in colder climates than in warmer climates, as well as for the begin-
ning of the summer season compared with the end.

DWD calculates the ‘perceived temperature’ in order to assess the 
thermal environment of the human being. The perceived temperature is 
determined through a simple heat budget model of the human organism, 
which includes the main thermophysiologically relevant mechanisms of 
heat exchange with the atmosphere. The most important meteorological 
parameters included in the model are: air temperature, humidity, wind 
speed and radiation fl uxes in the short-wave and long-wave ranges. The 
short-term adaptation approach is then used to adjust the threshold upon 
which a warning is issued. This depends on the meteorological situation 
of the past few weeks within a certain range. The thermal load category is 
then determined with the perceived temperature forecast for 12 UTC used 
for the evaluation of heat and the perceived temperature forecast for 06 

Heat-related mortality comparisons

Heat-related mortality in comparison to the expected total mortality rate (all age 

groups) for different thermal load categories in Baden-Württemberg (1968 – 2003)

Source: C. Koppe, 2005

UTC used to determine cold. During situations with at least a 
moderate heat load (cold stress) total mortality is signifi cantly 
increased.4 In order to avoid too many warning situations 
per year in Germany, a heat warning is issued if a strong or 
extreme heat load is forecasted – where a mortality increase 
of more than 10 per cent is expected.

As well as the daytime heat, the HHWS in Germany also 
takes night-time air temperature into account. A warning 
will only be issued if the night-time temperature does not 
fall below the 95th percentile. This additional criterion was 
included because the main target of the German HHWS 
is the elderly living in nursing homes. Therefore, it is 
important to include an indicator for the nocturnal cooling 
potential of indoor conditions. To get a better indication 
of the indoor environment a thermal simulation model for 
buildings was also added. This information is considered 
before the biometeorologist decides whether or not to issue 
the heat warning suggested by the model. The warning is 
then disseminated via the internet to the general public and 
by email and fax directly to care homes – as well as to the 
health authorities of the Bundesländer, who may decide to 
place it on the radio and TV programmes of the public chan-
nels. The advice given during a warning depends on the 
local health authorities, but targeted advice is usually given 
to the general public and to institutions that take care of the 
elderly or disabled, such as nursing homes. An evaluation 
of the HHWS in the State of Hessen has shown that hospital 
admissions due to heat related disorders from nursing home 
inhabitants have decreased signifi cantly since the introduc-
tion of the HHWS.5

A precondition for the optimization of a HHWS is that 
the system is adapted to national, regional and local require-
ments. These can differ in space and time, even when only 
considering the meteorological component. Therefore, it 
would be wrong to conclude that one system is superior 
to another. Countries that plan to implement or revise a 
HHWS have to follow local needs.

Heat advice for the general public 
and for nursing home staff

Advice to general public:
• Wear light, loose-fi tting clothes
• Drink at least 2-3 litres of water a day
• Avoid alcohol and drinks with caffeine
• Eat only light meals
• Avoid strenuous physical activity 
• Stay in the shade
• Wear a hat
•  Restrict physical outdoor activities to early morning or evening
• Do not waste water.

Advice for nursing home staff:
•  Check room temperatures and if necessary try to cool the room 
•  Take care that patients drink suffi cient water or other liquids 

that contain suffi cient minerals in order to avoid dehydration. 
Be aware that some patients need to be helped to drink

• Check clothes and blankets
• Look for signs of dehydration or other illnesses
•  Reguarly check those who can’t care for themselves. Make a 

drinking plan and measure body temperature if necessary
• Call the GP immediately if health status deteriorates.
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Climate data and information for a  
multi-sectorial vulnerability analysis 
Markku Rummukainen and Lars Bärring, Swedish Meteorological and Hydrological Institute

Modern society is sensitive to weather and climate 
events. This is very much evident in the developing 
regions of the world, but is equally the case in indus-

trialized countries as well. 

Society should be familiar with handling climate variability, but this 
does not always appear to be the case – as is evident in the aftermath 
of an extreme event such as a strong storm, hurricane or typhoon, or 
a major heat wave, flooding or drought episode. When assessing the 
damage, questions on what could have been done to prevent or miti-
gate the impact are inevitably raised. Often, the answers reveal that a 
number of measures could have been taken to decrease vulnerability 
to and, by extension, the impacts of such extreme events. 

One reason for such ‘forgetfulness’ is the intermittent character of 
extreme events. A long time might elapse from one extreme event 
to the next, during which time society changes, our perceptions 
evolve and the collective memory of an extreme event fades away. 
However, there are ways of systematically factoring in the risk of 

extreme events to decision processes, whether we have 
a fresh experience reminding us, or not.

Today, the prospect of growing climate change adds 
to the need of addressing vulnerability, not least in order 
to guide decisions aimed at reducing exposure to climate 
variability and at enabling informed climate adaptation.

This article describes recent activities in Sweden 
involving climate data support for multi-sectorial 
societal vulnerability analyses, designed to improve 
knowledge on climate adaptation needs, as well as 
provide recommendations for policy and practical 
measures. In particular, this article explores the scien-
tific basis of the activities of the Swedish Commission 
of Climate and Vulnerability between 2005 and 2007.

The Swedish Commission of Climate and 
Vulnerability
The Commission of Climate and Vulnerability was 
established by the Swedish Government in 2005. It was 
tasked to provide a broad assessment of the vulnerabil-
ity of Swedish society to extreme weather and water 
events, and climate change. In addition to studying 
hydrometeorological conditions, the commission maps 
possible regional and local impacts, calculates related 
costs and benefits, and proposes measures to deal with 
such events. The measures proposed include: technical 
solutions, legislation changes, insurance frameworks, 
research needs and adapted organizational arrange-
ments at national, regional and local levels. The 
Commission reported in two stages, the first analy-
sis focussed specifically on conditions around two of 
the large lakes of Sweden – Vänern in the west and 
the Hjälmaren-Mälaren system in the east. The final 
analysis covered a multitude of sectors: communica-
tions, technical support systems, developments and 
buildings, rural businesses and tourism, the natural 
environment and environment goals and human health. 
Furthermore, some socioeconomic analyses and consid-
erations of global influences were made.

As a basis for the Commission’s analyses, scientific 
input in the form of a collection of regional climate 
scenarios, supported by tailored analyses, was solic-
ited and subsequently provided. Importantly, these 
provisions were made during an extensive researcher/
stakeholder dialogue. The latter came from authori-
ties, county and municipal administrations, trade and 

Risk Governance and Management

The Slussen region in central Stockholm. Water channels are a crucial element of 

Stockholm’s infrastructure. They channel water out to sea, preventing flooding, and 

stop saltwater from intruding the freshwater systems upstream
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Climate indices are tailored communications of often 
complex climate-climate impact relationships. As a 
simple example, while mean temperature can provide 
information on heat waves, a more useful measure is a 
statistic on the number of days during which a thresh-
old heat wave temperature is exceeded. The possibilities 
of enhanced climate information provision are almost 
endless, as the sensitivity of a specific system can focus 
on factors including exposure time, threshold levels of 
event intensities and episode frequency. In some cases, 
the relevant phenomena also relates to other climate 
aspects. For example, the coldness of a winter could have 
a direct relation to the risk of insect damage to forestry 
during the next summer.

Knowledge dialogue
The Commission’s main efforts were divided across four 
working groups, each with representatives from differ-
ent sectors:
• Agriculture, forestry and natural environment 
• Health, water resources and water quality 
• Technical infrastructure and physical planning
• Flooding and issues related to the large lakes. 

General research information was provided through 
workshops on: the physical basis of climate change; 
climate modelling as a research method; and general 
global and regional climate change scenario results. After 
this, meetings were organised within each working group 
to elaborate on more specific information needs and 
possibilities of provision. The idea behind this approach 

industry, as well as researcher communities and organizations. This 
interaction led to a more efficient and informative efforts, as well as 
nurturing a mutual learning experience. 

Climate data as decision support
Typically, the basis for decisions involving weather, water and 
climate sensitive scenarios has been data or experience derived from 
past events. However, proper statistical analysis can further extend 
available data into a more complete picture of the probable occur-
rence of various conditions such as: return periods (for example, 
extreme flooding or heavy precipitation); or the magnitude of a 
100-year event. Complementary information can be gained from 
reanalyses, where the data is restricted to short periods. In order 
to probe possible future conditions, climate change projections 
and scenarios calculated with global climate models must be used. 
Unfortunately, in general the resolution of such models is still insuf-
ficient, with much of the regional and more or less all local detail 
being lost. This calls for regionalization by means of statistical (use 
of empirical relationships between large scale and regional/local 
conditions) or dynamical downscaling (regional climate modelling).

For use in the Commission’s work, the Swedish Meteorological 
and Hydrological Institute provided a number of regional climate 
projections. Such information typically consists of basic climate 
data such as temperature, precipitation, cloudiness and so forth, 
summarised into annual, seasonal or monthly means. While such 
averages provide useful, general climate information, as well as indi-
cations of possible change in the future, they are often not specific 
enough for many applications. Instead, what is needed is the trans-
lation of climate information into forms that more directly relate to 
specific impacts. It was this idea that inspired the construction of 
the ‘climate indices’. 

Stockholm is situated where the inland lake system Hjälmaren/Mälaren and the Baltic Sea meet and is thus vulnerable to impacts from changes in hydrology
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was to refine basic climate data into indices under the sector catego-
ries already described. In some cases, sectorial stakeholders did not 
possess knowledge of crucial phenomena, while in other instances the 
information needs exceeded the availability, or reliability, of climate 
modelling results. However, these problems were successively over-
come, with the groups eventually defining 51 different indices. Some 
were relatively simple, such as an index for ‘Frost Days’ (number of 
days with a subzero temperature), while some were quite complex, 
such as ‘Zero-Crossings’ (number of days when the temperature has 
been both above and below zero degrees Centigrade).

Provision of climate index information
After defining the desired climate indices and deciding whether these 
could be meaningfully produced, the data was prepared. The resulting 
amount of information was vast and represented up to six regional climate 
model scenarios for many periods. More than one scenario was used to 
counter, as far as possible, the inherent uncertainty in climate scenarios, 
which is due to future emission scenarios and climate sensitivity to such 
forcing. The need to look at different periods arises from the different 
relevant timescales, depending on the sector and stakeholder. Possible 
timescales included the last so-called ‘climate normal period’ (1961-90), 
the ongoing period (taken as 1991-2005) and successive 30-year periods 
over the 21st Century (2011-2040, 2041-2070, 2071-2100). 

Basic data was provided in the form of prepared maps, available 
both online via a web-interface and on DVD. All in all, the total 
number of maps made was well over 10,000, though a somewhat 
smaller set was eventually used. However, for users wishing to 
access more detailed information, additional provisions were made, 
with extended results available via the Swedish Meteorological and 
Hydrological Institute (SMHI) external website. 

Outcome and outlook
The broader picture painted by the scenario analyses was one of slowly 
changing conditions, towards a warmer and wetter regional climate. 
This was identified by increases in ‘warm’ and/or ‘wet’ indices and 
decreases in ‘cold’ and/or ‘dry’ indices. Crucially, indices on extreme 
conditions – such as intensity of heavy precipitation, gust winds and 
dry spell length – were also included. 

It was important to provide transparent information 
on the underlying climate model capacities. For example, 
even though the simulation of mean temperature is 
relatively insensitive to temperature biases in modelled 
results, the same does not apply to measures that reflect 
specific thresholds – such as the already mentioned 
‘Zero-Crossings’. In addition the climate index concept 
is yet to be evaluated scientifically. Nevertheless, it was 
found that performed analyses did add significantly to 
the climate information required for vulnerability analy-
ses. Perhaps most importantly, the indices served as a 
starting point for stakeholders in thinking about vulnera-
bility to both present day climate variability and possible 
future climate change, in terms that relate practically to 
their sectorial responsibilities and activities. 

The researcher and stakeholder dialogue was a vital 
part of this achievement. In addition to leading to 
refinements of the information, it produced insights for 
both science providers on societal needs and stakehold-
ers on climate impacts, vulnerability and adaptation.

Climate indices are a useful means of providing 
advanced climate data in an enhanced format. This is 
true for scenario information, as well as for observed 
data, where results can be organized into indicators, to 
monitor impact-related conditions.

The main lessons learnt from the multi-sectorial  
societal vulnerability analysis process were:
• �The usefulness of the climate index concept with 

regards to climate impact, vulnerability and, by 
extension, adaptation

• �The importance of involving stakeholders in the 
process of specifying the indices 

• �The importance of managing the underlying and 
refined data efficiently, as well as thoroughly  
planning the ultimate provision of information

• �The importance of creating new ways of using 
climate data in society, especially in the face of a 
changing climate, calling for conclusions and  
decisions to be revisited in the face of fresh data 

• �The importance of being clear about the  
different roles of: the scientist as provider of climate 
information and expert advice on how to interpret 
the information; and the stakeholder as a sectorial 
expert and decision-maker.

Despite the evident benefits of the climate index concept, 
it cannot address all the stakeholder questions and needs. 
Continued development of the concept seems worth-
while. Also, climate indices do not replace the need for 
impact research and applications in many of the sectors, 
to provide even deeper knowledge support for decisions. 
Typically, climate indices are a first step for assessing a 
specific climatic vulnerability, which may be followed by 
more sophisticated impact models. Nevertheless, there 
needs to be a scientific and knowledge-based prepared-
ness of compiling additional tailored climate data. For 
the society, parallel investments on training and raising 
awareness would seem sensible activities. 

Climate event in Sweden. The researcher-stakeholder dialogue is a crucial element 

of climate events, ensuring that information is put to the best use in society
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Infrastructure and disaster risk management 
under changing climate conditions 

Heather Auld and Don MacIver, Adaptation and Impacts Research Division, Environment Canada

Evidence from around the world indicates that the cost of 
weather-related disasters is continuing to increase. While the 
number of lives lost declined over the last 30 years, thanks 

to better disaster preparedness and prevention programmes, the 
number of affected people has increased. Over the last decade, 
those affected by natural disasters through injury, homelessness or 
hunger increased signifi cantly, to average over 200 million people 
annually.1 The largest rises occurred in developing countries. The 
rising losses from hydrometeorological disasters highlight the need 
for meteorological and hydrological services to play an even greater 
role in disaster management.

While large year-to-year variations in the number and intensity of weather 
and hydrological hazards are expected, it is not normal for the resulting 
costs to continue rising signifi cantly. When a natural hazard becomes 
a disaster, this is as much a result of the way that the community does 
business or adapts as it is of the hazard itself. The fact that both insured 
and uninsured losses from weather and water-related disasters have been 

rising rapidly refl ects a failure of communities and society to 
adequately adapt to current climate variability and extremes.

Varied roles for meteorological and climate 
services in disaster management
National Meteorological and Hydrological Services (NMHS) 
and other climate agencies have many roles in disaster risk 
management. There are two windows for action: 
Pre-disaster or risk management planning and prevention 
through: 
• Pillar 1 – disaster risk mitigation/prevention
• Pillar 2 – emergency preparedness
 
Actions imminently before, during and after disasters (crisis 
management) through:
• Pillar 3 – emergency response and relief
• Pillar 4 – disaster recovery and rebuilding

Effective overall disaster management requires coordinated 
and comprehensive integration over all four pillars. In 
most countries, natural hazard policies traditionally focus 
on crisis management that minimizes the impacts during 
a disaster and provides immediate relief and support to 
victims. Although disaster response is important, it can fail 
to address the causes of disaster losses. The World Bank 
has estimated that every dollar spent in preparing through 
pre-disaster or risk management actions saves seven in 
response.2

NMHS are well placed to help reduce weather and water-
related disasters by:
•  Provision of hazard information for community risk 

assessments and land-use planning
•  Improvements to climatic and hydrological design infor-

mation for safer infrastructure and communities
•  Developing environmental prediction and risk 

interpretation products 
• Monitoring to detect hazards and emerging threats
•  Forecasting and timely early warnings for emergency 

response and recovery and rebuilding operations
•  Assistance with risk management education and capac-

ity building.

Risk management measures: targeting risks
There is a saying that ‘forewarned is forearmed’. Klaus 
Töpfer, Executive Director of the United Nations 
Environment Programme (UNEP) said: “When we know 

Risk GoveRnance and ManaGeMent

Global trends in frequency of major natural disasters

Number of great weather and hydrological disasters for each year in the 

EM-DAT database for the period 1900-2005 

Source: EM-DAT, 200618
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and databases of various hydrometeorological hazards along 
with trends and documentation on historical high impact 
events. Events included extreme heat and cold, drought, 
extreme rainfall, blizzards, hurricanes, ice storms, torna-
does, wind storms, smog, and ultraviolet radiation. Hazards 
information included analyses on frequencies for selected 
periods of record, average days per year with conditions 
exceeding thresholds, extreme precipitation and tempera-
ture records, probabilities of an event at a location, most 
recent occurrences of extremes, return period estimates and 
climatic design values for engineering, as well as weather 
warning criteria and potential impacts of specifi c hazards.7

A challenge in designing hazards information is the need 
to satisfy a wide variety of users ranging from the well 
trained planner to the less experienced user, while balancing 
requirements for accuracy and comprehensiveness. Precise 
information is of little value if it cannot be understood in 
a rural municipality by the clerk with responsibilities for 
disaster management planning. Likewise, information that 
is so highly simplifi ed that it does not accurately convey the 
actual threat is inadequate for the professional consulting 
fi rm hired to advise another municipality of risks and priori-
ties. The challenge is to communicate complex scientifi c 
information simply to all users and to ensure that informa-
tion is scientifi cally defensible.

Infrastructure protection and disaster risk reduction
Experience has shown that the house can be the fi rst line 
of defence against hazards. Forensic analyses often reveal 
that structural failures of infrastructure (houses, electrical 
distribution lines, communications structures, dams) result 
when climate extremes approach the structure’s critical 
design values and safety limits.8 Above critical thresholds, 
small increases in weather and climate extremes have the 
potential to bring large increases in damage, even though 
the high-impact storms associated with this damage may 
not be much more severe than those which occur regularly.9 
In many cases, it is likely that the critical thresholds refl ect 
storm intensities that exceed average design conditions for a 
variety of structures of varying ages and conditions.

An investigation of claims by the Insurance Australia 
Group indicated that a 25 per cent increase in peak wind 
gust strength above a critical threshold can generate a 650 
per cent increase in building claims.10 Similar studies indi-
cate that, once gusts reach or exceed a certain level, entire 
roof sections of buildings are often blown off or additional 
damage is caused by falling trees. Typically, minimal 
damage occurs below this threshold.11 Similar results 
have been obtained for fl ood and hailstone damage.12 Not 
surprisingly, the quality of construction strongly infl uences 
the extent of damage.

Climatic design values used in building codes and stand-
ards for the design of reliable and economical infrastructure 
include quantities such as the 10, 50 or 100-year return 
period ‘worst storm’ wind speed, rainfall or snow condi-
tions and are typically derived from historical climate data. 
Almost all existing infrastructure has been designed based 
on the assumption that the past will represent conditions 
over the future lifespan of the structure. This will hold less 

the threats we face, we are better able to prepare for them”. Although 
natural disasters are not always predictable, they are usually foresee-
able, meaning that they can be risk managed beforehand. Many natural 
hazards can be anticipated using past experience, climatological analyses 
of atmospheric hazards, analysis of vulnerabilities, forensic analyses and 
guidance on future climates.

A signifi cant part of risk management planning involves a vulner-
ability or hazard identifi cation and risk assessment (HIRA) process that 
integrates the probability of hazards with community critical infrastruc-
ture vulnerabilities and risk assessments. For example, the province of 
Ontario in Canada passed legislation in 2003 requiring that all of its 
municipal and regional governments identify and prioritize their top 
ten hazards and risks to public safety.3 Because capacity varied greatly 
among municipalities, the process used a simplifi ed system to evaluate 
hazards, as well as the municipality’s response capability. The Ontario 
HIRA system4 ranked hazards and risks as follows: 
•  Frequency or probability, ranked from one to four, where one refl ects 

a low occurrence and four a high occurrence (within the past 15 
years)

•  Impacts or consequences, ranked from one, negligible, to four, high. 
Degree of impact can be determined through consultation with 
experts. A high score refl ects a likelihood of severe consequences, 
including fatalities and the loss of essential infrastructure and services

•  Community response capability or adaptive capacity (optional). 
These are ranked from one, excellent, to four, poor, and can modify 
the assessment of impacts for low probability but high-impact events, 
where response experience and capacity may be limited. 

In support of this system, Environment Canada developed an 
Atmospheric Hazards website5 for regional emergency managers.6 The 
website and publications included peer-reviewed or ‘authoritative’ infor-
mation on hazard probability and provided tools for spatial and temporal 
comparison across regions. Information consisted of ‘defensible’ maps 

Numbers on the left side of image are degrees latitude North (42 to 52), and 

numbers on bottom of image are degrees longititude West (-74 to -96)

Source: Auld, 2008(a)

Average number of days per year with daily snowfall >= 25 
centimetres, based on data 1971-2000 
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as the climate changes. Regions where climate trends are encroaching 
on design limits will require increases in climatic design values for new 
structures and reinforcements to existing structures identifi ed as at risk.13

Crisis management: moving from weather prediction to risk 
prediction
One of the most effective measures for disaster readiness and emergency 
response is an early warning system that delivers accurate information 
dependably and on time. Warnings buy the time needed to evacuate 
populations, reinforce infrastructure, reduce potential damage or prepare 
for emergency response. But warning systems are only as good as their 
weakest link and must be accompanied by effective hazard response poli-
cies and actions.

Forensic analysis of disasters often reveals that communica-
tion with the public was not effective enough, and scientifi c and 
technical information (for example, wind gusts greater than140 
kilometres/hour) was not properly interpreted by authorities and 
the public in terms of risk. Warning messages must be received and 
understood by a complex target audience, and establish a shared 
meaning between the issuers and the decision makers they intend 
to inform. Because emergency responders and the public are often 
unable to translate scientifi c information into risk levels, future 
work is needed to identify general impacts, prioritize the most 
dangerous hazards, assess potential contributions from cumulative 
and sequential events and identify thresholds linked to escalating 
risks for infrastructure, communities and disaster response.

Recognizing that individual and combined hazards (for example, 
excessive heat and poor air quality) can result in complex emer-
gency response situations, the World Meteorological Organization 
(WMO), along with its NMHS and UN partners, is working to estab-
lish multi-hazard early warning systems. Collaboration is underway 
with WHO to develop heat health warning systems that enhance 
adaptation to deadly heat waves and malaria. Other collaborative 
work with the Food and Agriculture Organization of the United 
Nations focuses on the monitoring and development needed for 
early warnings of locust swarms.14 

Creeping disasters
Some emerging disasters fi rst appear as ‘creeping’ hazards, 
evolving over a period of days to months. This timing 
presents different opportunities for disaster management. 
Floods and droughts often result from cumulative or 
sequential multi-hazard events accompanied by an inherent 
vulnerability. For example, fl ooding can result from unex-
ceptional rainfall when preceded by several days of rain and 
saturated ground conditions. Specifi c criteria for warnings 
may need to consider antecedent rainfall as well as saturated 
or frozen ground conditions before entering into a rainfall 
event. The challenge for forecasting fl ooding risks under 
antecedent precipitation is the uncertainty in modelling and 
predicting preceding soil moisture conditions.

Droughts represent a powerful creeping hazard capable 
of bringing great losses to very large regions. Monitoring 
measures need to be region, user and impact specifi c. Water 
managers, agricultural producers, hydro-electric power 
plant operators and ecosystem managers can all require 
different monitoring indices to characterize the severity of 
conditions and necessary responses. Consequently, drought 
early warning systems work best when designed to detect 
cumulative precipitation defi cits using regionally critical 
thresholds of water supply conditions.15 

Whether dealing with fast or creeping hazards, early 
warning systems are most effective when they provide 
adequate lead times for the activation of emergency 
response plans and target the people and regions mainly at 
risk. In many regions, this includes an appreciation of local 
and indigenous knowledge. 

Recovery and rebuilding
The disaster recovery and rebuilding phase requires careful 
integration of services from all of the other pillars.16 These 
include tailored weather warning services to protect affected 
populations rendered even more vulnerable by the disas-
ter, and updated atmospheric hazards and climatic design 
information to rebuild more disaster-resilient communities. 
Critical to recovery operations is the restoration of vital infra-
structure. It becomes diffi cult, if not impossible, to coordinate 
emergency operations without the benefi t of some function-
ing communications and transportation infrastructure. 

Preparing for climate change: ‘no regrets’
One of the most threatening aspects of global climate 
change, given even the most optimistic greenhouse gas 
mitigation successes, is the likelihood that extreme weather 
events will become more variable, intense and frequent 
as storm tracks shift. UNEP fi nancial services initiative 
anticipates that the global cost of natural disasters will top 
USD300 billion by the year 205017 if the likely impacts of 
changing climate are not countered with aggressive disaster 
reduction measures. ‘No regrets’ adaptation actions taken 
today provide opportunities for regions to reduce current 
vulnerabilities and become better prepared for future 
challenges. Barriers to managing the risks associated with 
current climate variability are the same barriers that will 
inhibit regions and nations from addressing future increases 
in risk due to climate change.

Building claims as a function of peak gust speed (Australia) 

Source: Coleman, 2002
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Disaster reduction in Morocco  
Dr Abdullah Mokssit, National Centre for Climate and Meteorological Research, Morocco

The role of meteorology in social and economic develop-
ment is recognized and appreciated more and more in 
today’s world. Over the last twenty years the Direction de 

la Météorologie Nationale (DMN) – the Meteorolgical Office of 
Morocco – has made important progress at all levels of appli-
cation including: model development, data assimilation, model 
evaluation, weather forecasting, climate forecasting, and ocean 
and marine forecasting. However, most recently its efforts have 
been focused on two axes: weather risk management and end-
user products.

Weather risk management 
Disaster reduction activities are at the core of a number of DMN 
scientific and technical programmes. These programmes contribute 
to global capabilities in the detection, forecasting and early warning 
of hazards, as well as by providing effective means and procedures 
to minimize the adverse consequences of such hazards through the 
application of science and technology. 

In coordination with the relevant authorities, DMN has developed 
and implemented a weather risk strategy involving two stages: pre-
warning and warning. Whenever there is a chance that the weather 
could affect one or multiple locations, a meteorologist person-
ally assesses the situation using pre-defined criteria to determine 
the likelihood of a weather impact. Under these circumstances a 
pre-warning is disseminated to the relevant authorities. When the 
forecast team confirms the weather risk, dissemination of warnings 

to the relevant authorities as well as to the public is 
enacted.

The procedure of risk management is based on:
• �Use of radar, satellite and lightning data for the 

monitoring of severe weather events over the area 
• �Operational use of high resolution modelling for 

the provision of weather forecasts and for all major 
meteorological parameters including wind, rain, 
snow and temperature

• �Use of wave models to assess strong winds and 
adverse marine conditions affecting coastal areas

• �Presentation of the results and/or warnings in a user-
friendly way. This can be via fax, a dedicated web page, 
e-mails, as well as through short message service and 
multimedia messaging service to mobile phones.

End-user products 
DMN has established a periodic evaluation and guid-
ance council in order to validate and listen to end-users. 
This event helps DMN to understand the needs of the 
end-users and provides a platform for the users to learn 
how to use the information DMN provides. The council 
is attended by users from all sectors including agricul-
ture, water, energy, air and marine navigation, and 
scientific research.

In addition to this, as recommended by the council, an 
annual sector council is organized. The main objective 
of this council is to stimulate the use of sector-specific 
information in an ongoing, iterative process of dialogue 
between the producers of climatic information and the 
multitude of users in Morocco.

Collaboration with end-users focuses on the follow-
ing objectives:
• Evaluate user needs
• �Develop and demonstrate applications which 

address practical user needs
• Establish interactive dialogue with primary users
• Develop data/information delivery systems.

The recommendations that result from the council are 
translated to budgetary actions for developing applica-
tion tools based on monthly and seasonal products, as 
well as hydrological and environment tools for deliver-
ing useful products and services.

Air quality
Human activities, rising industrial and energy produc-
tion, the burning of fossil fuels and the dramatic rise 
in traffic on our roads all contribute to air pollution in 

Risk Governance and Management

Increasing global temperatures will have profound impact on North African societies
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The number of reporting stations in key agricultural 
areas, instrumentation standards and maintenance, 
data collection and processing methods, data standards 
and quality control procedures, and human resources 
are all factors relating to input requirements. Thus, the 
creation of the two centres was supplemented by the 
installation of a number of automatic weather stations 
providing real-time data. Also an expert team has been 
trained for the development of agro-meteorological 
models, tools and products.

The service involves converting input data into infor-
mation that can be packaged for delivery in a form that 
adds value to an existing knowledge base. Additional tools 
– such as geographic information systems technology, 
mathematical models, and remotely-sensed observations 
– provide resource enhancements that can convey value-
added information for the decision-making process. 

The agro-meteorological information produced 
includes:
• Observation data
• General forecast bulletins
• �Daily bulletins on the impact of extreme events on 

agricultural production
• Daily responses to farmer requests
• Warning bulletin.

Seasonal forecasting system
DMN has explored both statistical and dynamical 
approaches to making seasonal predictions of precipi-
tation in Morocco. This has been enacted through two 
major projects – Al Moubarak (based on statistical 
models) and El Masifa (based on both dynamical and 
statistical models).

The main objective of such long-range prediction is 
to implement a procedure that generates information 
that end-users consider helpful in decision-making.

towns and cities which, in turn, can lead to serious health problems. 
For example, air pollution is increasingly cited as the main cause 
of lung conditions such as asthma – compared with 20 years ago, 
twice as many people suffer from asthma today.

To help control the evolution of the air quality in Morocco, DMN 
has installed 21 stations for measuring air quality, a mobile labora-
tory and three pollen grains sensors. Furthermore, in Casablanca, 
Fes and Marrakech it has installed two stratospheric ozone sensors 
and two stations for measuring atmospheric pollution.

Agriculture
As a direct result of establishing a dialogue with users, DMN 
has created two agro-meteorological centres in Beni Mellal and 
Taroudant, and developed a tool to aid decision making in the agri-
culture domain. The purpose of this application is to make users 
aware of the potential benefits that farmers can gain from improv-
ing efficiency and ensuring the sustainability of farm management. 
Farmers should aim to protect and ensure the continuing health of 
crops, livestock, and the environment to increase their yield and the 
market value of their crops, as well as to solve operational problems.

A communication mechanism has been established to explain the 
purpose of the agro-meteorological centres. Flyers were produced in 
Arabic (the most widely understood language in Morocco) detailing 
basic information about the centres – covering their objectives, tools 
(computing facilities, information systems, observation instruments), 
products, dissemination techniques and policies on user interaction.

The primary objective of the centres is to provide farmers with 
information (observations, model outputs) that enables them to 
improve the efficiency of various agricultural practices.

The information should also enable farmers to limit and reduce 
the adverse impacts of extreme climate events on agricultural 
production.

Input requirements
Input requirements refer to the quantity, quality and timeliness of 
data that are available for the preparation of observational products. 

Timely collection of climate data today is vital for accurate seasonal forecasts tomorrow

Climate forecasters must engage openly with all sectors of society to 

increase the effective use of seasonal forecasts
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Adaptation to climate change in Switzerland 
Roland Hohmann, Swiss Federal Office for the Environment (Climate Unit)

The fourth assessment report of the Intergovernmental Panel 
on Climate Change established that despite all efforts to 
reduce global greenhouse gas emissions, climate change is 

affecting the development and welfare of human society all over 
the world.1 Vulnerability to climate change is particularly high 
in developing countries situated in the southern hemisphere, but 
countries in the northern hemisphere are also likely to be affected 
eventually. In Europe, the Alpine region is considered one of the 
most vulnerable to climate change, and thus efforts to adapt to 
changing conditions in this area must be intensified.

The expected impacts of climate change in Switzerland up to the year 
2050 were discussed in a comprehensive analysis published in 2007, 
which in turn was based on a regional climate scenario.2 The report 
predicts a warming of approximately 2°C (with a range of uncertainty 
between 0.9 and 3.4°C) for autumn, winter and spring, as well as a 

rise of just under 3.0°C for the summer period (range of 
uncertainty: 1.4 to 4.9°C). Assuming this level of warming, 
the 0°C-isotherm will rise during winter by about 360 
metres (range of uncertainty: 180 metres to 680 metres). 
Precipitation will increase by about 10 per cent (range of 
uncertainty: -1 per cent to +26 per cent) in winter and 
decrease by about 20 per cent  (range of uncertainty: -36 
per cent  to -6 per cent) in summer. Heavy precipitation 
events are expected to increase in all seasons. In summer, 
heat waves will become more frequent and severe. In 
contrast, cold spells will decrease during winter.

Changes in extreme events, as well as gradual changes 
of mean temperature and precipitation, will affect 
natural and anthropogenic systems. Probably the most 
obvious climate impact in Switzerland is the retreat of 
alpine glaciers. In the European Alps the average loss 
in overall glacier volume between the end of the ‘Little 
Ice Age’ of 1850 and 1975 was about 0.5 per cent per 
year.3 This increased to about 1 per cent per year for 
the remaining volume between 1975 and 2000, and 
has accelerated to about 2-3 per cent per year since the 
turn of the millennium. According to model calcula-
tions, an additional 75 per cent of the glacier surface 
area in Switzerland will be lost by 2050 – in contrast 
with 1971-90 – implying that smaller glaciers at lower 
altitudes are likely to disappear. 

Impacts on the hydrological cycle and natural hazards
Switzerland’s hydrological cycle will also be affected by 
changing temperatures and precipitation. In particular, the 
maximum river discharge will occur earlier in the year and 
will be less pronounced. The combined effects of increased 
precipitation and the 0°C-isotherm being located at higher 
elevations will cause more rainfall to run off instantane-
ously, instead of being temporarily stored as snow. As a 
consequence, the risk of winter flooding is likely to increase, 
particularly in large catchment areas in the lowlands 
surrounding the Alps. On the other hand, drier summers 
will lead to more frequent and severe droughts. With hot 
and dry summers becoming more common by mid-century, 
the combination of reduced precipitation, earlier snowmelt 
and strongly reduced meltwater from vanishing glaciers 
could lower runoff to critical levels, even in large Alpine 
rivers. Thus, despite the large water resources in the Alpine 
region, water stress could become a problem in some parts 
of Switzerland during hot and dry summers, because of 
the decreasing availability of river water and the increasing 
demand for irrigation and freshwater supplies.

Adaptation and Mitigation Strategies 

In 2006 a rockfall occurred below the fast retreating Unterer Grindelwaldgletscher in 

the Bernese Alps due to decreased slope stability. The debris blocked the meltwater 

runoff and a lake started to form. By summer 2009 the lake volume surpassed the 

critical level above which the moraine threatens to break. As an adaptive measure, 

a subsurface outflow is being constructed to drain the lake and to protect the 

underlying villages from flooding
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The potential effects of climate change on the devel-
opment of vector-borne illnesses is uncertain. Higher 
temperatures could generate new vectors or cause a 
vector to change its host. With illnesses transmitted 
by ticks, there may be changes in the range of vectors, 
infection rates and period of activity. The setup of a 
monitoring system for the various vector-borne diseases 
is an essential part of developing timely, adequate meas-
ures and action plans for the protection of human and 
animal health. 

Impacts on the economic sector
Within the Swiss economic sector, the impacts on 
tourism will be the costliest. The rising winter snow 
line means that ski resorts in the foothills of the Alps 
are likely to struggle increasingly to operate profit-
ably. Furthermore, the expected higher number of 
tourists in summer will not compensate for the loss of 
income mountain railways and the hotel sector experi-
ence in winter. Ski resorts located at high elevations 
may possibly benefit. However, the increasing threat 
of extreme events such as mudslides and flooding, is 
likely to impinge on traffic routes and thus the acces-
sibility of tourist resorts in the Alps. The attractiveness 
of alpine tourist areas is also likely to suffer as a result 
of decreasing or highly variable snow cover, as well 
as from expected changes in the natural scenery. For 
tourist destinations to remain competitive, leisure activ-
ities must adapt to new conditions, while destination 
offerings will have to be broadened so that they are less 
dependent on annual snowfall. It is essential to take 
possible climatic changes, and changes in landscape, 
into consideration when planning for new tourism 
infrastructures. 

In the energy sector, the diminishing runoff and 
decreasing cooling effect of rivers – especially in 
summer – will have an adverse effect on hydropower 
and nuclear energy production. Annual power produc-
tion is expected to decline a few per cent by 2050. On 
the other hand, less heating energy will be required in 
winter and more cooling energy in summer. This will 
mean a shift in the energy demand from fuel to elec-
tricity. It is essential to fill this gap between decreasing 
power production and increasing electricity demand 
by improving energy efficiency, as well as by establish-
ing new renewable power sources. Renewable energy is 
expected to become more competitive due to increasing 
energy prices. The current focus is primarily on energy 
gained from solar radiation, wind and wood. If long-
term trends and the development of the forestry and 
timber industries are considered, the potential of wood 
as an energy source may triple.

Swiss agriculture is expected to profit from a moder-
ate warming of temperature if it is less than 2 to 3°C 
– assuming that the supply of water and nutrients is 
sufficient and that suitable crops, as well as suitable 
cultivation and management methods, are chosen. The 
productivity of meadows and the potential crop yield 
of many plants will increase as a result of the longer 

One of the biggest concerns in Switzerland with respect to climate 
change is the evolution of natural hazards. The retreat of Alpine glaciers 
will result in a decrease in slope stability and an increase in mudslides and 
rockfalls – as experienced in the resort town of Grindelwald in 2006. In 
addition, the thawing of permafrost represents a costly risk for a vast array 
of transport infrastructures in the mountains – including railways, chair-
lifts and cable cars – as at higher elevations the foundations of pylons 
and stations are often anchored in the frozen ground. Higher tempera-
tures could loosen such foundations and destabilize entire installations. 
Possible adaptive measures include detailed monitoring of critical regions 
and erecting protective structures to shelter residential areas as well as 
infrastructures. Furthermore, the damage potential in critical areas could 
be reduced by changing structural planning in rural areas.

The risk of floods is expected to increase as a result of the growing 
frequency and intensity of heavy precipitation events. This risk is 
further aggravated by the fact that precipitation increasingly falls as 
rain instead of snow, due to higher average temperatures. Potential 
measures to tackle this problem include improving flood predic-
tion, improving flood protection by renaturation, broadening rivers, 
building dams and altering development plans to reduce potential 
damage.

In the coming decades, Switzerland will have to make additional 
investments in order to maintain today’s levels of resistance to the 
threat of natural hazards. Estimates by the Swiss Federal Office for 
the Environment indicate that by 2020 an additional 200 million 
CHF per year will be necessary for protective measures against 
mudslides, rockfalls and flooding. 

Impacts on natural systems
Climate change is also expected to have various affects on 
Switzerland’s biodiversity. The species composition of the country’s 
ecosystems will change in the long run because different species 
react differently to climate change. Flora and fauna will continue to 
approximate those at lower elevations and in more southern areas. 
Heat-sensitive species will move to cooler areas at higher elevations. 
Less mobile species will be radically reduced in their numbers, or 
disappear altogether. The productivity of forests and agriculture, 
as well as the availability of clean water, may be affected by the 
combination of high temperatures and low precipitation. At higher 
elevations, the productivity of forests and permanent grassland will 
be somewhat enhanced by warming, while at lower elevations it will 
be constrained by summer drought. In the future, water resources 
will also be of increasing importance to ecosystems – in particular 
to those situated in valleys or hilly country.

To help species adapt to the changing climate, it will be neces-
sary to provide corridors between habitats and nature reserves. This 
will enable migration as well as reduce the effects of anthropogenic 
stresses – such as pollution – on both species and ecosystems.

The biggest health impacts of global warming in Switzerland 
will be due to the expected increase in heat waves, in combination 
with elevated tropospheric ozone concentrations. However, it is 
entirely possible to avoid increased, heat-related mortality provided 
adequate measures are taken. In addition, heat waves can impair the 
efficiency of the national workforce, with resulting effects on the 
economy. With higher temperatures, the danger of food poisoning 
due to spoilt food and water will also increase. 

A higher frequency of natural disasters – including floods, 
mudslides and storms – will lead to more casualties and resulting 
psychological stress.
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vegetation period. Livestock farming will profit from this as well. 
On the other hand, water supply will decrease in summer, weeds 
and insects will become more of a problem and damage caused 
by extreme events will increase. In particular, the increase in heat 
waves and drought periods represents a major threat. As a conse-
quence, the demand for irrigation will increase in many regions. 
These risks could be reduced by the diversification of farms and 
more extensive insurance coverage.

If the average warming exceeds 2 to 3°C by 2050, the disadvantages 
will outweigh the advantages. Water scarcity will increase during the 
vegetation period, and faster plant development will result in reduced 
crop quality. 

Adaptation
The above examples illustrate the broad variety of natural and anthro-
pogenic systems likely to be affected by climate change in Switzerland. 
In order to prevent or diminish adverse effects and to take advantage 
of positive effects, it is necessary to develop an adequate adaptation 
strategy and implement appropriate measures.

In its climate legislation, Switzerland plans to include adaptation 
as a complementary second pillar to mitigation. While adaptation 
measures will effectively be implemented on a local to regional level, 
it will be the task of the federal government to provide guidance and 
to take the strategic lead. The latter will include: 
• �The provision of sound scientific knowledge regarding the future 

development of the regional climate
• �The identification of risks and opportunities brought about by 

climate change 

• The definition of adaptation goals
• The coordination of the various fields of action 
• �The development of different possible adaptive 

measures for the various fields of action 
• �The evaluation of these measures in terms of effec-

tiveness and cost efficiency
• �The prioritization among the different fields of 

action and among the different possible measures
• The support of their implementation
• �The evaluation of these measures after their imple-

mentation. 

The overall goal will be to achieve the best possible 
adaptation with the limited resources available.

Switzerland has begun this process with the devel-
opment of a national adaptation strategy. Scientific 
information on climate change will form the backbone 
of this strategy. A survey conducted by the Federal 
Office of the Environment among its offices showed 
that high resolution climate scenarios and reliable 
scenarios of future developments of extreme events, 
are essential for detailed impact analyses and planning 
of adaptation in all fields of action. For instance: relia-
ble scenarios of extreme precipitation events and river 
runoff are needed to optimize flood protection; reli-
able scenarios of water availability and droughts are 
needed to guide the adaptation of protection forests to 
a drier climate; reliable temperature and precipitation 
scenarios are needed in agriculture to decide which 
crops should be cultivated; and reliable scenarios of 
future river discharge are needed to assess the coming 
availability of hydropower. 

Until now, national climate data has been provided 
by the Federal Office of Meteorology and Climatology 
(MeteoSwiss), and research has been mainly conducted 
by research programmes such as the National Centre of 
Competence in Research Climate.4 However, since climate 
information will be required more frequently in the future, 
it will be essential to update such information on a regular 
basis. For this reason, MeteoSwiss and the Center for 
Climate Systems Modeling at the Swiss Federal Institute of 
Technology will jointly calculate periodical climate change 
scenarios at the regional level. Furthermore, climate obser-
vation and the statistical analysis of observational data 
will be intensified in order to improve scenarios of future 
climatic extremes (see also Challenges for the Climate 
Services in Switzerland within this publication).

The survey among the federal offices also showed 
a substantial need for adaptive measures to be imple-
mented within the next few years. For instance, climate 
observation needs to be optimized, monitoring systems 
for vector-borne diseases need to be set up, and more 
structural measures for protection against thawing 
permafrost need to be built. These additional meas-
ures require significant financial resources. However, 
compared to the cost of inaction – estimated in a previ-
ous study to amount for 0.2 per cent of GDP in 2050, 
and predicted to increase to about 0.5 per cent of GDP 
by the year 21005 – this cost is very modest.

As a result of climate change, the snow line in winter is expected to rise and ski 

resorts in the foothills of the Alps will struggle increasingly to operate profitably. The 

need for adaptive measures will increase as climate change continues. However, 

some measures require vast investment, while others will become less effective – 

such as artificial snow production at low altitudes
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change and variability in Iran 
Dr A.M. Noorian, PR of Iran with WMO and First Vice President of WMO

Over the past few decades, Asia, the largest and most popu-
lous continent of the world, has witnessed increases in 
surface temperature and rainfall variability, as well as 

more frequent and intense extreme weather events.1 Situated in 
the southwest of Asia, Iran has been very much affected by these 
trends.

Recent studies in Iran show that annual mean temperature anoma-
lies for the country have increased since records began in the 1950s. 
In particular, results suggest a relatively rapid and steady warming 
through the early 1990s. Seasonal series for Iran show a pronounced 

warming from 1950 – especially for autumns and 
summers. The trends for minimum temperature in 
Shiraz and Mashhad have been 0.7 to 0.8ºC per decade.  
Surprisingly some of the observed climate trends in Iran 
are inconsistent with the global picture. 

Negative trends for indices representing cold 
maximum and minimum temperature extremes – such 
as number of icing days, frost days, cold nights and cold 
days – have been observed. Conversely, positive trends 
for indices representing warm maximum and minimum 
temperature extremes – such as summer days, tropi-
cal nights, warm nights and warm days – were also 
observed in the region. The negative trends – obtained 
with the Diurnal Temperature Range index – were 
found to be greater than the positive trends. Indeed, 
post-1990 many observational stations in Iran have 
found no use for the Cold Spell Duration Index.2

During the period 1950-2007, Iran experienced 
decreasing trends in annual precipitation, with the most 
affected area being the northwest of the country – which 
saw a decline of 150 to 175 millimetres over 60 years. 
Two-thirds of the country recorded a negative trend for 
the number of days with precipitation greater than 20 
millimetres. Although such results are mostly consistent 
with IPCC fi ndings, as well as the fi ndings of a Middle 
East regional study,3 there are nevertheless local incon-
sistencies for areas such as the Zagros Mountains.4

Besides warmer temperatures, Iran has also seen altera-
tions in other climatic parameters, with temporal and 
spatial temperature patterns changing over recent decades. 
Anomalies have also been observed, with Iran experienc-
ing a year of below normal temperatures in 2006.

The increasing frequency of extreme weather events 
– such as heat waves and heavy rain precipitation – has 
had adverse effects across Iran and the whole of Asia. 
Heat waves in July 2003 and 2005 and cold waves in 
early 2007 and 2008 had effects on both daily and horal 
scale in Iran. Intensive heat and cold stress interrupts 
various physiological processes in agricultural, damag-
ing crop and affecting cattle. The heat wave that affected 
many parts of Iran during summer 2005 produced posi-
tive anomaly readings of more than 4ºC in July. 

In southwest Asia, severe cold in December 2007 
produced some of the lowest temperatures the region had 
experienced in decades. Most parts of Iran registered 2 
to 4°C and in some stations/parts even 4 to 8°C cooler 

AdAptAtion And MitigAtion StrAtegieS 

Source: Dr A.M. Noorian and F. Rahimzadeh: I. R. of Iran Meteorological Organization 

(IRIMO) and Atmospheric Science and Meteorological  Research Center (ASMERC)

Decadel trend of minimum temperature 1960-2005
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In 2003 and 2004 relatively wet conditions across south-
west Asia helped to ease the effects of the drought somewhat. 
However, these benefi cial conditions did not continue 
and drought came back to the region in 2005. Despite the 
drought, Iran also experienced heavy snow in early 2005 
combined with a warm boreal spring. These conditions 
generated widespread fl ooding in the local basins. 

Dust storms are seasonal phenomena in the east of 
Iran, occurring when a particular synoptic condition is 
dominant in the region. However, the intensity of said 
phenomena has increased gradually and spread out over 
a wider area, so that it now affects parts of Afghanistan, 
southeastern Iran and western Pakistan during summer 
and autumn. Due to these increases in severity and scope 
the dust storms constitute a greater and more hazardous 
health risk to human beings. Furthermore, during the past 
few years these conditions have spread into the southwest 
of the country – though it is worth noting that the regional 
source of the dust differs for the different areas affected.8

Climate change and variability has affected the crop 
season in Iran, shortening the growing period and thus 
resulting in crop yield decline. Acute water shortage 
combined with thermal stress has affected wheat and rice 
productivity, with many species in Iran becoming extinct 
as a result of the synergistic effects of climate change. 
Furthermore, warmer surface temperatures have created 
favourable conditions for forest fi res.

Increased intensity and spread of forest fi res in Asia has 
been observed in recent decades, with climate change – 
in combination with intense land use – the likely cause. 
Biodiversity in Asia is also being lost as a result of devel-
opment activities and continuous land degradation. 

In order to enhance adaptation efforts Iran must 
monitor climate extremes closely, as well as variability 
and the rate of change. It must also assess the poten-
tial impacts of climate change, as well identify people or 
areas that are most vulnerable. Based on these actions 
we can implement sound adaptation measures. Iran’s key 
aims relating to climate change adaptation are to:
•  Increase awareness among people and policy makers
• Establish adequate observing systems 
• Make full use of software and hardware facilities 
• Establish an appropriate climate database
• Create better links with users
•  Build capacity in human resources and

infrastructure 
•  Increase use of advanced methodologies and new 

technologies
• Harmonize adaptation programmes regionally 
• Use fi nancial resources effi ciently.

The Islamic Republic of Iran Meteorological Organization 
– along with other governmental organizations and non-
governmental organizations – aims to enable the country 
to achieve these objectives, especially in the areas of 
capacity building and adaptation measures. Asian coun-
tries, including Iran, which are vulnerable to climate 
change and have limited potential to enhance adaptive 
capabilities should expand their activities.

than long-term recorded temperatures in December. Snow and cold 
weather affected the north of the country, while heavy rainfall fl ooded 
some areas in the south and east of Iran.

Cyclone Gonu caused heavy rainfall on the southeastern coastline 
of Iran, resulting in fl ooding and heavy damage. Local observation 
stations in the Sisitan-Balochistan and Hormozgan provinces – where 
the annual mean precipitation is less than 200 millimetres – expe-
rienced 62 to 111 millimetres of rainfall on 6 June 2007.5 Waves in 
Oman and the Persian Gulf reached heights of 6 to 10 metres as a 
result of storm surge.6 Intensive rain and fl oods damaged road and 
telecommunication links, and disrupted drinking water supplies to 
villages in the southeast of the Sistan-Baluchestan province. During 
the summer of 2007, despite most parts of Iran receiving no consid-
erable rainfall, the Sistan-Balochestan province, as well as western 
Afghanistan and Pakistan, experienced precipitation 200 to 300 per 
cent above their long-term recorded averages. 

The frequency of drought has also increased in Iran over recent 
decades. The region experienced severe drought during the prolonged 
1998–2002 cold phase La Niña event, as well as unusually warm water 
temperatures in the western Pacifi c and eastern Indian Oceans.7 The 
severe drought affecting the southeast of Iran continued for seven 
years causing crop failure, livestock loss and mass migration – which 
in turn resulted in serious problems for the local economy, as well as 
people’s livelihood. 

Source: Dr A.M. Noorian and F. Rahimzadeh: I. R. of  Iran Meteorological Organization 

(IRIMO) and Atmospheric Science and Meteorological  Research Center (ASMERC)

Decadal trend of precipitation during the period 1960-2005
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Climate change can be described as a permanent shift 
in the normal patterns of climate. Such a shift could 
spread over a period of decades, or even longer. There is 

discernible evidence – derived from numerous climate detection 
processes –that climate is changing across the entire globe.1 
For a local farmer or herdsman, however, abstract scientific 
notions of climate change make little sense. A definition relat-
ing to livelihood – detailing associated impacts that people can 
relate to – is essential if we are ever to deal with the problems 
climate change brings. 

As such, climate change can be defined as lack of rain or changes to rain-
fall patterns. Practical conclusions can be drawn from such a description 
since it will affect agricultural factors such as: planting times; wither-
ing of crops; drying of streams and rivers; dying of livestock; and hotter 
nights. The significance of climate should not be underestimated. It 

provides for all the basic needs of living organisms includ-
ing food, water and air. Furthermore, it renders the earth 
beautiful by providing flowers, plants, deserts, oceans, rivers 
and animals. Over many millennia, human beings and the 
earth’s ecosystems have adapted to climate conditions. As 
such, climate change will necessitate alterations in ecosys-
tems, as well as in human lifestyles through appropriate 
adaptation strategies.

Observed climate change signals and impacts in Kenya
Temperature has generally risen all over Kenya. Analysis 
of trends in temperature indicates that both minimum and 
maximum temperatures have increased across the country. 
In the inland areas the minimum temperatures show a 
steeper increase than maximum temperatures. These trend 
patterns reverse for stations near large water bodies, such 
as the Indian Ocean and Lake Victoria. In both cases, the 
general observation is a decrease in the temperature range.

The observed rise in temperature has provided favourable 
conditions for mosquitoes, enabling them to survive in envi-
ronments where they could not before. This has resulted in 
the spread of malaria to initially malaria-free zones, such as 
the highlands.2 

Rainfall has also been affected by climate change. 
Large variations in rainfall are characteristic of Kenya 
and relate to the variation in topography. Even so, the 
rainfall patterns over the country have shown distinct 
changes in the recent past. The changes have been 
depicted in patterns of onset, distribution and amounts 
of rainfall received in a season. Observations are also 
made for more frequent and intense extreme rainfall 
events such as floods and droughts. Recent extreme 
events include the El Niño-related floods of 1997/98, as 
well as floods in 2003 and 2006. Meanwhile, droughts 
were observed in 1999-2001, 2005 and 2008/09. 

Erratic rainfall has had impacts on many socioeconomic 
sectors such as health, agriculture, energy, water resources 
and disaster management. Some of the impacts include: 
• �Food insecurity due to poor harvests and death of livestock 
• �Resurgence of diseases such as Rift Valley Fever due to 

heavy rainfall in the semi-arid parts of the country (as 
witnessed in 1997/98 and 2006)

• �Rivers drying up or becoming seasonal 
• �Displacement of communities
• �Enhanced conflicts over limited resources such as pasture 

and water.

Adaptation and Mitigation Strategies 

Dead livestock due to scarcity of pasture and water following prolonged drought, Masailand
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Wilted maize crop during a drought
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ages and the loss of recreational areas such as beaches 
through siltation, erosion or submergence

•  Reduction of the buffer effect provided by coral reefs and 
mangrove systems, which has increased the potential for 
erosion.

Adaptation strategies in Kenya
In Kenya, a number of adaptation measures relating to 
climate information services are currently in place or 
planned. Some of the planned activities are designated 
‘fl agship projects’ in the First Medium-term Plan, which 
covers the period 2008 to 2012 under the Kenya Vision 
2030 programme.3

Kenya Vision 2030 has identifi ed three pillars crucial to 
transforming the country into a modern, globally competi-
tive, middle income nation by the year 2030. The pillars 
are: economic, social and political. Six sectors – including 
agriculture and livestock – have been targeted under the 
economic pillar to raise the national gross domestic product 
growth rate to 10 per cent by the year 2012. Sectors such 
as environment, water and sanitation have been identifi ed 
to drive the social pillar. Priority programmes and projects 
have been identifi ed to drive the whole process – some have 
already been initiated, while others are in the pipeline. 

An example of a current project is the government’s 
efforts in the area of livestock farming. This type of farming 
is mainly carried out in the semi-arid lands of Kenya where 
climate variability is high and climate extremes are quite 
prevalent. The government has recently invested resources 
to rehabilitate the Kenya Meat Commission and procure 
livestock from farmers in cases of prolonged drought. This 
is a strategy designed to minimize the economic losses that 
farmers experience when livestock die due to lack of water 
and pasture – a situation becoming increasing common in 
the country.

Another example involves the Arid and Semi-Arid Lands 
(ASALs) of the country, which are currently underutilized 
for agricultural purposes. In order to utilize these areas and 
enhance food productivity, the government has allocated 
resources to irrigate 600,000 to 1,000,000 hectares in the 
ASALs. This is based on estimates that intensifi ed irriga-
tion can increase agricultural productivity fourfold and thus 
resulting income. 

The quality of land in the country is suffering a general 
decline due to, among other factors, unsustainable farming 
practices and human induced climate change. Forests play 
a crucial role in protecting water catchment areas, conserva-
tion of biodiversity and provision of forest products in the 
country. One current fl agship project envisages full rehabili-
tation of the fi ve water towers in Kenya. The forest policy 
is designed to promote sustainable management of the 
forests to serve as water catchments, biodiversity conserva-
tion reservoirs, wildlife habitats and carbon sinks to reduce 
carbon dioxide concentrations in the atmosphere. 

Collaborative adaptation projects
The Western Kenya Community-Driven Development and 
Flood Mitigation (WKCDD/FM) project is being imple-
mented through the Offi ce of the President with funds 

The glaciers on Mount Kenya have shown a drastic decline in the face 
of climate change. This is a very worrying trend, as the highlands act as 
the source for many of the major rivers in the country. In turn, these 
rivers are involved in signifi cant activities such as hydroelectric power 
generation. Reduction of water levels in the dams on these rivers has seen 
regular rationing of power for both domestic and industrial use.  

Climate change also manifests itself through sea-level rise, which has 
already led to the destruction of infrastructure along the coastal parts of 
Kenya. This has occurred in various ways, including: 
•  Rise in saline groundwater levels, causing fl ooding of shallow wells and 

boreholes, and contaminating them
•  Inundation of coastal wetlands and lowlands has led to disruption of 

coastal freshwater distribution systems. This has resulted in water short-

Temperature trends for Dagoretti, Nairobi, Kenya

Trend in annual minimum temperature (top); annual maximum temperature 

(middle); temperature range (bottom)

Source: Kenya Meteorological Department
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from the International Development Association of the World Bank, 
the Government of Kenya and community contributions. The project is 
designed to empower local communities to reduce the vulnerability of the 
poor to adverse outcomes associated with recurrent flooding. 

Floodwaters have wreaked immense havoc among the communities 
situated on the Kenyan flood plains. WKCDD/FM aims to provide these 
communities with flood forecasting early warning information, as well 
as guidance on the proper management of floodwaters. This will involve 
the construction of protection structures such as dykes, as well as the 
rehabilitation and management of catchment areas. 

The WKCDD/FM project follows methodology that has proven 
successful in other contexts. One such example is the project’s use 
of the Participatory Integrated Community Development approach. 
Flood risk modelling is conducted daily with input including rainfall 
measured within the basin and a short-range prediction. Flood risk 
indicators and forecasts of water levels for the Nzoia River Basin are 
generated and disseminated to aid in decision-making processes. 
Success stories – such as the evacuation of vulnerable commu-
nities prior to a flood – are already emerging. Using the reliable 
information provided from the model outputs, the provincial 
administration is now able to evacuate people living on flood plains 
far more quickly than before the project. 

Another example of a collaborative adaptation efforts is the commu-
nity drought resilience project that was initiated in 2006 in Sakai, 
Kisau Division, in the Makueni District. It is one of the three pilot 

projects being implemented as part of the regional project 
‘Integrating Vulnerability and Adaptation of Climate 
Change into Sustainable Development Policy Planning 
and Implementation in Eastern and Southern Africa’. The 
project is funded by the Global Environment Facility and 
the governments of the Netherlands and Norway, and is 
supported by kind contributions from the governments 
of Germany, Kenya and Rwanda. It is being implemented 
by the Centre for Science and Technology Innovations in 
partnership with the Government of Kenya Arid Lands 
Resource Management Project. 

Aims of the project include:
• �Downscaling climate forecasts to guide the choice of crops 

planted and the timing of agriculture activities 
• �Improving agronomic practices by providing access to fast 

maturing and drought resistant crop varieties
• �Building sand dams, shallow boreholes and drip irriga-

tion systems to improve access to water for use in crop 
production. 

A number of success stories have been recorded since 
the inception of the project. It has been established 
that farmers using the downscaled seasonal weather 
forecasts and undertaking early land preparation and 
dry planting are getting better harvests than those who 
have sustained the ‘business as usual’ approach. In addi-
tion, early maturing varieties of maize and pigeon peas 
selected on the basis of the forecasts are performing 
better that the varieties usually used by the farmers. 

A final example of a collaborative project is The Kenya 
Wetland Forum. The forum is a multi-stakeholder insti-
tution concerned with the conservation and management 
of wetlands within the ‘wise use principles’ of the Ramsar 
Convention.4 The programme adopts a holistic approach 
to address the impacts of climate change on the coastal 
and marine resources of Kenya. The main goal of the 
programme is to increase understanding of climate 
change issues, as well as to prompt the development of 
adaptation and mitigation strategies. 

The objectives of the programme are to:
• �Promote an ecosystem-based approach for the conser-

vation and management of critical coastal and marine 
ecosystems

• �Build and strengthen the capacity of local communities 
and relevant stakeholders to manage local coastal and 
marine resources

• �Promote sustainable livelihood options for vulnerable 
coastal communities.

There are five main local-level projects:
• �Kuruwitu community marine conservation project
• �Wasini Island mangrove forest conservation, clean and 

safe water initiative
• �Conservation and sustainable management of coastal and 

marine resources on the south coast
• �Coastal wetlands management and conservation in Jimbo 

village, Vanga 
• �Building capacity to adapt to climate change impacts on 

conservation in East Africa.

Limited watering points during a dry season can result in conflicts

Im
ag

e:
 K

en
ya

 W
et

la
nd

s 
Fo

ru
m

A farmers’ field day

Im
ag

e:
 W

an
di

ga
, 2

0
0

8



[ ]238 

Icelandic perspectives on adaptation  
to climate change and variability 

Halldór Björnsson and Árni Snorrason, Icelandic Meteorological Office

In good weather, the picturesque Snæfellsjökull ice cap can be 
seen across the bay from Reykjavík. In the 1864 novel Journey 
to the Centre of the Earth, by Jules Verne, the ice cap serves as 

the entrance to a passage that led to the middle of our planet. It is 
the only ice cap that can be seen from Reykjavík, and has existed 
for many centuries, at least since Iceland was settled in the ninth 
century. Recent measurements show that this ice cap is shrinking 
rapidly in size.

The climate of Iceland exhibits considerable variability on annual and 
decadal timescales. However, long-term temperature records from 
the weather station at Stykkishólmur, about 60 kilometres from the 
Snæfellsjökull ice cap, show that during the last two centuries the climate 
of Iceland has warmed by about 0.7°C per century. In recent decades the 
warming has been very rapid with significant impacts on many natural 
systems in Iceland.

Recent measurements show that the Snæfellsjökull ice cap, which has 
an average thickness of less than 50 metres, thinned by approximately 13 
metres in the last decade. At the current rate of thinning it will disappear 
within the century.

Snæfellsjökull ice cap is not an isolated case in this regard, most moni-
tored glaciers are retreating. The thinning of large glaciers, such as the 
Vatnajökull ice cap, one of Europe’s largest ice masses, reduces the load 
on the Earth’s crust, and the crust rebounds. Consequently large parts of 
Iceland are now experiencing uplift. However, the uplift does not reach 
to the urban south west part of Iceland, where subsidence is occurring. 

Changes are also evident in glacial river runoff, with 
earlier onset of the melting season and enhanced late 
summer melting. Recent warming has also impacted 
the fauna and flora of Iceland. Tree limits are now 
found at higher altitudes than before and the produc-
tivity of many plants has increased. In the ocean, there 
have been significant changes associated with warmer 
sea surface temperatures. Several new species of fish 
have expanded their range into Icelandic waters, and 
Icelandic stocks that traditionally were mostly found 
along the south coast have expanded their range to the 
north coast.

During the 21st century the climate of Iceland is likely 
to warm even further. Natural variability, while consider-
able, will not overwhelm the projected long-term warming 
of more than 2°C during the century. Because of natural 
variability the warming is, however, likely to be uneven with 
the climate exhibiting rapid warming during some decades, 
but little or none in others. 

The projected warming is likely to cause a pronounced 
retreat of glaciers in Iceland. By the end of the century 
Langjökull, the second largest ice cap in Iceland is projected 
to have shrunk to 15 per cent of the size it was in 1990. 
The projected retreat is not as large for glaciers that are at a 
higher altitude, but by the end of the century they are still 
likely to lose at least half the volume they had in 1990.

Adaptation and Mitigation Strategies 

The Snæfellsjökull ice cap
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and societal systems, policy makers will need different 
methodologies and frameworks. Examples of these kinds of 
impact include changes in river runoff that may necessitate 
changes in the management of energy and water resources.

Capacity building to meet these challenges is ongoing. 
Institutional realignment, starting with the merger of the 
Icelandic Meteorological Offi ce (IMO) and the Hydrological 
Service will enable better support for policy makers. Climate 
information services must be strengthened to ensure that 
stakeholders have access to relevant information in a timely 
manner. It is also important to participate at the regional 
and international level. IMO has been active in several 
International Polar Year projects, leading one on hydrol-
ogy, called Arctic-Hydra. Furthermore, IMO has headed 
a series of Nordic-Baltic climate impact projects focusing 
on three main renewable energy resources; hydropower, 
biofuels and wind power, and how future climate change 
within the next 20–30 years can impact these resources. All 
the National Hydro-Meteorological Services in the region 
are partners in this cooperation, which in many respects 
constitutes a regional Climate Services Application Program 
for the Nordic-Baltic region, including Greenland. A future 
ambition is to develop the network into a formal Regional 
Climate Service Application Program.

The project also intends to contribute to the Nordic Council 
of Ministers Top-level Research Initiative Programmes 2009–
2013, which will focus on impact studies, adaptation to 
climate change and the interaction of climate change with the 
cryosphere, among other themes. Recognizing and respond-
ing to the risks and opportunities posed by climate change is 
a challenging task for both scientist and policy makers alike.

As a consequence, glacial river runoff will increase during the fi rst half 
of the 21st century and peak before its end. Hydropower potential can 
therefore be expected to increase in the fi rst half of the century. Based on 
past experience, changes in glacial riverbeds are likely, which can impact 
both energy production and road services. Furthermore, it is likely that 
production of magma will increase under the thinning Vatnajökull ice cap, 
which may result in more frequent or larger volcanic eruptions in the area.

Concomitant with the projected warming, further changes in biota 
are likely. The enhancement of plant productivity and upward displace-
ment of tree limits is likely to continue. The impact on marine life is more 
uncertain, not the least due to insuffi cient knowledge of the long-term 
consequences of recently discovered acidifi cation of the oceans. 

Impacts of projected climate change are likely to touch all sectors of 
Icelandic society. Projected increases in hydropower potential, along with 
enhanced plant productivity will affect the resource base of the country, 
while increased risk of fl ooding both from rivers and rising sea levels will 
infl uence planning and civil response. Because it is likely that there will 
also be impacts that are not presently anticipated, decision makers must 
be equipped to deal with uncertainties in impact projections.

The Fourth Assessment of the Intergovernmental Panel on Climate 
Change discusses the need for adopting risk management practices in 
dealing with projected impacts. In Iceland, there is a need to better quan-
tify the magnitude of impacts and assess the probability of signifi cantly 
adverse outcomes. To this end, further monitoring, systematic attribution 
and enhanced modelling, both of regional climate change and also of likely 
impacts, will be required.

Iceland already has substantial experience in dealing with risk manage-
ment of natural hazards, and existing frameworks can be adopted to deal 
with some climate risks, such as possible increases in extreme weather, 
fl ooding and volcanic eruptions. To deal with impacts that are not related 
to singular events but rather affect the background conditions of natural 

Thinning of Snæfellsjökull and glacial rebound in Iceland

Left: the changes in surface topography of the Snæfellsjökull glacier 1999-2008. The fi gure shows a widespread loss of ice, on average about 1.5 metres

per year. The red line indicates the outline of the glacier in 20001 Right: vertical motion of the land surface in Iceland based on measurements 1993-2004.

Positive numbers (green to red colours) indicate uplift, negative numbers (blue to violet colours) indicate subsidence2. Dots show the station network
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Feasibility issues: mitigation and 
adaptation to climate change in the Caribbean 

Andrea M. Sealy, Caribbean Institute for Meteorology and Hydrology

In recent years, there has been increased awareness of the 
vulnerability of the Caribbean to climate change and its 
impacts. One such organization that has been working to 

enhance the region’s ability to mitigate and adapt to climate change 
is the Caribbean Institute for Meteorology and Hydrology (CIMH). 

As a World Meteorological Organization (WMO) designated 
Regional Training Centre, CIMH has been involved in initiatives 
such as the Small Island Developing States Caribbean project, 
Caribbean Planning for Adaptation to Climate Change, Adaptation 
to Climate Change in the Caribbean and Mainstreaming Adaptation 
to Climate Change. It also participates in the Global Environmental 
Change and Food Systems initiative, which is an international, 
interdisciplinary research project focused on understanding the 
links between food security and global environmental change. In 
addition, CIMH has designed the Caribbean Water Initiative with 
McGill University’s Brace Center for Water Resources Management 
and Caribbean partner governments to address the complex chal-
lenges of water management in the region. 

Comprising of mostly small islands bounded by the northern, 
eastern and south-eastern coasts of South, Central and North America 
respectively, the Caribbean region is particularly susceptible to envi-
ronmental changes and impacts because of its geographic location and 

make-up. Islands have a unique vulnerability to climate 
change because of their relatively small size, limited natural 
resources and land use, remoteness, high external transport 
costs, time delays in accessing external goods and reduced 
quality in information fl ow. Other factors that exacerbate 
this region’s vulnerability include large coastal zones and 
limited hazard forecasting capabilities, coupled with public 
complacency. There are also economic and demographic 
factors such as limited human resources, densely populated 
coastal, urban and low-lying areas and small limited econo-
mies, which are dependent on high-risk industries such as 
tourism and offshore banking.

Long-term predictions for small islands
According to the Intergovernmental Panel on Climate 
Change’s Fourth Assessment Report (AR4), rising sea 
levels are likely to exacerbate fl ooding, storm surges, 
erosion and coastal hazards, thus posing a serious threat 
to the socioeconomic well-being of island communities. 
This will certainly affect the Caribbean islands where 
over half of the population lives within 1.5 kilometres 
of the shoreline. AR4 also predicts that in most climate 
change scenarios, small islands’ water resources are likely 
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Coral bleaching off the Florida coast

Bleached coral observed at Buck Island, St. Croix, US Virgin Islands, October 2005 (left) and map of preliminary bleaching reports with qualitative severity as 

reported by fi eld observers from September to November, 2005 (right)

Source: NASA/Ames Research Center and National Oceanographic and Atmospheric Administration
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to be conducted, particularly as the models used in AR4 
weren’t precise enough to calculate climate change in 
smaller islands, and as the parameters weren’t necessarily 
adjusted for tropical climates. 

Downscaling to improve climate predictions
According to IPCC’s AR4, there have been improve-
ments in the simulation of regional climates. This 
has resulted in improvements in established regional 
climate models (RCMs) and in empirical downscaling 
techniques. The report also states that both dynamic 
and empirical downscaling methodologies are improv-
ing to the point where they can simulate local features 
in present-day climates using observations provided by 
current global climate models (GCMs). 

In some cases, such as when sub-grid scale variations 
are minimal or when assessments are global in scale, 
regional information provided by GCMs may be suffi -
cient. Theoretically, the main advantage of obtaining 
regional climate information directly from GCMs is the 
knowledge that the internal physics are consistent from 
one scale to the next. GCMs cannot, however, provide 
accurate climate information at scales smaller than their 
resolution, neither can they capture the detailed effects 
of sub-grid scale forcings unless they are parameterized. 
The benefi ts of downscaling, therefore, depend on the 
spatial and temporal scales of interest, as well as the vari-
ables of interest and the climate information required. 

The scale of a study relates to whether or not high 
resolution information is needed. At a regional/small 
nation level, for example, there would be a need for 
high-resolution information given that some nations 
are not even represented in GCMs or they only occupy 
a few GCM grid boxes. The Caribbean islands are a 
prime example of a region that requires high resolu-
tion information. Here, statistical downscaling would 

to be seriously compromised, especially if water supplies are limited 
in the fi rst place. Add to this predictions from the Special Report on 
Emissions Scenarios (SRES), which show reduced summer rainfall for 
this region, and the likelihood of meeting water demand during low 
rainfall periods is slim.  

The outlook for fi sheries, which make an important contribution to the 
gross domestic product (GDP) of many island states, is also foreboding. 
AR4 confi dently claims that climate change, particularly changes in the 
occurrence and intensity of El Niño-Southern Oscillation (ENSO) events, 
is likely to severely impact coral reefs, fi sheries and other marine-based 
resources. In addition to this, an increase in sea surface temperatures, sea 
levels, turbidity, nutrient loading and chemical pollution, damage from 
tropical cyclones, as well as a decrease in growth rates due to the effects 
of higher carbon dioxide concentrations in ocean chemistry, is very likely 
to lead to coral bleaching and mortality.  

It is very likely that subsistence and commercial agriculture, and 
tourism – which is a signifi cant contributor to GDP and employ-
ment on many small islands – will be adversely affected by climate 
change both directly and indirectly. There is also a growing concern 
that global climate change is likely to have a negative impact on 
human health. Many small islands lie in tropical or sub-tropical 
zones with weather that is favourable to the transmission of diseases 
such as malaria, dengue, and food and waterborne diseases. If climate 
change causes an increase in temperatures alongside a decrease in 
water availability, the burden of infectious diseases in some small 
island states is likely to increase. A study of the relationships between 
dengue fever, temperature, and the projected effect of climate 
change on the transmission of dengue fever was undertaken in the 
English speaking areas of the Caribbean.1 Carried out because of the 
recent increases in dengue fever outbreaks and predicted tempera-
ture increases, the study revealed that occurrences of dengue fever 
are sensitive to factors such as temperature and rainfall. This, and 
IPCC’s projected long-term changes in climate, should be a source 
of concern for public health offi cials in the Caribbean. 

Given these predictions it is clear that focused region-specifi c  climate 
model parameterizations need to be developed and assessments need 

Example of temperature output from GFS (left) and WRF (right) at 100 km and 18 km resolution respectively

Source: Caribbean Institute for Meteorology and Hydrology (CIMH)

Surface temperature (degrees K) Surface temperature (degrees K)
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Comparison between observed and predicted precipitation

Time series of observed and artificial neural network reconstructed 

precipitation for 30 per cent of data randomly degraded (top) and scatter 

plot of reconstructed against observed precipitation for 30 per cent 

degraded data (bottom)

Source: Caribbean Institute for Meteorology and Hydrology (CIMH)

be appropriate to predict climate change, but a combined approach 
where regional models are also statistically downscaled would be 
valuable. Additionally, islands that are small, irregular land masses 
would benefit greatly from high resolution modelling, as processes 
such as land/sea breezes, which are a result of the different thermal 
characteristics of land and ocean, cannot be captured by a GCM. 

The type of climate information required may also influence 
whether or not high resolution modelling is desirable. Certain 
surface variables, such as surface temperature or precipitation, are 
more likely to be significantly improved by using high-resolution 
data as opposed to atmosphere variables such as 500 hectopascal 
heights. One may have a case where a low resolution model gives 
fairly accurate mean rainfall, however capturing extreme precipita-
tion events usually requires high resolution models.

In recent years, there has been an increase in use of RCMs through-
out the Caribbean. These models use dynamical downscaling and 
provide more accurate representations of physical processes. There are 
a number of Caribbean institutions – Climate Studies Group Mona 
(CSGM), University of the West Indies, Instituto de Meteorologia de 
la Republic de Cuba and the Caribbean Community Climate Change 
Centre –that, through their collaborative efforts, have produced 
regional climate change projections that can be used by researchers 
and policy makers to assess potential impacts and develop adaptation 
plans. Extensive work is being done to ensure these products will 
be readily accessible and available to the wider community in addi-
tion to universities and research centres. CSGM also uses statistical 
downscaling to downscale global projections to specific observa-

tional stations. Statistical downscaling of temperature 
and precipitation from global models to station sites 
in Barbados, Jamaica and Trinidad was undertaken in 
an Assessments of Impacts and Adaptations to Climate 
Change in Multiple Regions and Sector Small Island 
States SIS06 project. Information from these climate 
scenarios would be useful to policy makers for charting 
adaptation and mitigation strategies for the region.

CIMH has investigated the plausibility of using an 
artificial neural network (ANN) to reconstruct missing 
daily precipitation data for a rainfall station in Guyana. 
This functionality was tested by asking ANN to predict 
data at a station using incomplete data as well as data 
from nearby stations. Comparisons of the predicted 
data to actual measured data at the site showed good 
correlation, even though the data given to ANN had 
30 per cent of its values randomly removed. Further 
ongoing studies are being conducted to assess the effec-
tiveness of the ANN technique for longer time series. If 
successful, this would support statistical downscaling 
of climate models and climate change impact studies in 
the Caribbean region.

Future work at CIMH
Future climate-oriented work at CIMH will focus 
on investigating long-term climate variability with 
the intention of improving predictions and enhanc-
ing understanding of climate change in the region. 
Research will be conducted using mesoscale climate 
models such as the weather research and forecasting 
model to obtain information about the variability of 
climate in the region and to determine the medium- 
to long-term variability of weather systems affecting 
Caribbean climate. 

Additional research will use mesoscale climate models 
to examine the effects of Saharan dust on Caribbean 
climate. Long-term monitoring studies in the Caribbean 
region have shown large interannual increases in atmos-
pheric dust concentrations. Atmospheric dust can 
influence the Earth’s radiative budget directly, by scat-
tering solar radiation in the atmosphere, and indirectly, 
by changing cloud condensation nuclei concentrations. 
Dust has also been linked to reduced precipitation 
in the Caribbean and to changes in seasonal rainfall 
patterns.2 It may also be a major source of tropical 
hurricane suppression in the Northern Tropical Atlantic 
due to factors such as cooling of sea surface tempera-
tures in the main hurricane development region3 and 
the Saharan Air Layer.4

A key regional initiative that would be of great benefit 
to any mitigation and adaptation strategy would be an 
objective intercomparability and assessment study, 
which would enhance understanding of the range and 
causes of uncertainties in climate model outputs and the 
model biases for the Caribbean region. It would also be 
useful in showing how model predictions may change 
according to different scenarios. Information from all 
these model simulations and intercomparisons would 
be useful for adaptation and mitigation initiatives.

Water resource management and adaptation  
initiatives to the challenges of climate  
variability and change in Singapore 

Chang Chian Wui, Deputy Director Policy and Planning, Public Utilities Board, Singapore
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Water resource management and adaptation  
initiatives to the challenges of climate  
variability and change in Singapore 

Chang Chian Wui, Deputy Director Policy and Planning, Public Utilities Board, Singapore

Singapore is blessed with some 2,400 millimetres of rainfall 
each year. Unfortunately, it is a small island with only 700 
square kilometres of land. The growing population and 

economy exert pressure on land use, with land for water catch-
ments competing with industry and housing. The lack of land to 
collect and store rainwater, high evaporative losses and lack of 
natural aquifers has led Singapore to be considered water scarce 
by the United Nations, ranked 170th of 190 countries in terms 
of freshwater availability. 

The Intergovernmental Panel on Climate Change (IPCC) Fourth 
Assessment Report (AR4) estimates that temperature rise in 
Southeast Asia over the next century will be similar to the global 
mean temperature rise of 2.8°C. It also suggests that sea level will 
rise close to a global mean of 21-48 centimetres and changes in 
annual precipitation will range from –2 per cent to +15 per cent with 
a medium of +7 per cent. The projection is broadly for wet season 
rainfall increase and dry season rainfall decrease. Extreme events are 
likely to become more intense in the region.

The potential impacts are water scarcity, increased 
flooding and rising sea level. To better understand these 
impacts, the Singapore Government has commissioned a 
vulnerability assessment, to be completed in 2009. The 
study is conducted by the local university, together with 
a team of foreign experts, and is based on IPCC emission 
scenarios and global circulation models. It projects the 
effects of climate change in the next century – changes 
in ambient temperature, sea levels and currents, storm 
surges, rainfall intensity and duration, wind patterns 
and intensity and resulting impacts on water availability, 
flooding, coastal erosion, land loss and slope stability. The 
results will facilitate the identification of new adaptation 
measures and a review of existing ones. 

Integrated water resources management
As Singapore’s integrated water agency, the Public 
Utilities Board (PUB) is responsible for the management 
of the entire water loop – from storm water collection 
to potable water supply, used water collection and 
treatment, water reclamation and seawater desalina-
tion. Singapore’s water strategy can be summarized by 
PUB’s corporate tagline: ‘Water for All: Conserve, Value, 
Enjoy’. ‘Water for All’ refers to the supply strategy of a 
diversified and sustainable supply of water. ‘Conserve, 
Value, Enjoy’ emphasizes water conservation and PUB’s 
approach to involving stakeholders and the community 
in its work. 

Water for All
A diversified supply system with four different sources 
is in place – local catchments, imported water, 
‘NEWater’ and desalinated water. ‘The Four National 
Taps’ not only meet long-term needs, they also increase 
resilience against climate uncertainties. Three are 
primary sources. They are, in effect, the ‘first drops’ of 
water obtained from the water catchments or the sea. 
NEWater is a secondary source created by recycling. 

Regarding local catchments – although Singapore 
has very limited land, segregation of storm runoffs from 
used water, judicious land use, vigilant surveillance and 
strict enforcement have enabled half of the area, includ-
ing housing estates and urban zones, to be tapped for 
water catchment. The new Marina Reservoir, completed 

Adaptation and Mitigation Strategies 

The Marina Barrage creates a reservoir in the city, alleviates floods and offers an 

attractive recreation area
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results in another drop at a multiplier of two. At higher 
recycling rates, a higher multiplier effect could be 
achieved. Instead of building all new capacity through 
catchment expansion or costly desalination, 50 per cent 
of it can be made up through recycling. 

Both desalination and NEWater have important roles 
to play to mitigate climate change. Both also have the 
advantage of being independent of rainfall fluctuations, 
thus increasing resilience against variation. Together, they 
have put Singapore in a strong position to meet long-term 
sustainability and the uncertainties of climate change. 

Conserve, Value, Enjoy
Reducing demand is another key strategy. PUB recog-
nizes that simply encouraging the public to conserve 
water is not enough – a holistic approach is required. 

PUB has a network management plan to ensure 
that leaks are minimized, thus reducing unaccounted 
for water. The use of good quality pipes and fittings, 
efficient management, active leakage controls, manda-
tory and accurate metering and strict legislation on 
illegal draw-offs has reduced losses from 10 per cent 
in the early 1990s to less than 5 per cent today. The 
network has less than seven leaks per 100 kilometres 
annually, a vast improvement from the 1980s, when 
there were more than 100 per 100 kilometres. This has 
been achieved by using good pipe materials, system-
atically replacing old pipelines and the active detection 
of underground leaks. By reducing losses and keeping 
them in check, there is less pressure to expand sources. 

PUB has also addressed the issue of water pricing. A 
Water Conservation Tax (WCT) is imposed on every 
drop of potable water supplied. This is applicable to 
all users, both domestic and non-domestic. The WCT 

in 2008, is located right in the heart of the central business district. It 
collects runoffs from the largest, most urbanized catchment (10,000 
hectares), and increases water catchments to two-thirds of land area. 

Singapore imports water from Malaysia through the 1961 and 
1962 Water Agreements, until 2011 and 2061 respectively. Water 
from local catchments and that imported under these agreements 
is sufficient to meet Singapore’s needs. It has, nevertheless, supple-
mented them with NEWater and desalination, ensuring there will be 
no need to renew the 1961 Water Agreement by 2011. This ensures 
long-term self-sufficiency if necessary. Singapore’s first desalination 
plant was commissioned in 2005 to supply 136,000 cubic metres per 
day of desalinated water for 20 years.

NEWater is the jewel of Singapore’s diversification strategy. It is 
produced through a multi-barrier treatment process that comprises 
conventional used water treatment, microfiltration, reverse osmosis 
(RO) and finally, ultraviolet disinfection. 

To ensure safety, a demonstration plant was opened in 1998 and 
operated over two years to test for robustness and reliability, with 
more than 20,000 tests carried out for 190 water quality param-
eters. Results showed that quality was well within USEPA and WHO 
standards and guidelines. It was also independently verified by an 
international and local expert panel. NEWater is now supplied for 
non-potable use on a largescale to major industrial complexes, 
including wafer fabrication plants, petrochemical complexes, 
refineries and power stations. A small percentage is introduced 
into reservoirs for indirect potable use. There are now four plants 
supplying 15 per cent of demand. When the fifth, and largest plant 
is completed in 2010, this will increase to 30 per cent.

Apart from freeing up a large amount of potable water for other 
purposes, NEWater has a strategic role in ‘multiplying’ the supply 
achieved through recycling. If 50 per cent is recycled supply could 
theoretically be doubled. From recycling one drop of water, 0.5 
drops could be obtained. This 0.5 can in turn be recycled to get 0.25 
and then 0.125 drops, and so on. Theoretically, recycling one drop 

Reverse osmosis treatment for NEWater Bottled NEWater for public education and publicity programmes
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emphasizes that water is a scarce and precious resource from the 
very first drop. The tariff and WCT are increased for households 
that consume more than 40 cubic metres per month to encourage 
conservation. 

Mandatory conservation measures include low capacity flushing 
cisterns, constant flow regulators, self-closing delayed action taps 
and maximum allowable flow rates. Voluntary measures include 
community-driven public education programmes such as ‘Water 
Efficient Homes’ and the ‘10 Litre Challenge’. Under the programme, 
DIY water saving kits consisting of flow resistors, cistern bags and 
leaflets were supplied to residents free of charge. 

Domestic water consumption reduced from a peak of 176 litres per 
person per day in 1994 to 157 litres in 2007. PUB expects to lower 
this to 155 by 2012. Annual water demand growth rate since 1995 
has been kept low at about 1.1 per cent, despite GDP and popula-
tion growth of 5.1 per cent and 2.2 per cent per annum respectively. 

Active, Beautiful, Clean Waters
Beyond conservation, PUB has embarked on efforts to get people to 
value and enjoy its ‘blue assets’ through the Active, Beautiful, Clean 
Waters programme. Singapore has 32 rivers and will eventually have 
17 reservoirs. In addition to source control and mitigation measures 
to ensure good water quality, PUB also takes a community approach 
by transforming concrete canals into beautiful and vibrant spaces for 
recreational activities. 

To gain building industry support, PUB developed a set of design 
guidelines providing instructions on the design of water sensitive land-
scaping features such as bio-swales and rainwater gardens. Such features 
soften harsh concrete canal edges while removing nutrients in the storm 
water. Peak flows in the drains and waterways are also reduced as water 
is retained for a longer time before reaching the waterways. 

Leveraging on innovation and technology
A small country with no natural resources, Singapore has always 
used technology as part of its nation-building efforts. As such, there 

have been heavy investments in technology to seek 
solutions for its water needs.

Seawater desalination is still costly, being over three 
times more energy intensive per cubic metre than 
NEWater or conventional treatment. With rising oil 
prices, this will be accentuated. Future development 
in desalination lies in reducing energy consumption. 
PUB is exploring various alternatives such as membrane 
distillation and variable salinity plants, which treat both 
freshwater and seawater. The Singapore Government 
has challenged the research community to produce 
viable alternatives that desalinate seawater at 50 per 
cent more energy efficiency than current technologies. 
It attracted local and overseas research companies, and 
Siemens Water Technologies clinched the deal with a 
novel electrically driven desalination process. Siemens 
received SGD4 million (USD2.7 million) worth of funds 
to investigate the concept. If successful, it would benefit 
other countries as well as Singapore.

Flooding and sea-level rise
In the 1960s and 1970s, floods were common and wide-
spread, especially in the city area. In 1978, Singapore 
experienced its most severe flood when 512 millimetres 
of rain was recorded over 24 hours, coinciding with a 
high spring tide. Roads were submerged under a metre 
of water. Seven people died and more than 1,000 were 
evacuated from their homes. Since 1973, over USD1.3 
billion has been spent to construct new drains and 
canals. Flood-prone areas have been reduced from 
3,200 hectares in the 1970s to 124 hectares today, even 
as urbanized areas have increased.

Higher sea levels due to climate change will pose a 
challenge for drainage. As much of Singapore’s coast 
is reclaimed land, in 1991 PUB insisted that reclaimed 
land is constructed at least 125 centimetres above the 
highest recorded tide level. This has put Singapore in 
a stronger position, as IPCC AR4 projects a maximum 
sea-level rise of 59 centimetres. Plans are in place to 
ensure that drainage infrastructure can meet the effects 
of climate change. The Vulnerability Study will review 
drainage design, produce new flood maps and facili-
tate adaptation measures; such as the setting of new 
minimum platform levels for developments and land 
reclamation, increasing tidal gate height at estuarine 
reservoirs, and protection of foreshore and coastal areas 
including beaches and mangrove habitats.

Singapore has taken steps to prepare for climate 
change. The Four National Taps not only meet long-
term needs, they also mitigate future uncertainties, 
as NEWater and desalination are not affected by the 
vagaries of weather. The development of NEWater is 
even more strategic as it effectively doubles Singapore’s 
resources. Conservation and efficient management of 
the network will continue to be given high priority to 
keep demand growth low. Innovation has played a key 
role in developing sustainability and Singapore will 
continue to invest heavily in research and new water 
technologies. 

Transformation of waterways
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Danish perspectives on climate 
change and adaptation strategies 

Connie Hedegaard, Minister for Climate and Energy, Denmark

Throughout history mankind has had to adapt to the 
prevailing conditions of planet Earth – adjusting his 
whole way of life according to local climate variability 

and other related events. But never before has mankind faced 
such extenuating pressures and threats to its very existence. 
The increasing concentration of greenhouse gases in the atmos-
phere is causing unprecedented changes to the balance of our 
climate system and forcing us to adapt to conditions of which 
we have no previous experience. Furthermore, the global popu-
lation continues to rise and is expected to reach 9 billion by 
2050. This generates an increasing need for fresh and adequate 
food and water, new infrastructure and sustainable develop-
ment – all while addressing climate change. This challenge is 
nothing short of what Al Gore has repeatedly referred to as: ‘a 
planetary emergency’.

Changes in temperature, precipitation patterns, sea ice extent, sea-
level rise and the frequency of extreme weather events have already 
been observed, with more expected to come. It is predicted that in 

the coming decades billions of people will experience 
water shortages, decreases in crop yield and food supply, 
increased drought and flooding, inundation of coastal 
areas and health risks to which they are not accustomed. 
All these things combine to threaten the very lives and 
livelihoods of the world’s people. This is particularly 
true for those in developing countries, especially least 
developed countries and small island developing states 
(SIDS), which are extremely vulnerable and less able to 
adapt to climate change. The effects of climate change 
facing the world’s poor people and vulnerable groups 
will worsen their already precarious living conditions 
and potentially reverse the progress of sustainable devel-
opment. The lack of financial, social and technological 
resources available to the world’s most vulnerable makes 
them less resilient. As such, we have a moral impera-
tive and the opportunity – in connection with the 15th 
United Nations Conference of the Parties (COP15) – to 
improve this situation. 

Adaptation and Mitigation Strategies 
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The Arctic sea ice extent in 2007 was 38% below average, resulting in an ice-free opening through the Northwest Passage that lasted several weeks. 

This anomaly caught the attention of the world, including the scientific community
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vulnerabilities to climate change, and determine options 
and ways to adapt to these impacts, concerted and coor-
dinated efforts at a much greater scale are needed. But 
where should we begin? 

The Fourth Assessment Report of the IPCC offers 
some guidance on this. Maps identifying future changes, 
as well as key climate indicators, may help guide initial 
adaptation efforts around the world. There is no doubt 
that we need more research – particularly on a regional 
scale – but we do know enough to act. 

Science and information are at the heart of addressing 
the challenge of adaptation. Although climate change is 
a global phenomenon, the impacts are experienced at the 
local level. The degree of vulnerability to these impacts 
depends on many factors and varies from one place to 
another. Without timely and spatially relevant climate 
information, national governments and communities are 
ill-equipped to plan for and manage emerging climate 
risks. Denmark has taken the first steps, but many devel-
oping countries require strengthened climate research 
and observation infrastructures in order to obtain locally 
relevant information. 

Having the appropriate information, however, is only 
the first step of many towards developing a national 
strategy for adaptation to climate change and building 
resilience. Given the diversity of circumstances and 
different priorities of each nation, there is no specific 
recipe for how to plan for anticipated climate impacts. 
However, based on its experience, Denmark has found 
some ingredients to be essential. 

Prior to the adoption of its national adaptation 
strategy in early 2008, Denmark underwent a long intra-

Few other places on earth are as telling of climate change impacts 
as the Arctic. The region is experiencing an increase in temperature 
twice that of the global warming average. Although the Arctic has 
historically been both vulnerable and  resilient, the current extent and 
speed of human-induced climate change is terrifying. The melting, 
and subsequent retreat, of sea ice and glaciers is occurring at a far 
greater rate than climate models and scientists perceived possible 
just a few years ago. Changes in the Arctic will reverberate globally, 
directly impacting the planet as a whole through rising sea level, and 
indirectly through impacts on global weather conditions such as feed 
backs, changes in global albedo, content of atmospheric greenhouse 
gases and ocean currents. Furthermore, ecosystems and species that 
thrive in this fragile environment – which often constitute the liveli-
hood of indigenous peoples – are speeding toward an ill fate. This 
poses new challenges to the resilience of Arctic life and to the adaptive 
capacity of indigenous peoples in the north. Many such populations 
depend on hunting, fishing and gathering – not only for food and to 
support the local economy, but also as a basis for social and cultural 
identity. Indigenous knowledge and observations have provided an 
important foundation for survival, but as the pace of climate change 
accelerates these traditional skills need to be complemented by scien-
tific research. This will strengthen their adaptive capacity to deal with 
climate variability, climate change and its impacts.  

Since the Third Assessment Report of the Intergovernmental Panel 
on Climate Change (IPCC), it has been clear that the global ecosys-
tem will change and that our societies and ecosystems will need to 
adapt to climate change and extreme events – even with ambitious 
greenhouse gas emission reduction targets and rigorous mitigation 
actions. This has been reinforced in the Fourth Assessment Report 
from the IPCC. A great deal of work has been undertaken both within 
and outside the United Nations Framework Convention on Climate 
Change (UNFCCC) process. However, to assess the impacts of and 
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The IPCC predicts that if global mean temperatures exceed a warming of 2 to 3°C above preindustrial levels, approximately 20 to 30% of plant and animal species 

are likely to be at increasingly high risk of extinction. This will have enormous implications for ecosystem services on which our global ecosystem depends
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data relevant to adaptation – including a climate adap-
tation web portal (www.klimatilpasning.dk). In order to 
ensure that the strategy is based on the best available 
science and will sufficiently address anticipated climatic 
changes, Denmark has also established a Coordination 
unit for Research on Climate Change Adaptation. This 
coordination unit will promote cooperation and knowl-
edge sharing among national and international research 
centres and provide climate data and state-of-the-art 
climate research results to the Information Centre in 
order to keep the climate adaptation web portal users 
up to date. This will include research related to the 
atmosphere, hydrosphere, biosphere, cryosphere and 
technosphere.   

Although planning for anticipated adverse effects 
of climate change is invaluable, socioeconomic struc-
tures and ecosystems require time to adapt to new 
conditions. However, there is hope in the fact that 192 
very diverse countries agree that humanity is facing a 
serious problem and are willing to collectively confront 
the challenge and find solutions. Since its inception in 
1992, UNFCCC has been the cornerstone for interna-
tional action on this topic. For nearly 20 years, these 
countries have set goals and taken steps to avoid and 
to adapt to dangerous climate change. However, as 
science continues to advance and our understanding 
improves, it has become clear that our goals need to 
be farther-reaching to address the challenge we face 
today. In 2007 in Bali, Indonesia, all 192 Parties to the 
Convention collectively agreed to start a process to 
determine what is necessary to mitigate climate change, 
how to enhance action on adaptation, and determine 
what financial and technological means are necessary 
to fulfil these common goals. Since that time, Parties 
have worked diligently with the aim of agreeing the 
essential elements by December 2009, when they will 
meet for the 15th time, in Copenhagen. This meeting 
will provide the tools necessary to make the world a less 
hazardous place to live in the future. 

Climate change knows no borders, nor does it discrim-
inate, but the impacts carry a social imbalance. Weak 
and poor people are harder hit by extremes compared 
to more affluent groups of society. And like the butterfly 
effect, in our global civilisation where our livelihoods 
and economies are interwoven, climate impacts that 
affect human beings in one place, have an impact and 
effect on those in another. Courage and truly global 
concerted action is needed to address climate change 
and to build adaptive capacity in developing countries 
so that we can all cope with the adverse climatic impacts 
now and in the future. We must uniformly recognize 
the sense of urgency for adaptation that has been high-
lighted by the IPCC, by SIDS, and by the many voices 
in developing and least developed countries, and we 
must respond accordingly. Leading up to and beyond 
COP 15, we must all move forward together and create 
a world that is truly sustainable for our own generation 
and all those to come. To do anything less, we would be 
burning the bridge between our rise and fall.

governmental process to come to terms with the need to adapt to, 
and best manage, climatic change. Existing climate information and 
extensive modelling capacities enabled Denmark to predict future 
climatic changes, which include increased precipitation (particularly 
during winter), milder winters, warmer summers, sea-level rise, 
stronger winds and an increasing occurrence of extreme weather 
events. Thereafter, an inter-ministerial working group was set up 
to draft a science-based government strategy and conduct public 
consultations with all relevant stakeholders. After careful delibera-
tion involving all sectors of society, and finally a public hearing, the 
strategy was adopted by the Danish Parliament. The importance of 
close partnerships, alliances and participation by many stakeholders 
in achieving the overall goal cannot be understated. 

The Danish strategy encompasses all vulnerable sectors and stresses 
the importance of early action – both autonomous and at the national 
level – to implement adaptation measures to climate change. But any 
national strategy can only be as good as the information upon which 
it is based. Timely and relevant information at the appropriate scale is 
crucial. As such, the Danish strategy is flexible enough to incorporate 
new knowledge and information on future climate change into each 
stage of planning and development. Flexibility is important so that all 
stakeholders have the best possible foundation for considering their 
adaptation options and to learn from lessons and experience gained. 

To raise awareness and support action at the national and local 
level, Denmark has undertaken several initiatives. A cross-ministerial 
Coordination Forum on Adaptation has been established to evaluate 
progress in implementing the strategy, as well as to monitor and share 
knowledge and experience about climate adaptation between sectors 
and authorities at all levels. An Information Centre on Adaptation 
was created to communicate the strategy, current knowledge and 
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Approximately 40,000 medium to large sized icebergs calve annually in Greenland, 

many of which travel as far south as 47o north latitude. These icebergs have 

travelled for up to two years, finding their way to the coast of Newfoundland, Canada

Coastal erosion and the Adaptation to Climate 
Change in Coastal zones of West Africa project 

Dr Isabelle Niang, Regional Coordinator of the Adaptation to Climate Change in Coastal zones of West Africa project, 
United Nations Educational, Scientific and Cultural Organization/BREDA, Dakar
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Coastal erosion and the Adaptation to Climate 
Change in Coastal zones of West Africa project 

Dr Isabelle Niang, Regional Coordinator of the Adaptation to Climate Change in Coastal zones of West Africa project, 
United Nations Educational, Scientific and Cultural Organization/BREDA, Dakar

Coastal erosion is a major problem for Africa and was 
recently the subject of a continental conference initiated by 
the President of Senegal, His Excellency Abdoulaye Wade. 

In northwest Africa, the coasts are economically important since 
a large part of the gross domestic product (GDP) is derived from 
coastal activities such as fishing, tourism and commerce. This is 
one reason why populations are concentrated along the coastline, 
with a rate of urbanization slightly higher than the interiors. As a 
result, many capitals and major towns are coastal. 

Along the northwest coast of Africa average rates of coastal retreat 
are between one and two metres per year. However, more serious 
rates of up to hundreds of metres per year have been observed 
locally, especially when the process has been created by human 
activities. Coastal erosion has devastating effects, inducing the loss 
of infrastructure such as roads. It also threatens populations, who 
can no longer live close to the coastline.

Coastal erosion is expected to increase due to climate change and 
sea-level rise. This will bring other problems such as salinization of 
water and soils, degradation of ecosystems and flooding. Such predic-
tions were reiterated in the fourth Intergovernmental Panel on Climate 
Change (IPCC) report. Moreover, recent studies indicate that sea level 

observations are already higher than the maximum limit 
of IPCC projections. This means that we can expect more 
than the one-metre sea-level rise projected for 2100, a fact 
that the rapid melting of the Greenland ice sheet, as well 
as strong indications that the western part of the Antarctic 
ice sheet is also melting, strongly support. 

Whatever the dispute about the rates and amounts 
of sea-level rise, it is evident that coastal populations 
and ecosystems will need to adapt to these changes. 
For human beings only three options are available 
to combat coastal erosion: retreat, accommodate or 
protect. A very limited number of studies – conducted 
mainly during preparation of the Initial National 
Communications from Parties not included in Annex 
I of the United Nations Framework Convention on 
Climate Change (UNFCCC) – indicate that the costs 
of adaptation are likely to be lower than the impacts 
costs of doing nothing. However, the cost of adaptation 
is already considered to represent between 5 and 10 
per cent of the GDP of affected countries, which is a 
significant sum, especially for the economies of the least 
developed countries. This debate is by no means over, 
since all the elements that could allow a significant cost-
benefit analysis are not yet available. A limited number 
of adaptation options (mainly sea walls) were evalu-
ated but indirect costs (expertise, manpower, technical 
help) have not been considered. Even the retreat option 
would have a cost – both economically and socially. 

As was stated at the last African Ministerial 
Conference on the Environment in Nairobi, adaptation 
is a high priority for Africa. Indeed any post-2012 agree-
ment at the UNFCCC 15th Conference of Parties (to be 
held in Copenhagen in December 2009) should include 
a discussion of adaptation, along with concrete actions 
to support any resolutions made. 

The Adaptation to Climate Change in Coastal zones 
of West Africa (ACCC) project is a tentative response to 
the problem of coastal erosion. The Global Environment 
Facility project focuses on three main areas of concern: 
coastal erosion, biodiversity and climate change. It oper-
ates on a sub-regional level and involves five countries: 
Mauritania, Senegal, Gambia, Guinea Bissau and Cape 
Verde. National components will develop pilot activities 
in selected sites – one per country – with the aim of 
reducing the threat of coastal erosion, while increas-
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during the regional inception meeting, which took 
place in November 2008.

The ACCC project is one of the various sub-regional 
efforts to adapt to climate change in costal zones, includ-
ing: the West African Economic and Monetary Union, 
with its project on coastal erosion; the International 
Development Research Centre, with its programme 
on Adaptation to Climate Change in Africa; and Le 
Programme régional de Conservation de la zone Côtière 
et Marine en Afrique de l’Ouest, which is a consor-
tium of NGOs focused on protecting the marine and 
coastal areas of West Africa. The point of this ACCC 
project is to promote multiple adaptation responses to 
combat coastal erosion, since no single option can fit all 
circumstances. The inclusion of stakeholders through 
sensitization campaigns and activity-integration is an 
important aspect of this project. By involving stake-
holders the project benefits from a wide variety of 
experiences, as well as becoming a larger network. 

The actions taken during this project are also 
expected to promote the development of biodiversity, 
since improving the marine environment improves the 
well-being of the wildlife that depends on it – includ-
ing turtles and marine birds. Combating coastal erosion 
by developing adaptation systems clearly works, while 
preserving biodiversity and involving all stakehold-
ers are efficient ways to prepare communities and 
ecosystems for better adaptation to climate change and 
its consequences along West Africa’s coastal zones. 
Integrated coastal management will also contribute to 
the resilience of coastal ecosystems and populations to 
a future environment affected by climate change.

ing biodiversity and strengthening the adaptive capacities of local 
communities and ecosystems. The project will also try to include 
climate change considerations in different development plans – for 
example, tourism strategy and master plans for coastal towns. 

One of these pilot projects will take place in Varela, Guinea Bissau, 
where extremely rapid coastal erosion is occurring. Activities on the 
site include cleaning the beach (mostly material left by a former tourist 
industry infrastructure), mangrove restoration and afforestation. These 
activities will be conducted with local non-governmental organizations 
(NGOs) and represent an opportunity to conduct awareness training 
with different levels of society, including women and the young. At a 
national level, agreements have been made with the Ministry of 
Tourism to include climate change aspects, as well as integrated 
coastal management, in its strategy development.

Regional components will aim to develop training on a variety 
of related matters. Three regional training workshops have already 
been organized on climate change and coastal zones, techniques 
for mangrove restoration and littoral dune afforestation. A shared 
environment consisting of a website, network and database is 
being created. This will enable exchange of experiences, support 
sub-regional activities to increase the opportunities for decision 
makers to act, and increase the design and implementation of inte-
grated coastal zone management policies. 

In the coming months there will be a forum of sub-regional 
parliamentarians to discuss how they can contribute to better 
management of the coastal zones in a context of climate change. 
A ‘training of trainers’ will be organized to launch the Sandwatch 
programme, which is supported by UNESCO in the Caribbean 
and Pacific islands regions, and seeks to teach scholars how to 
monitor beaches effectively. Appropriate communication tools 
will be developed to enhance the visibility of the project and find 
co-funding. A monitoring and evaluation framework was defined 
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Coastal erosion along the beach of Varela (Guinea Bissau)
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Adaptation as development:  
an inconvenient truth? 

Lloyd Timberlake, Commission on Climate Change and Development, Ministry of Foreign Affairs, Sweden

The international Commission on Climate Change and 
Development, which published its report in May 2009, 
assumed that it would be able to narrowly and precisely 

define adaptation – in terms of adaptation to climate change – 
and having done so clearly describe how to manage and finance it.1

Given that the Commission was chaired by the Swedish Minister 
for International Development Cooperation, Gunilla Carlsson, there 
was also a large emphasis on figuring out how much adaptation 
would add to the basic costs of development. 

It is a common assumption, even by the experts, that such reck-
oning is possible. In a 2008 technical paper on funding adaptation 
and mitigation, the UN Framework Convention on Climate Change 
secretariat wrote: “An increased effort to calculate adaptation needs 
through regional or national bottom-up assessments, as opposed to 
global top-down estimates, is evident. But regardless of the number 
of financial assessments, their precision can be improved only 
through a better understanding of adaptation and how it is addi-
tional to a development baseline.”2 

No simple equation
However, after much deliberation and study the 
Commission concluded that, while such efforts to calcu-
late adaptation needs are helpful, especially by bottom-up 
assessments, they are unlikely to ever arrive at a precise 
answer to ‘development costs plus adaptation costs’. 

True, much ‘extra’ infrastructure will need to be built 
in developing countries to manage sea-level rise, chang-
ing freshwater availability and the like. All this can be 
costed. But much of the response to climate change 
must come in the form of ‘software’ rather than the 
hardware of infrastructure, and the costs of this soft-
ware are much harder to estimate. 

Climate change is usually discussed either in terms 
of a gradual rise in average global temperature or as an 
increase in major disasters such as hurricanes, floods 
and droughts. But for most people in the develop-
ing world it is experienced as neither, but instead as 
increased uncertainty. The Malian farmer faces weather 
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Climate change means countries such as Bolivia face increased uncertainty 
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not want this debt to become entangled with the broken 
promises and the charitable nature of official develop-
ment assistance. 

Yet, perhaps the idea that adaptation and development all 
but overlap will help governments keep in mind the truth 
of Lord Nicholas Stern’s statement that: “Development and 
climate change are the central problems of the 21st century. 
If the world fails on either, it will fail on both. Climate 
change undermines development. No deal on climate 
change that stalls development will succeed.”3

After visiting developing countries in Asia, Africa, and 
Latin America – and in each case visiting villages and rural 
areas – the Commission concluded that while climate 
impacts may be huge, they will be experienced locally, by 
individuals, families and villages. It is at this level that adap-
tive capacities and resilience must be increased. 

This does not in any way decrease the role of the 
national government; in fact it suggests that national 
governments must be much better at connecting with 
remote areas and peoples. Examples of how this is being 
done are apparent in the partnerships with non-govern-
mental organizations (NGOs) and UN organizations. 

There is also an alarming tendency in some countries 
for national governments to decentralize responsibili-
ties to local communities – for running things like the 
schools and health clinics – without decentralizing the 
funds to do so, or seeing to it that local leaders were 
trained for the tasks. This tendency increases, rather 
than decreases, vulnerability. 

Yet the instinct to rely on local people is correct, for 
they have been managing climate variability for centuries 
and have much pertinent knowledge and many necessary 
skills. The Commission found that part of the Bolivian 
government’s integrated response to climate change 
involves systematically gathering material on the tradi-
tional strategies the country’s various different cultural 
groups have used in coping with climate variability. 

Development with risk management
Once one begins to see adaptation as development with 
risk management, and view the development process from 
a local angle, one can see how the various sectors of the 
development process will need to be managed differently. 

Take energy. No nation has developed economically 
without increasing access to modern energy services. 
Yet, energy access issues tend to be separated from 
climate mitigation and adaptation issues. 

Recent research has shown that the burning of biofu-
els such as firewood, crop residues and dung may be 
more damaging to the climate than using a ‘modern’ 
carbon-based fuel like liquefied petroleum gas (LPG). 
LPG is also healthier in that it causes less indoor air 
pollution, its use does not tax forests or other ecosys-
tems and it does not have to be laboriously gathered and 
hauled. Some governments have successfully encour-
aged shifts from firewood to LPG. 

In terms of water management, systems need to be 
improved at all administration levels. At the regional 
level the focus should be on defining transboundary 

patterns never seen before: too little rain one year, too much the 
next. The Samoan fisherman sails on less predictable seas. The high-
land Bolivian farmer is threatened by malaria for the first time in 
recorded human history. 

Uncertainty increases vulnerability, especially for those whose 
lives depend directly on natural systems. They need new software in 
the forms of education, data and knowledge. They need democratic 
governance and political voices to articulate views and concerns. 
They need effective local governments connected to national govern-
ments. They need markets that work for them so that they can trade 
and build their assets to tide them through illness, bad harvests and 
the smaller, local disasters that they are experiencing more of. 

In short, they need development, but of a new kind that manages 
risks. For it is development that decreases vulnerability, and decreas-
ing vulnerability to climate change decreases vulnerability to other 
threats such as high prices for food and energy. 

The adaptation development overlap
The conclusion that adaptation equals development, but a more 
complicated kind of development, is messy for many reasons. 

Firstly, it suggests that ‘development plus adaptation’ calculations 
will never give precise answers. Secondly, the development process 
is challenged by multiple crises and is having trouble reaching the 
poor, the food-insecure and those without access to modern forms 
of energy; so making it more complex does not inspire confidence. 
Thirdly, the development community and the disaster risk reduction 
community operate in separate silos. That separation is becoming 
rapidly more damaging. Fourthly, the conclusion is almost ‘politically 
incorrect’ in that developing countries want the wealthier countries 
to honour the UNFCCC and help them with adaptation costs; they 
see this not as charity but as a debt, a reparation, owed to them by 
the nations that developed on the basis of carbon emissions. They do 

The highland Bolivian farmer is threatened by malaria for the first time in recorded 

human history
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water management arrangements. Water is best managed in terms 
of its basin or catchment area, and these rarely correspond with 
political or administrative boundaries. About 40 per cent of people 
live within the basins of international rivers, and about 90 per cent 
of people live in countries that share these basins. Transboundary 
water management is costly and resource-intensive but can yield 
tremendous benefits, not only in terms of decreasing risks of floods 
and shortages, but also in terms of decreasing risks of regional 
conflicts. 

At the international level, the donor community needs to reori-
ent its financial assistance toward supporting countries in water 
management actions – to increase water’s contribution to develop-
ment in the context of risk and change. Key areas include support 
for the development of hydrological monitoring systems and public 
goods that are unlikely to appeal to commercial investors, such as 
infrastructure for flood control. 

In the area of health, development with risk management often 
means spreading current best practices. Early warning systems for 
heat waves are in operation in many countries, including some 
in Asia, and these should be replicated elsewhere and coupled to 
concrete action plans with activities throughout many different 
sectors within a society.

Improving water and sanitation infrastructure and increasing 
awareness of the importance of hygiene is key to reducing a commu-
nity’s vulnerability to extreme weather events and more long-term 
changes in average water availability or average temperatures. The 
Millennium Development Goals include the need to improve sanita-
tion and access to safe water – efforts to achieve this must take place 
at local, national, and international levels. These are clearly positive 
and crucial measures. 

Other such health measures involve getting better at vector 
control, detection, treatment of vector-borne diseases, and paying 

attention to the most vulnerable populations. One of 
the few early warning systems for vector-borne diseases 
is in southern Africa, where malaria is sensitive to rain-
fall. The system puts together seasonal rainfall forecasts 
with data on population vulnerability and coverage of 
prevention activities. More such systems are needed. 

In the forest sector, the new paradigm might be to 
manage forests as if both people and carbon emissions 
mattered. The proposal in the climate negotiations 
known as Reducing Emissions from Deforestation 
and Forest Degradation (REDD), would encourage 
emissions reductions in tropical forest nations, while 
helping to manage the costs of compliance in countries 
that take on economy-wide caps.

However, there is a danger that if forests are planted 
and managed only to sequester carbon, they will cease 
to offer to the poor – and the rest of the planet – the 
variety of ecosystem services they now provide, many of 
which are crucial in providing food and shelter. 

The Forest Dialogue, a multi-stakeholder initiative 
including 250 representatives from businesses, trade 
unions, forestry companies, governments, and local 
and indigenous peoples, argues that treating forests 
only as ‘sticks of carbon’ will fail, as such treatment 
does not take into account the human dimensions of 
forest services. However, if based on sustainable forest 
management principles, a REDD mechanism could lead 
to mitigation, adaptation and development benefits. 

The whole concept of insurance is being reinvented 
under the pressure of climate variability and climate change. 
In the public sector the World Bank Group is developing 
a global facility for hedging development country risk. In 

The Malian farmer faces weather patterns never seen before: too little rain one year, too much the next
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the private sector the reinsurance company Swiss Re has established a 
Climate Adaptation Development Programme to build a market for inno-
vative financial risk transfer instruments in low-income areas. 

Munich Re initiated the Munich Climate Insurance Initiative in 
April 2005 to provide a forum and gathering place for insurance-
related expertise applied to climate issues. It includes insurers, 
climate change and adaptation experts, NGOs, and policy research-
ers intent on finding solutions to the risks posed by climate change. 

Most of the novel risk transfer schemes being experimented with 
are based on indexes that automatically trigger payouts. These 
indexes can cover things such as rainfall (too much, too little), soil 
moisture, hail, wind and temperature. Such an approach eliminates 
the old-fashioned need for expensive damage and loss assessments. 
It also decreases moral hazards, in that farmers who manage reason-
able harvests are still paid. Paying based on an index can also mean 
very speedy payouts. 

These schemes can work at several levels: the macro (in which a 
national government and perhaps large NGOs are the main players), 
the meso (involving corporations and small to medium enterprises) 
and micro (involving farmers associations, banks and insurers). 

Sustainable development 
The new form of development required is, essentially, sustainable 
development; meeting the needs of the present in ways that do not 
increase the vulnerability of future generations. 

Development that can be sustained in a world changed by climate 
must be enabled by building the adaptive capacity of people and 
defining appropriate technical adaptive measures. Adaptive capac-
ity results from reduced poverty and human development. Adaptive 
measures require the institutional infrastructure that development 
brings. Action must be fast, scaled, focused and integrated across 
sectoral divides: 

• �Speed – wasting no time; climate change is 
happening faster than science predicted

• �Scale – growing numbers of people are in danger; 
responses must match the scale of this change

• �Focus – managing risks, building the resilience of 
the poorest and enhancing the ecosystem functions 
upon which they depend

• �Integration – uniting environment, development 
and climate change, managing synergies between 
mitigation and adaptation.

One critical input to this new development process will be 
the production and dissemination of appropriate climate 
information, tailored to end-user needs and delivered in 
a timely manner – particularly in developing countries. 
Institutions at all levels have important responsibilities 
tied up in this process. Local institutions should ensure 
that dissemination of climate information reaches the 
poorest and most vulnerable through appropriate exten-
sion services. National governments need to invest more 
in climate and meteorological information, biophysical 
monitoring and early warning – integrating such data in 
their planning. Regional organizations need to become 
more innovative in helping developing countries produce 
regional climate information and knowledge. 

At the international level, an improved knowledge 
network is required where the Intergovernmental 
Panel on Climate Change, together with other institu-
tions including the World Meteorological Organization, 
disseminate climate knowledge in a rapid and regular 
manner to developing countries. And all of this is 
needed immediately. 

Commissioners and secretariat staff visit Mali to find out how climate change is affecting local people
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Ecosystem-based adaptation: managing 
ecosystems to help people adapt to climate change 

Julia Marton-Lefèvre, Director General, International Union for Conservation of Nature

Ecosystem-based adaptation identifies and implements a 
range of strategies for the management, conservation and 
restoration of ecosystems to ensure that they continue to 

provide the services1 that enable people to adapt to the impacts 
of climate change.2 There is growing recognition of the role that 
well-managed ecosystems can play in supporting adaptation, 
especially regarding increasing the resilience and decreasing 
the vulnerability of people and their livelihoods to the impacts 
of climate change. Well-managed ecosystems have a greater 
potential to adapt to climate change, resist and recover more 
easily from extreme weather events, and therefore continue to 
provide a wide range of benefits on which people depend in 
the face of climate change. In contrast, poorly managed, frag-
mented and degraded ecosystems can increase the vulnerability 
of people to the impacts of climate change. Reducing the buffer-
ing that ecosystems can provide may lead to harsher effects from 
extreme climate-related events. 

Ecosystem-based adaptation is appropriately implemented as part of a 
suite of adaptation responses including early warning, education, train-
ing, raising awareness, and structural and engineering measures (where 
appropriate). Ecosystem-based adaptation shares many of the broader 
attributes associated with good practice adaptation, such as providing a 
balanced approach to climate and non-climate risks, helping avoid mala-
daptation, and supporting short- and longer-term needs. As with other 
adaptation options, it is also important to monitor and review ecosystem-
based measures, and implement adaptive management approaches. 

Effective implementation of ecosystem-based adaptation requires the 
availability and use of climate data, information and predictions at an 
appropriate scale to the ecosystem being managed – for example at the 
scale of the watershed for improved water and river basin management. 
It also requires that such climate data be accessible for use by ecosystem 
managers and planners, including those with limited understanding of 
climate systems and processes. 

Experiences on the ground
The following provides some examples of how ecosystem-based 
adaptation can be applied in practice: 

Sustainable water management 
Many climate change impacts will be felt through water, which is to 
say, through occurrences such as drought, floods, storms, ice melting 
and sea-level rise. Water management is therefore a central issue in 
effective adaptation policies, planning and action. River basins, aqui-
fers, coasts and their associated ecosystems are natural infrastructure 
for coping with climate change. They provide water storage, flood 

regulation and coastal defences vital for reducing the 
vulnerabilities of communities and economies to climate 
change. Ecosystem-based adaptation that builds and main-
tains natural infrastructure and other ecosystem services in 
river basins strengthens water, food and energy security in 
the face of climate change. 

Disaster risk reduction 
Well-managed ecosystems act as natural barriers and 
can reduce the occurrence and impact of, as well as aid 
recovery from, extreme weather-related events such as 
flooding, drought, extreme temperatures, fires, landslides, 
hurricanes and cyclones. Restoration of coastal habitats – 
such as mangroves and watershed vegetation – to provide 
natural infrastructure can be a particularly cost-effective 
measure against storm surges when compared with alter-
native coastal flood defence options. 

Sustainable agricultural production 
Ecosystem-based adaptation has many synergies 
with sustainable approaches to agriculture, includ-
ing supporting agricultural resilience, landscape-scale 
management, protection of water resources and the 
incorporation of local knowledge into agroecological 
production systems. Many indigenous farming practices 
are already based on in-depth knowledge of adaptive 
techniques, using specific crop and livestock varieties 
to suit changing local ecosystem conditions. This will 
help them adapt to the impacts of climate change and 
climate variability. 

Conservation and sustainable use of biodiversity 
Ecosystem-based adaptation includes practices, such as 
ensuring ecosystems remain intact and interconnected, to 
allow for adjustment to changing environmental condi-
tions. These practices can include approaches to maintain 
and restore fragmented or degraded ecosystems, or direct 
support for processes such as pollination and nutrient 
cycling. This yields sustainable benefits for the conserva-
tion of biodiversity. 

Case study: Pangani river basin, Tanzania 
In the Pangani river basin (Tanzania), over-allocation 
is making water scarcity worse. The 3.4 million people 
of the basin are further particularly vulnerable to 
projected drying of the climate. With identification of 
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In addition to the direct benefits for adaptation, 
ecosystem management also provides significant social, 
economic and environmental co-benefits. For example, 
the restoration of mangrove systems provides shoreline 
protection from storm surges, but also supports fisheries-
based livelihoods through increased productivity due to 
the provision of habitat for fish, and provides mitigation 
benefits through carbon sequestration. 

Ecosystem-based adaptation is the strategy already 
adopted by many local communities to adapt to the 
impacts of climate change – often because there are no 
other options than ecosystem management for natural 
resource dependent communities. Due to its availabil-
ity, local practice and cost-effectiveness, this approach 
to adaptation is often more accessible to the rural poor 
than actions based on infrastructure and engineering. 
Ecosystem-based adaptation can also support indigenous 
peoples by harnessing traditional knowledge on natural 
resource management as well as incorporating gender-
specific needs in relation to natural resources. 

Ecosystem-based adaptation builds on existing lessons 
learned from natural resource management and is deliv-
ered through adaptive management, supporting adaptive 
management options by facilitating and accelerating learn-
ing, increasing social and economic resilience to climate 
change. The approach is consistent with the precautionary 
approach and can often contribute to climate change miti-
gation, lowering the risk of ‘mal-adaptation’. 

An improvement of data and information availability on 
the impacts of climate change at the appropriate scale, and 
through appropriate means will help to realize the consider-
able potential to improve the management of ecosystems to 
support the most vulnerable communities to better adapt to 
the impacts of climate change now and in the future.

this vulnerability, and backed by a national water policy based on 
the principles of Integrated Water Resource Management, efforts are 
underway to implement ‘environmental flows’. This is an ecosystem-
based method for allocating water within the limits of availability, 
based on negotiation among stakeholders of allocations to different 
uses of water and to sustaining ecosystem services.3 

Implementation entails developing and coordinating decision-making 
over water allocation at local to basin scales. Institutional strengthening is 
thus key, as a means of enabling diverse stakeholders to participate in the 
discovery of options, in learning and in joint action. Ideally, authorities 
enlist representatives of competing water users – farmers, hydropower, 
fishers, residents and ecosystems alike – to help decide how to allocate 
water. Combining a local sense of who needs what, when and where with 
scientific data on how much water is available now and might be avail-
able under climate change scenarios, the collaborators are piloting a new, 
and flexible, approach to informed decision-making. They are learning to 
allocate water within the limits of the river’s flow, including to ecosystems 
in the basin that store water, regulate flows and support livelihoods. 

Allocation of water to sustain natural infrastructure, such as wetlands 
and estuary habitats, and adaptive governance provide capacity to deal 
with uncertain future events. Better water governance and best practices 
will reduce pressure on ecosystems and start to make communities and 
the economy in the Pangani river basin less vulnerable to the impacts of 
climate change. 

The benefits of ecosystem-based adaptation 
Ecosystem-based adaptation can provide a cost-effective means 
to build adaptive capacity. For example, ecosystems can be 
cost-effective natural buffers to coastal areas. In Indonesia, the 
coastal protection functions of coral reefs have been estimated 
at: USD829/km in areas of agricultural production; USD50,000 
in areas of high population density (based on cost of replacing 
housing and roads) and USD1 million in areas of tourism (cost 
of maintaining sandy beaches).

In Tanzania, better water governance and practices makes communities less vulnerable to climate change
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to climate change and variability 

Laurent Dubus and Sylvie Parey, EDF/R&D

In its last assessment report published in 2007, 
Intergovernmental Panel on Climate Change (IPCC)1 
confirms the observed evolution of climate since the beginning 

of the last century. It is attested not only through the temperature 
increase, but also through the evolution of other linked param-
eters, such as the melting of ice and snow cover or the elevation 
of sea level. The significant influence of anthropogenic activities 
on these evolutions is now also recognised as ‘very likely’ and 
will probably continue in the future. Furthermore, changes and 
impacts at the regional level have been expected since the last 
2001 report – with Europe, for example, anticipating an increase 
in the frequency and intensity of heat waves, combined with an 
increased drought risk during the summer in south and central 
Europe, whereas, winter precipitations could increase in north-
ern Europe. EDF will then have to deal with the effect of these 
modified conditions on electricity production and distribution, 
together with changes in energy consumption linked to both 
climatic evolutions and climate change mitigation measures. The 
consumer behaviour may then evolve in response to the shift in 
climate conditions, for instance with less heating needs in winter, 
but potentially more cooling needs in summer. Furthermore, they 
could be incited to convert thermal heating installations, such 
as fuel or gas, to electricity, which for EDF could mean higher 
demand in winter despite the temperature increase. 

For these reasons, important research projects are running at EDF/R&D 
in order to better estimate the climate change impacts on EDF activities, 
as well as make better use of weather forecasts at different time-scales. 
However, EDF’s needs outstrip the capabilities of current climate 
models, especially concerning the spatial and temporal scales of the 
impacts. The adaptation of power plants or networks to new climatic 
conditions necessitates a precise as possible knowledge of said condi-
tions on the local scale of the facilities. Furthermore, protection of 
installations or adaptation of crisis plans requires information on the 
possible evolutions of meteorological extremes, which current climate 
models still fail to correctly reproduce, especially at the local scale. 
For this reason studies are being conducted to carefully analyse the 
evolutions in mean, as well as in variance and extremes of the climate 
variables, and their possible links, beginning with hot and cold temper-
atures.2 For the operation of the system on time-scales from one day to 
one year, several weather parameters are needed to forecast demand, 
hydropower and production of other renewable energies, as well as 
electricity prices. Short to medium-term numerical weather predictions 
already provide useful information, but improvements are needed to 
increase quality on the providers’ side, as well as to make better use 
of such forecasts – especially in probabilistic approaches on the users’ 

side. A major need is to develop and improve forecasts 
from two weeks to one or more years and to replace the 
current practices based on the use of historical data. This 
is a big technical challenge, but also very significant in a 
financial sense.3

Means of action in adaptation 
EDF envisages climate change adaptation in differ-
ent ways. Recent meteorological events like the 2003 
heat wave or the 1999 wind storms lead to the adop-
tion or revision of respective crisis management plans. 
These plans are a first step in the adaptation to climate 
events, which, at least for the heat waves, could be more 
frequent in the future. The so-called plan aléas clima-
tiques (climatic risks plan) foresees a list of actions to 
be taken in order to manage and to anticipate future 
extremes in the best possible conditions. For example, 
a large number of seaside power plants are now planned 
to run during the summer, as they are less sensitive to 
heat wave conditions. Furthermore, river temperature 
forecasts are currently conducted in the summer in 
order to anticipate potential cooling problems and then 
adapt the production plan consequently, or activate any 
other possibility to balance the supply and demand.

On the other hand, EDF uses the most robust results 
of international research projects in order to begin the 
adaptation of the currently running production facilities 
– especially nuclear power plants. As the most likely 
climate change impact concerns increase in tempera-
ture and heat wave frequency, EDF has started a broad 
re-evaluation of its running nuclear facilities into how 
they might be affected by high temperature conditions 
in the summer. These new evaluations are based on 
a proposed evolution of the statistical extreme value 
theory, which allows the identification and extrapola-
tion of recent trends in high temperature extremes in 
order to derive future very rare high temperature levels.4 
From such an exercise, conducted at EDF/R&D for both 
air and water temperature, it is possible to verify if safe 
production would still be possible under these potential, 
very high temperature levels. If a facility falls short in this 
area the necessary modifications are made. Concerning 
the planning of new facilities; their initial proportions 
now incorporate climate change considerations. Here 
again, methodologies are worked out and proposed to 
derive rare levels of high temperatures possible at the 
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rather than to get the best possible information from the 
climatic point of view. Hydropower production forecast-
ing on an annual time-scale is, for example, a key element 
of the French electricity management system. Current 
practices, based on the use of historical data, could be 
easily improved using climate forecasts and downscaling 
methods, by simply discriminating between dry/normal/
wet periods a few weeks or months in advance. Moreover, 
long range forecasts are often more accurate in tropical 
areas, and could therefore be profi tably used in develop-
ing countries to forecast water resource, in particular, as 
is already the case in western Africa7 and South America.8 
This could help such countries to better manage their 
water resources and their electricity production.

A second major issue is the use of probabilistic infor-
mation, and its communication to end users. Ensemble 
(probabilistic) forecasts are particularly well suited to 
answer risk management needs. But end users do not 
generally feel comfortable using probabilistic weather and 
climate forecasts, whereas products and services already 
exist that may answer current identifi ed needs with little 
adaptation. With this in mind, National Meteorological 
and Hydrological Services (NMHSs) have, over the last few 
years, developed alert systems (for example, in Europe, 
Meteoalarm  and Carte de Vigilance from Météo-France). 
According to the prevention principle these services gener-
ally issue more false alarms than was previously the case, 
which could be seen as a drawback. But early warnings of 
severe weather risks allow a quicker reaction and more effi -
cient organization of emergency units, for example. They 
also enable better communication with national or local 
authorities, reducing the exposure of people and goods 
to hazards, and hence the consequences of the event, as 
taking preventive measures is generally cheaper than treat-
ing problems, even if events fi nally do not occur. Over 
the next few years special emphasis should therefore be 
placed on the importance of communication. In particular, 
emphasis should be placed on fostering communication 
of uncertainties and discussions between NMHSs and 
end users. Different kinds of decision can be taken and 
different levels of reaction can be activated, depending 
on the forecasted event itself, but also on the uncertainty 
associated with the forecast. This could notably drive 
adaptations in the decision processes schemes for differ-
ent sectors, cross-sectors and authorities.

Adaptation to climate change and mitigation strategies 
is likely to prompt the development of renewable energy 
sources, such as electricity production, over the coming 
decades. This reveals two additional and important needs: 
the first one concerns the availability of weather and 
climate data and forecasts that are not currently produced 
and proposed routinely by NMHSs (for example, wind 
speed at wind turbines’ hub height – around 100 metres). 
This problem could be easily overcome with an increased 
dialogue between providers and users. The second need 
concerns climate projections for the next 30 years, which 
corresponds to the lifetime of renewable production means, 
in order to build the best business plans and guide the best 
investment decisions. Current projects on decadal predic-

end of the century, towards which the cooling systems are to be 
dimensioned. Where the climate change impacts on a given param-
eter are not yet reliably known, a minimal value – taking present 
climate change impact knowledge into account – is assumed, and 
actions are planned correspondingly in order to allow future adapta-
tion measures during the running life of the installation.

Temperature increase is now included in the long-term electricity 
consumption forecasts. Moreover, research is conducted in order to 
evaluate and maximize the use of medium to long-term forecasts. 

Real and future energy needs using climate information services 
The energy sector is probably one of the most important users of 
weather, water and climate data and forecasts. However, there are still 
many gaps to fi ll in order to better manage energy production and 
distribution systems in developed countries, and to build effi cient and 
sustainable systems in developing countries.5 One major issue is the 
development and improvement of forecasting systems at lead times 
from two weeks to one or several years – the so-called ‘seamless predic-
tion systems’.6 Monthly, seasonal and decadal climate predictions go a 
good way to answer some of the needs, but there are still many chal-
lenges to face. These forecasting systems need to be notably improved 
in order to be able to deliver reliable information to the users. Even 
if climate predictability is low over mid-latitudes, current prediction 
systems show positive scores for some variables, seasons and types 
of events. These performances may be superior to the current energy 
sector’s practices and closer collaborations between users and providers 
are the only way to identify possible improvements in the electricity 
sector applications and decision tools. They may also guide model 
development in a positive way. In particular, special attention should 
be paid to both the adaptation of such forecasts to the users’ needs – for 
example using downscaling methods which allow the transformation of 
large scale models outputs to local users’ needs for application models 
– and on the consistency of the information delivered at different time-
scales. The problem here is getting the suitable information adapted 
to the decision processes, which differ according to the time horizon, 

Villagers and solar panels in Towé & Houéddo badgi (Benin)
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tions and the next IPCC assessment report are already in progress, 
showing that the dialogue of previous years between the scientific climate 
community and the end users has been fruitful. Careful attention should 
however be put into the dialogue between scientists and users, to ensure 
that these projects are useful to applications sectors.

The importance of collaboration between users from the energy 
sector and providers of weather and climate data and forecasts
To match the global projected demand for electricity by 2030, the 
International Energy Agency estimates that around USD14 trillion in 
investments will be necessary.9 Reducing the risk associated with these 
investments necessitates three actions: improving weather and climate 
data and forecasts; improving the communication between providers 
and users; and improving the users’ decision making processes.10 All 
three fields are of equal importance and any deficit in one is likely to 
seriously affect the whole chain. If the first and the third points are 
to be treated mainly by providers and users respectively, the problem 
of communication has to be addressed in close cooperation between 
the two groups. Communication is the essential link between the 
communities, and will condition the development of useful products 
and services that will be used to improve efficiency, for the benefit of 
the electricity sector and the whole society. At regional and interna-
tional levels the World Meteorological Organization, the  World Energy 
Council and other international institutions must play a major role 
as facilitator, most notably by providing recommendations and guid-
ance. A crucial element is close collaboration at national level between 
NMHSs and users. 

In the last 30 years, EDF has developed national and international 
collaborations with both scientific institutes and operational centres, 

among which Météo-France has a central role. This part-
nership is based both on common research projects with 
the Centre National de Recherche Météorologique, Météo-
France’s research centre, and on commercial contracts for 
the provision of data and forecasts. In addition to existing 
catalogue products, specific needs are generally addressed 
in partnership – from the description phase to the final 
product delivery. The common process is to develop ideas 
based on operational needs in the frame of research projects, 
which, if they are successful, are then tested in near-
operational conditions. This phase of evaluation is then 
transformed into a commercial contract when the useful-
ness of the new product or service has been determined. 
Of course, new products can then benefit other users and 
sectors without impinging on confidentiality concerns.

Coordination teams have been formally set in place, 
and formal meetings with feedback and event review 
mechanisms take place at least twice a year. Of course, 
complementary technical meetings are held on demand. 
This type of organization has proven very efficient both 
in increasing the quality of communication and mutual 
understanding.This example could be followed by 
other companies, as well as in other sectors. In devel-
oping countries in particular, upstream communication 
between providers and users of weather, water and 
climate information should be emphasized, in order to 
rationalize the investments in observing and forecast-
ing services – as energy and electricity will be a major 
component in their development.

Water release during the flood of La Loire at the Grangent Dam in November 2008
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Adaptation to climate change: the role  
of organizations with atmospheric expertise 

Professor Petteri Taalas, Director-General, Finnish Meteorological Institute

The potential impact of human emissions on climate, 
especially the impact of carbon dioxide, has been known 
for more than a century. Indeed, the Swedish physicist 

Arrhenius first published his concerns on the subject in 1896. 

The Fourth Assessment Report of the Intergovernmental Panel on 
Climate Change (IPCC) in 2007 concluded that human induced climate 
warming is already taking place and it has recorded that over the past 
century the global average surface temperature has risen by 0.74ºC. This 
warming is expected to increase until 2060, with development thereaf-
ter highly dependent on success in the reduction of the greenhouse gas 
emissions. According to the International Energy Agency, the growth 
of greenhouse gas emissions from 2000 to 2007 has exceeded IPCC’s 
maximum estimates by about 20 per cent. If this excessive growth 
continues, the 2007 IPCC climate change scenarios will be significantly 
off-target. Because of this, IPCC is now working to establish a new basis 
for its Fifth Assessment Report on emission and climate scenarios. 

Climate change is expected to have severe impacts on the well-being 
of humans and the world economy. This was demonstrated in the 2006 
Stern report, which was carried out by the UK government. Increases in 
the frequency and extent of drought, flooding, poor air quality episodes, 
tropical storms, forest fires and heat waves will all effect human lives. 
Other meteorological changes that will adversely affect human beings 
include: increased sea-level rise; melting of glaciers and related prob-
lems in water discharge; and melting of permafrost and collapse of 
Arctic infrastructures. 

Climate change will lead to negative economic impacts in many parts 
of the world. It could also create some local positive effects too, but due 
to the global nature of the economy, no areas will remain unaffected in 
the long-term. 

Proper preparatory planning may soften the negative impacts caused by 
climate change. For this to happen, national and regional level adaptation 
reviews need to be carried out. In response to this, IPCC has already gone 
to the effort of producing global circulation-based models (GCMs) based 
on emission data. These may be used for understanding and projecting 
climate change in the coming decades and centuries. Using lower and 
middle atmospheric physics and chemistry, oceans, cycles of carbon and 
nitrate compounds, aerosols and other biosphere-atmosphere interac-
tion metrics, the GCMs can calculate climate parameter probabilities. 
Limitations in computer power, however, have meant that the resolution 
of these projections is coarse – calculations cannot be made accurately 
at resolutions greater than 100 kilometres. Unfortunately, this is unsat-
isfactory for national or regional adaptation studies. Hydrological and 
coastal changes or changes in mountainous areas, for example, cannot 
be calculated accurately based simply on GCM outputs. 

There is a need, therefore, to be able to run fine scale (5-20 kilo-
metre resolution) regional models using GCM calculations. This 

process is called downscaling. Regional models are 
typically based on weather forecasting model physics, 
but in this instance they may also be used for calculat-
ing fine mesh climate parameters such as temperature, 
precipitation, humidity, wind, radiation, waves, snow/
ice cover, frost, evaporation and forest fire risk. Using 
these models, countries can define what parameters 
they want to measure to get information that is rele-
vant to them. The result is a 10- to 100-year forecast, 
which then forms the basis for estimating the impacts 
of climate change on various sectors in an individual 
country.

Sectors affected by climate change vary from country 
to country, although the following are the most common: 
• Agriculture
• Forestry
• Infrastructures
• Transport 
• Energy 
• Nature
• Tourism
• Health and human well-being
• Water resources.

Depending on the country, the importance of weather 
on the economy varies by up to 50 per cent. Once socio-
economic studies are conducted across all sectors, we 
can estimate the full impact of climate change; not just 
negative, but positive – in some cases climate change 
may offer new opportunities such as the opening up of 
Arctic shipping or easier access to natural resources. It 
is essential these studies be carried out so that national 
adaptation strategies can be formed. 

There is a particular need for the preparation of 
national adaptation strategies in developing countries 
and countries in economic transition. This will require 
a degree of collaboration between developed and devel-
oping country specialists. This kind of collaboration 
could be funded through national and international 
development programmes with such organizations as 
the World Bank, regional development banks and the 
European Commission. We could also look to private 
sector and specific foundation funding to provide 
opportunities in realising climate change adaptation 
studies. In addition, there is the Climate Adaptation 
Fund, which is being prepared as a part of the COP15 
meeting in Copenhagen, scheduled to take place in 

Adaptation and Mitigation Strategies 



Adaptation to climate change: the role 
of organizations with atmospheric expertise 

Professor Petteri Taalas, Director-General, Finnish Meteorological Institute

[ ]261 

AdAptAtion And MitigAtion StrAtegieS 

storage, computer resources, numerical weather predic-
tion models and their runs, other operational models (sea, 
hydrology, air quality, dispersion of hazardous materi-
als, drifting models), manual to semi-automatic analysis 
of the observations and model output, fi nal production 
of the tailor-made products to various customer groups 
and fi nally distribution of the products. Distribution of 
weather service products to the customer may take place 
via the Internet, extranets, mobile telecommunications, 
media, phone, fax or satellites.

It is a fair estimate that the full economic benefi t of a 
hydro-meteorological service organization increases with 
the growing number of customer sectors and needs served 
through the products. Typically, the spectrum of available 
products is greater in developed countries than in those 
that are less developed. Also, the fewer products a national 
hydro-meteorological service (NHMS) is able to produce, 
the less interest there is in allocating fi nancial resources 
to the NHMS in a country. Because of this, many develop-
ing countries are facing problems. Due to lack of adequate 
fi nancial resources the observing and telecommunication 
systems, service capabilities, quality and quantity of opera-
tional staff, and general operational ability of an NHMS 
may be considerably restricted. Proper fi nancial resources 
are essential to a NHMS’s ability to serve all sectors where 
weather has a substantial impact. This has also a major 
impact on the quality of the services provided. 

In some countries, NHMSs are properly resourced 
and are able to satisfy the needs of a wide range of 
service sectors. Because of these high levels of satisfac-

December 2009. Financing adaptation to climate change is crucial 
to minimizing costs in the long-term. 

Natural disaster early warning systems
The sensitivity of human and economic activities to weather 
phenomena has increased considerably in the past few decades. This 
is due to the growth of the world population, human migration, the 
expansion of economic activities into more weather sensitive areas 
(especially coastal zones), the more technical nature of economic 
activities and, in some instances, climate change. 

The vast majority of the disasters are caused, or closely related to, 
weather phenomena such as: storms; drought; fl ooding; heat waves; 
cold spells; ice and snow storms; land slides. 

The World Bank and the World Meteorological Organization (WMO) 
have estimated that modern and well functioning weather services may 
lead to considerable savings. Typically, the funding allocated to weather 
services should lead to savings where the return on investment is manifold. 
In Finland, for example, the annual budget of the Finnish Meteorological 
Institute in 2007 was about EUR50 million, of which about EUR30 million 
was related to weather services. The Technical Research Centre of Finland 
conducted a survey that year to estimate the economic benefi t of the FMI 
weather services on various sectors. According to this study, an economic 
benefi t of at least EUR239-300 million annually may be gained in various 
sectors. These fi gures do not include the benefi ts of radiation safety serv-
ices, climate services or air quality services. 

A well functioning weather service needs relevant research and 
development investment and usually consists of weather observa-
tion networks (ground-based in situ and remote sensing, soundings, 
radars, aircraft and ship observations, and satellites), adequate 
telecommunication systems, databases for observation and product 

FMI production system/value chain 

An example of an operational meteorological service fl ow chart

Source: FMI presentation material, 2009
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tion, governments and various customers are convinced of their 
value. This is only helping to ensure adequate fi nancial resources 
are allocated to NHMSs in the future. The situation in many WMO 
member countries, on the other hand, is quite the opposite. With 
NHMSs and weather products in such countries being of a gener-
ally low quality and quantity, governments are not seeing the 
value of allocating additional resources to them. This is having 
a negative impact on the economy and human safety in affected 
countries and serves as an obstacle for development, contradict-
ing many initiatives that have been set up to reverse this. The 
functions of NHMSs, for example, are closely related to fi ve out of 
eight Millennium Development Goals (MDGs). These goals tackle 
poverty and hunger, health, education, environment and develop-
ment partnerships.

International collaboration and development 
projects in essential role in strengthening the 
national capabilities
Both natural disaster early warning systems and climate 
change adaptation plans offer good perspectives for devel-
opment cooperation. The expertise of developed country 
NHMSs and atmospheric research organizations may 
be used in assisting developing countries and those in 
economic transition. According to WMO, several coun-
tries – including Japan, Korea, China, Australia, Finland, 
the UK, Spain, France, Germany and the US – are actively 
assisting developing countries. 

Finland and the Finnish Meteorological Institute 
(FMI), for example, have supported more than 80 coun-
tries since the 1980s. At the moment, projects related to 
adaptation to climate change and natural disaster early 
warning systems are being run in small island devel-
oping states, both in the Caribbean and in the Pacifi c, 
the Southern African Development Community coun-
tries, Peru, Nepal and Vietnam. The core of current 
programmes involve institutional cooperation between 
both FMI and NHMSs in other countries. FMI is also 
working alongside China, India, Russia, Argentina and 
Brazil besides several European and North American 
countries in scientifi c projects. 

Investments in natural disaster early warning systems 
and preparation of climate change adaptation strategies are 
good investments. Besides bi-lateral activities these fi elds 
offer good opportunities for new programmes, especially 
under major development donor organization frameworks 
such as those of the World Bank, regional development 
banks or the European Commission.

Consultancy and development cooperation projects since the 1980s

Scientifi c collaboration (blue); consultancy/development cooperation (red)

Source: FMI presentation material, 2009

Source: VTT Technical Research Centre Publications 665, 2007
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32–50
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 > 239–303

A summary of the socioeconomic value of the FMI for different user 
segments. In 2007 the FMI budget was about EUR50 million
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Climate change and variability is anticipated to have 
enormous impacts on disaster risks and sustainable 
development within a generation or two. Luckily though, 

lessons of the past regarding disaster risk reduction practices  
are all still relevant in making us better equipped facing the 
unprecedented challenges of climate that lie before us.

Human beings have always relied on their common sense to survive 
and thrive. This common sense stems from constant curiosity about 
the forces of nature, and the consequent development of mental 
skills sufficient to understand those forces and to devise creative 
solutions that minimize risks and reduce dangers. Over eons, the 
practical use of risk and safety information has been streamlined and 
handed down through generations, leading to coping strategies and 
some adaptive capacities. But now, humankind may need to develop 
another new sense to survive the challenges of the new climate into 
the next millennium. 

Everyone is familiar with seasonal variations in temperature 
and precipitation. People have learned to take advantage of these 
changes for agriculture, food production and other purposes. Now 
though, what has become common sense regarding climate vari-
ability is no longer adequate.

Recent predictions about climate change and variability anticipate 
enormous impacts on Earth’s atmosphere and oceans. As a result, 
tremendous shocks and shifts are foreseen in fresh water resources, 

wildlife, food security, agriculture, health and energy. 
Among the expected effects is mass migration.

These unprecedented impacts on the basic elements 
of human security and sustainability will gravely endan-
ger the quality of life and even human survival – within 
the century, by most scientific estimates. While the 
timing and nature of the shifting risks brought about 
by the changing climate are open to scientific debate, it 
is widely agreed that the magnitude of the shocks will 
be beyond the adaptive capacities of existing human 
systems. That is, we will be unable to address future 
risks and ensuing disasters unless attention is given to 
policy implications and disaster risk reduction efforts, 
right away.

Short-term tactical solutions and long-term strate-
gies need to be developed, practiced, and streamlined 
into a mainstream ‘climate sense’, if we hope to reduce 
immediate risks, avert long-term consequences, and 
develop adaptive capacities to help our kind survive. 
Fortunately, we don’t have to start from zero, because 
what we have learned in the area of disaster risk reduc-
tion can help us develop climate sense.

El Niño as a model for shifts in risk
Disaster risk is a function of the physical characteristics 
of hazards, the susceptibility of exposed elements and 
systems to negative impacts from hazard events, and 
the ability of communities and surrounding systems to 
handle impacts. Disasters happen when human-envi-
ronment systems are overwhelmed by events, whether 
chronic, slow-onset, or quick-onset. However, risk is 
dynamic, changing through time and space. Future risk 
depends on the relationship between hazard, vulner-
ability and capacity, but it also reflects any changes in 
these components. 

Climate change and variability alters the hazard-
vulnerability-capacity relationship by shifting patterns 
of both climatological hazards and the conditions in 
which human-environment systems operate and events 
occur. 

The El Niño Southern Oscillation (ENSO) is a familiar 
example of climate variability shifting short-term risk. 
In 1997, the world experienced a particularly strong 
ENSO that sent sunfish and tuna up to the US Pacific 
Northwest coast and Alaska, and caused many stocks 
of fish normally caught in those waters to disappear. 
Hazard characteristics and environmental conditions 
were changed substantially. Consequently, those who 
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devastated by fl oods and malaria-carrying mosquitoes, 
eventually resulting in: “some 30,000 cases in the Piura 
region alone, three times the average for its 1.5 million 
residents.”

Climate variability expectations 
Longer-term climatological changes are expected to 
contribute to major shifts in environmental conditions 
and hazard patterns, affecting all components of risk. 
The UN Intergovernmental Panel on Climate Change 
(IPCC), which was awarded a 2007 Nobel Prize, 
predicted in its Fourth Assessment Report that world 
temperatures could rise as much as 6.4ºC (11.5ºF) 
during the 21st century, and that sea levels might 
rise 18-59 centimetres (7.08-23.22 inches). IPCC also 
reported a 90 per cent or greater likelihood that heat 
waves and heavy rainfall will increase, and a slightly 
lower confi dence level associated with increases in 
drought, extreme high tides and tropical cyclones. 

Many of the places expected to experience the 
greatest increases in hazards and the most signifi -
cant changes in environmental conditions have low 
or medium human development, have growing popu-
lations, and are experiencing rapid urbanization in 
highly exposed areas. In addition to affecting hazard 
patterns, changing temperatures and hydrological 
conditions will likely impact patterns of water avail-
ability and food production. As such shifts take place, 
they will contribute to mass migration, and to health 
and security issues. 

Globalization (negatively contrasted with regionaliza-
tion by IPCC), along with its associated technologies, 
tends to shift the impacts of disaster to widely dispersed 
people, changing susceptibility. The same processes, 
however, can facilitate effective response and adapta-
tion, and increase capacity. 

did not have existing strategies to deal with the changed conditions 
or who were unable to adapt to them suffered signifi cantly more 
from losses and disruption – including, for example, Northwest 
Pacifi c fi shermen. 

Others with an understanding of relevant climate information 
were able to act on it in ways that reduced susceptibility to impact 
or facilitated effective coping. For instance, according to an article 
written by Curt Suplee for National Geographic, Peruvian villagers 
were not surprised by the tremendously increased rainfall. Fairly 
regularly, he wrote: “the same rainfall had arrived after a pool of 
hot seawater the size of Canada appeared off the west coast of the 
Americas.” Although 1997 was overwhelming even for the experi-
enced villagers in Chato Chico, forcing evacuations, they were still 
among the lucky ones compared to other newer villages that were 

Sea surface temperature comparisons 1997/98

Sea surface temperatures during the 1997 El Niño (left) contrast with those recorded during the La Niña cycle that began in 1998 (right)

Source: PDC using NOAA Climate Diagnostics Center data

East West Center Senior Fellow Allen Clark addresses participants in the Expert 

Working Group Meeting on Climate Change and Variability 
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As timeframes become longer, there is increased uncertainty 
about how human and environmental systems will interact and 
change, and how the relationships between various components 
of risk will shift. Nonetheless, as we improve our understanding of 
these relationships and the physical and social sciences of climate 
change and variability, we can act to build fl exibility and strength. 
We can also familiarize people with the sources and uses of climate 
data, and we can mainstream disaster risk reduction – climate-
related and otherwise – into policy and everyday practice. We can 
build on existing initiatives and strengths to integrate near-term 
and long-term approaches into a single framework.

A new risk reduction approach
Traditional disaster risk reduction (DRR) efforts are intended to 
modify near-term risk in one of three ways: altering the environ-
mental and social conditions in which hazard events occur, altering 
event properties in a particular place (thereby, often shifting risk 
elsewhere), and/or building the capacity to respond to and recover 
from impacts. Efforts related to climate change mitigation and adap-
tation do the same. The aim is to change social and environmental 
conditions in such a way that future hazard events do not overwhelm 
human systems. 

Since hazard characteristics and conditions are more uncertain, 
we must encourage fl exibility by maximizing our ability to access, 
synthesize, and enact creative solutions. We must do what we can 
to minimize potential exposure, as well. 

Approaches focused on building long-term adap-
tive capacity will contribute to near-term reductions 
in vulnerability and increases in coping capacity; while 
near-term actions will set the stage for longer-term 
conditions and options. Both timescales need to be 
considered when integrating DRR activities with policy 
and planning. 

Both traditional near-term DRR activities and efforts 
focused on adaptation to climate change and variabil-
ity encounter impediments to implementation. The 
challenges fall into three major categories: technical 
data issues of resolution, collection, management, and 
sharing; issues of collaboration and coordination; and 
diffi culties in meaningfully integrating science and 
practice. 

Needed spatial data can be diffi cult to obtain, and its 
analysis and use may require specialized resources. In 
fact, specifi c skills and technologies are required even 
for sharing many data types. 

Disaster and risk are multi-faceted, multi-secto-
ral, and multi-disciplinary, however, the emergent 
nature of disasters, competing resources and goals, 
historical mistrust, and institutional practices can 
discourage collaboration and coordination. Finally, 
scientists, practitioners and the public often operate 
in different worlds, and speak different languages. So, 
creating bridges and operationally meaningful ways 
of framing, analysing, and communicating hazard 
and risk information is critical to effective decision 
making, and to facilitating DRR activities and DRR 
‘mainstreaming.’

Addressing these challenges in the more common 
context of DRR and near-term risk builds and exercises 
some of the basic structures necessary to address them 
within the context of climate change and variability 
and longer-term risk, fostering resilience in individu-
als, institutions and communities.

Meeting DRR challenges
Within the context of building resilience and facilitat-
ing DRR, the Pacifi c Disaster Center (PDC) has helped 
address these challenges by: assisting communities of 
interest and fostering collaboration among stakehold-
ers; by building relationships with local authorities, 
national governments, regional organizations, inter-
national organizations, military groups, and academia; 
and by participating in data collection activities directly 
related to local emergency management. PDC develops 
and implements decision support systems for emer-
gency management and DRR activities that integrate 
dynamic and static data and do not require users to 
have sophisticated technology. While facilitating early 
warning for sudden hazards, PDC products and services 
also reduce the diffi culties of data collection, manage-
ment, and sharing, thus supporting long-term security. 
PDC capabilities and experience include performing 
risk and vulnerability assessments at multiple scales 
using numerical modelling, loss estimation, and 
complex indicator approaches; and performing techni-

Rising sea levels in East Asia 

Much of Bangladesh, as well as Hanoi and Ho Chi Minh City in Vietnam, and 

Bangkok, Thailand, are at risk as sea levels rise

Source: PDC using data from 2007 LandScan and NASA SRTM
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cal assessments to assist in developing effective data and information 
management, analysis, and sharing. 

Meeting climate variability challenges 
The challenges to integrating DRR, especially longer-term DRR, 
with public policy and planning are immense. In the near-term, 
interannual fluctuations (like ENSO) complicate matters. In the 
longer-term, uncertainties compound, making characterization 
of intertwined multi-sectoral human-environment systems more 
difficult. Consequently, the assessment and communication of 
risk are more difficult, too. However, we can and must draw 
on the results of work done in the context of DRR to integrate 
climate and weather information into decision making, to build 
human relationships and strengthen information networks, to 
conceptualize risk holistically and contextually, and to link 
research, technology and practice in service of human sustain-
ability. Taking these steps helps decision makers, communities, 
and individuals produce and access relevant data and analyses, 
and will help them see hazards, weather and climate as part of the 
everyday context rather than the extraordinary. The same steps 
will help increase available options and choices for mitigation 
and adaptation at multiple scales. 

The DRR challenges presented by climate change and variability 
cannot be met by individuals or even organizations working alone. 
Understanding this, PDC has taken action to find ways to facilitate 
teamwork at the highest level. 

In 2008, PDC organized an Expert Working Group Meeting on 
Climate Change and Variability: Shifting Risks, hosted by the East-
West Center. Three Nobel laureates and many highly respected 
urban planners, disaster managers and researchers from various 
disciplines convened to discuss gaps in knowledge and practice, 
and identify areas of potential progress and partnership. A year 
later, PDC is collaborating with Nobel Laureate Dr Nguyen Huu 
Ninh to establish an International Program on Climate Change and 
Variability Risk Reduction (IP-CVR). 

The IP-CVR includes an international advisory panel to guide 
its direction and establish a framework of activities; an expert 
network representing private and public organizations that will 
exchange information, develop networks, and engage in coop-
erative projects and applied research; and a ‘Collaboratorium’ 
– a forum and knowledge base on climate variability. The 
Collaboratorium, which has already been prototyped, provides 
a web-enabled space for sharing data and information sources, 
research, project and programme ideas, and practical applica-
tions. The goal is to synchronize efforts and create synergies 
between widely different approaches to the applied science of 
climate variability and DRR – resulting in more effective practices 
and policies. 

One IP-CVR pilot project is a risk and vulnerability assessment 
of Ho Chi Minh City, in which PDC and Dr Nguyen Huu Ninh will 
engage programme partners. It will integrate analyses of sea-level 
rise and coastal flooding, ENSO-related variability in precipitation 
and riverine flooding, as well as the area’s vulnerability and capac-
ity, including social, economic, and environmental measures. The 
project results will provide vital information for urban planning and 
development processes.

Other current and near-future PDC projects will also increase 
both IP-CVR engagement and the programme’s knowledge-based 
strength. 

Making connections
Climate change and variability cannot reasonably be 
ignored in any discussion of how individuals, communi-
ties or organizations can reduce future losses. However, 
that does not mean it is necessary to completely 
reconfigure established thinking or abandon familiar 
activities. We can build on structures and activities 
developed under existing DRR initiatives. 

Risk reduction and research activities associated with 
climate change and variability should not be considered 
as somehow separate from DRR, but as a key compo-
nent of both near-term and longer-term approaches to 
disaster risk reduction and human security. Near-term 
activities affect longer-term options.

Increased connectivity – through globalization 
and the communication technologies that underpin 
it – works to shift and magnify the risks and impacts 
of hazards. However, those underlying connections 
present opportunities as well. The central operational 
mechanism of the IP-CVR is connectivity. It builds 
on PDC’s experience in developing relationships and 
technology to facilitate access to hazard and risk related 
information. The Collaboratorium raises connectivity 
to a new level by taking advantage of social networking 
technology to facilitate both relationship building and 
information sharing. 

By building open human networks, focused on the 
applied science of climate change and variability, the 
IP-CVR:
• �Encourages a comprehensive conceptualization of 

risk
• �Advances applied science and practice in climate 

and risk reduction 
• �Eases mutual access among people working on any 

given issue from multiple disciplines
• Facilitates thinking and acting outside the box
• Helps identify common goals
• �Streamlines activities, and reduces duplication and 

funding competition
• �Enables access to local knowledge  

and observations
• Has potential to improve data collection
• �Increases the reach of individuals and organizations 

and the distribution of information
• �Builds human and technology networks that can be 

activated during an extreme event.

The IP-CVR components all aim to facilitate network 
building and information sharing as ways to foster adap-
tation, increasing flexibility and responsiveness while 
developing a common knowledgebase. IP-CVR will 
support development, for all its participants and constit-
uents, of the capacity to deal with change, improve the 
range of options to leverage and promote actions to influ-
ence policy. In the context of trusted experience and in 
conjunction with the entire International Program on 
Climate Change and Variability Risk Reduction, the 
common knowledge base is central to the development 
of a new kind of common sense: real climate sense. 

Railway infrastructure and  
adaptation to climate change 

Margrethe Sagevik, International Union of Railways
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Railway infrastructure and  
adaptation to climate change 

Margrethe Sagevik, International Union of Railways

In recent years, climate change has received increasing 
attention, appearing on both national and global political 
agendas. There is a growing pressure on society as a whole, 

and especially on governments and companies, to learn more 
about the causes and the effects of global warming – as well as 
how to cope with such impacts.

Railways have always been subject to the effects of the weather, 
and as such are constructed to ‘survive’ infrequent natural hazards. 
However, today’s extreme weather will be tomorrow’s normal 
weather, and because the consequences of climate change are 
advancing rapidly, there is an urgent need to develop and implement 
appropriate adaptation strategies for transport systems, includ-
ing rail. The challenge for railways is not only to survive extreme 
weather conditions, but also to recover quickly from them and to 
be able to run under circumstances we currently deem abnormal. 

The factors predicted to have a significant impact on railways, 
according to parameters costs and probability, are:
• Flooding
• Storms/gales (inland)
• Intense short time period rainfall
• Extended rain periods (widespread)
• High maximum temperatures
• Lightning strikes and thunderstorms
• Changing vegetation.

Climate change adaptation strategies – 
feasibility study
The feasibility study, Impact of Climate Change on 
Railway Infrastructure and Adaptation Strategies and 
Measures, was commissioned by the International Union 
of Railways (UIC) and carried out in 2008 by the Institute 
of Futures Studies and Technology, in Berlin.

The main objective of this study was to identify if the 
consequences of climate changes are likely to become 
an issue for railways, and if so, explore how to deal with 
them. Following this the study was to identify a struc-
ture for how to approach the challenge of adaptation, as 
well as to define the first steps in that process.

The findings of the study proved that impacts caused 
by global warming are an increasingly important issue 
for UIC members. Some members have been more 
exposed to these impacts than others. The feasibility 
study provided an overview of the ongoing and planned 
activities railways are adopting to help them adapt to 
extreme weather situations and climate change. It clas-
sified the main effects of climate change on railway 
infrastructure – identifying and ranking the main 
impacts according to their damage potential. The study 
also provides an overview of the areas of highest prior-
ity within this field, as well as a systematic inventory of 
adaptation measures, strategies and policies in each of 
the high priority areas. 

Ultimately, the feasibility study provided the basis for 
the UIC research and development project Adaptation 
of Railway Infrastructure to Climate Change (ARISCC). 
The project addresses the consequences of climate 
change on railway infrastructure, as well as adaptation 
strategies, in detail.

Activities of European railways
The feasibility study indicated that among European 
railways there is a wide range of ongoing and planned 
activities concerning adaptation to extreme weather 
situations and climate change, ranging from monitoring 
and mapping efforts to impact assessments. The activi-
ties can be divided into six priority areas: 
• Monitoring weather and infrastructure conditions
• �Hazard and vulnerability mapping (locations and 

assets)
• �Improved standards for new and existing  

infrastructure

Adaptation and Mitigation Strategies 

Increasing summer temperatures take their toll on existing rail infrastructure
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engineering projects. The greater challenge is how to 
improve/adapt standards for existing infrastructure. Old 
infrastructure assets were often constructed without 
any kind of explicit standards. In addition, informa-
tion about standards and performance levels was often 
patchy, or even totally absent. Affordability is the main 
challenge when trying to improve standards for existing 
infrastructure. 

In most countries, modifying standards (whether or 
not in response to climate change impacts) requires a 
lengthy consensus-oriented consultation process and 
the involvement of many stakeholders. Sweden follows a 
pragmatic approach based on the European Committee 
for Standardisation’s Eurocodes – where stand-
ards evolve in close correlation with expected future 
weather loads, provided by Sweden’s Meteorological 
and Hydrological Institute. The transferability of this 
approach to other countries should be investigated with 
high priority. 

It is not always necessary to change standards 
before taking action. Sometimes it makes sense to 
set policy targets first. For example, in Great Britain 
a targeted increase in drainage capacity of 20 per 
cent was set due to predictions of more intense rain-
fall. Following this action, targeted communication 
to policy- and decision-makers can then catalyse a 
change in standards. Thus, urgent engineering work 
can be started with the modification and adaptation 
of standards to follow. 

Engineering (maintenance, upgrading and  
new infrastructure)
Planned engineering work will improve the robust-
ness of railway infrastructure against climate change. 
Work will focus mainly on: new and upgraded drain-
age systems; stabilization and protection of tracks and 
substructure; upgrading and protection of catenary and 
signaling systems; and enhancement of special struc-
tures such as tunnels, bridges and dykes. Although 
most upgrade activities focus on improving factors such 
as line capacity and speed level, it should be possible to 
improve resistance against climate loads simultaneously 
– as long as the time to implementation is a long one 
and the climate aspects are integrated at an early stage 
of the planning process. 

 The greatest challenge – and at the same time the 
greatest opportunity – of adapting railway infrastruc-
tures to climate change in the short and mid-term, is 
in the area of maintenance activities. The most urgent 
action to be taken is the general improvement and 
reinforcement of existing maintenance standards. The 
corresponding engineering standards do not require 
adaptation at this time, as this would require a lengthy 
and complicated process. Over the last three decades 
the maintenance level in many companies, especially 
in the areas of vegetation and water management, has 
dropped significantly due to altered economic priori-
ties. This has led to a higher vulnerability with respect 
to extreme weather events. The re-establishment of 

• �Engineering (maintenance, upgrading and new infrastructure)
• �Company adaptation strategies and action programmes
• Networking and knowledge exchange.

Monitoring weather and infrastructure conditions
Monitoring weather and infrastructure conditions can be done using 
a wide range of approaches from manual on-site monitoring and 
forecasting approaches to highly sophisticated real-time measure-
ments utilising remote sensors and complex data processing. It is 
important to consider what processes need to be followed to make 
the products of such analysis genuinely useful to people. It is also 
worth evaluating how the new equipment can be integrated with 
any existing system.

Hazard and vulnerability mapping (locations and assets)
The objective of mapping is to identify the areas, locations and infra-
structure with the highest levels of vulnerability. This is usually 
done by combining weather and climate data and scenarios with the 
relevant infrastructure data. More advanced approaches tend to be 
based on geographical information systems.

Vulnerability assessment should always include a careful and 
detailed location check. When analysing, for example, impacts of 
the UK summer floods it becomes obvious that 350 hospitals are 
located on flood plains. Above a certain flood level rivers will always 
flow into the floodplain, therefore, the vulnerability of these assets 
can be considered as exceptionally high. Relocation of critical assets 
like hospitals is, of course, not always feasible or cost efficient, but 
in some very critical cases it can be the best way to avoid frequent 
and large-scale damage. As such, it should be systematically checked 
as a possible option.

Improved standards for new and existing infrastructure
Engineering standards govern all building and maintenance activ-
ity and, as such, define the weather and climate load resistance of 
new and upgraded infrastructure. New standards for new infra-
structure are needed, but this will evolve naturally since climate 
change aspects will be taken more and more into account in new 

Unprecedented summer rainfall in 2007 caused havoc with British railways
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former high maintenance levels would enhance the climate perform-
ance of today’s infrastructures considerably. 

Company adaptation strategies and action programmes
The railway sector has taken its first steps towards developing 
company strategies for adaptation to the consequences of climate 
change, as well as corresponding action programmes. In general, the 
awareness of climate change issues is rising in railway companies – 
often the result of one or more recent extreme weather events causing 
great damage to the railway infrastructure.

Transport companies such as BV, DB, NR, ÖBB, SBB – which 
have experience in specialized areas including water management, 
flood control and weather monitoring – are starting to broaden 
their perspectives and cover a wider spectrum of adaptation strat-
egy areas. Furthermore, in some cases companies are developing 
integrated adaptation strategies with explicit links to national and 
international adaptation strategies and programmes.

Networking and knowledge exchange
The UIC feasibility study clearly shows that there is a great and urgent 
need for networking and knowledge exchange on different levels to 
improve the adaptation of railway infrastructures to climate change.

Knowledge exchange between different railway infrastructure 
managers is the most obvious level. This will enable the sharing of a 
great spectrum of practical knowledge and experience in areas such 
as monitoring, vulnerability mapping, vegetation, water management, 
and the protection of catenary and signalling systems. Communication 
between railway infrastructure managers and national meteorologi-
cal offices and research institutions is also important. This would 
improve the basis for weather monitoring and warning activities and 
provide access to regional climate modelling initiatives.

Improved networking between railway infrastructure managers 
and managers of other basic infrastructures such as road, electricity 
supply, water and waste water also requires increased investment. 
This would help to develop an integrated approach for critical infra-

structures – especially consistent contingency strategies. 
Better links must also be formed with other stakeholders 
– such as national and regional governments, and EC 
policy makers – to broaden the perspective and reach a 
common understanding of adaptation strategies, meas-
ures and priorities. 

General findings
The results of the UIC survey underline the need for 
intensive cooperation. All infrastructure managers regard 
the establishment of a web-based platform with infor-
mation and data about the impact of climate change on 
railway infrastructure as either very useful (6 out of 14 
companies) or useful (8 companies). The vast majority 
said that they would contribute to such a knowledge base 
with experiences and projects of their own.

Since railways still have a strong national perspective, 
there is an urgent need for cooperation and new alli-
ances between the European and international railway 
sectors. Such cooperation should also transcend sector 
boundaries to include other modes of transport and 
critical infrastructures, as well as meteorological insti-
tutions, academia and policy-makers.

Case studies are planned for two areas that have 
already experienced impacts of extreme weather events, 
namely, the Rhine Valley and the UK’s west coast. This 
will include monitoring activities connected to: sudden 
temperature changes; slippery tracks; lightning strikes; 
risk management processes for floods; development of 
modified design criteria for new structures; and rein-
statement and renewal of defunct drainage systems. 

Results obtained from the case studies should have a 
high level of transferability to other European regions 
and transport sectors. The case studies cover a broad 
range of different geographic and geomorphologic 
regions, from coastal to mountainous areas.

Next steps
ARISCC primarily addresses European railways, with 
an especial focus on Eastern and Central Europe, but 
the intention is to expand it to an international perspec-
tive. The working structure for ARISCC comprises the 
following phases:
• �General agreement of railways on very general  

adaptation strategies and action programmes 
• �Vulnerability mapping – identify the most 

endangered assets and locations
• �Standards (new and existing infrastructure) – how 

to adapt these in a way that integrates climate 
change factors

• Learn from each other – exchange good practices
• Establishing a catalogue of adaptation measures
• �Formalize and fine-tune the adaptation strategy and 

action programme.

This work will be conducted in 2009-2010 as a 
joint cooperation between the UIC Environment, 
Energy and Sustainability Platform and the UIC 
Infrastructure Department. 

Rising sea levels increase the threat of flooding to coastal railway lines
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