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Foreword

Vulnerability to natural disasters has increased tremendously during the past 25
years and their effects disproportionately affect poor people. Natural disasters,
such as storms, especially tropical cyclones, floods, droughts, forest fires, and
landslides, affect the poor more severely because they are often forced to live
in areas that are more susceptible to natural hazards. With few alternatives
within their reach, the poor often make their living on steep hillsides, or low-
lying riparian and coastal areas that are exposed to landslides, mudslides, floods
and tidal waves. An increasing number of these fragile sites are facing rapid
environmental degradation including erosion, reduced soil fertility, declining
quality and availability of freshwater, increase in pests and diseases, and loss of
biodiversity. Poor people generally do not have the savings or access to credit
to mitigate these risks, and even fewer assets to rely on in such hard times.

Climatic variables are increasingly considered as a determinant factor in
the development process. It is now well recognised that many developing
countries, particularly in the tropics, are more exposed to extreme events and
that they are likely to be more vulnerable than countries in other regions. This
is especial relevant for poor households living in these countries because, in
general, their livelihoods count with a much lower adaptation capacity.

Current changes in the climatic system tend to increase the vulnerability
of livelihoods in two main ways: First, due to the fact that many of such
livelihoods are exposed to more frequent and intense extreme events causing
increasingly negative impacts. The second reason is related to the long-term
impacts of changes in temperature and rain patterns. Some potential impacts
are loss of land as a consequence of searise, loss of arable land due to extended
drought periods, loss of food or other basic goods and in general an important
reduction of the production basis of the poor. Understanding the interrelations
between changes in the climatic system and development is therefore crucial
for increasing adaptation capacity at the local level. This represents a challenge
for scientists as for policy makers and those engaged in development
cooperation.

In recognition of the need to establish a bridge between science, policy
making and development cooperation, the Swiss Foundation for Development
and International Cooperation (Intercooperation), the Centre for International
Forestry Research (CIFOR), and the Tropical Agricultural Research and Higher



vi | Foreword

Education Center (CATIE), with the financial support of the Swiss Agency for
Development Cooperation (SDC), organized in March 2004 in Turrialba, Costa
Rica an international workshop on “Adaptation to Climate Change, Sustainable
Livelihoods and Biological Diversity".

The book we present here encompasses the discussions and conclusions
made in the workshop and presents in addition some specific inputs from
science and policy-making on the subject matter. As one of the initial efforts
in linking climate change, sustainable livelihoods and biological diversity, the
book opens up challenges to scientists and practitioners to commonly assess
the needs of poor livelihoods to successfully cope with climate change and to
bridge the gap for a meaningful implementation of lessons learned at the level
of thefield.Itis hoped that the book can make a significant contribution towards
a better understanding of the future challenges in development cooperation
to help adapting poor households to the hazards of climate change.

Jiirgen Blaser José Juaquin Campos David Kaimowitz
Intercooperation CATIE CIFOR
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Background

Impacts of climate change on natural resources are many and its chain of
causality yet difficult to understand. Projected changes in the climatic system
will affect natural and social systems globally, increasing their vulnerability and
affecting their ability to supply goods and services to meet constantly increasing
demand. Along with changes in mean climatic conditions like global warming,
the globe may face other severe changes that affect the whole climate system,
such as changes in oceanic circulation and the melting of the Greenland ice
sheet.

For forestry and other natural resources management, the major challenges
are in developing best practices for adaptation measures to maintain ecosystem
resilience and reduce vulnerability under various climate change scenarios, to
find practical ways to integrate the production of multiple ecosystem services
in landscapes as well as to integrate those social groups mostly affected.

Historically, shortages in food production and water stresses have often
been buffered at the cost of forests. This has affected both natural and social
systems increasing their overall vulnerability. Such consequences on the natural
systems include e.g. the degradation of watersheds, lost of ecosystems and lost
of soils. On the social side migration, lost of cultural habitat and increase of
poverty levels for many segments of the population are the result. Under these
circumstances climate change results in the increment of existing hazards
for both natural and social systems (e.g. through the increment in floods or
droughts).
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More pressure on forests and natural resources will also result from the
response of human societies to climate change. Even if along the history,
societies have adjusted their behavior to minimize the negative impacts
of climatic changes, now, we are facing a new challenge: adapting to future
climatic conditions, which are changing faster than in other periods.

As with many other natural phenomena, adaptation to changing climate
has been reactive, in the sense that, until now, adaptation measures are carried
out only when the natural phenomenon triggering this behavior has already
occurred. However, in order to plan and carry out more cost-effective adaptation
measures, anticipatory measures and actions aimed reducing vulnerability
and increasing resilience are becoming in the sense that it is based on some
assessment of conditions in the future. Therefore governments, civil society
and resource managers should explore the alternatives for appropriate and
cost-effective adaptation measures.

According to the Third Assessment Report of the Intergovernmental Panel
on Climate Change (IPCC, 2001), “adaptation to climate change is defined as
an adjustment in ecological, social or economic systems in response to observed
or expected changes in climatic stimuli and their effects and impacts in order to
alleviate adverse impacts of change or take advantage of new opportunities”.
Adaptation can involve both building adaptive capacity thereby increasing
the ability of individuals, groups, or organizations to adapt to changes, and
implementing adaptation decisions, i.e. transforming that capacity into action.
Both dimensions of adaptation can be implemented in preparation for or in
response to impacts generated by a changing climate. Hence, adaptation is a
continuous stream of activities, actions, decisions and attitudes that informs
decisions about all aspects of life, and that reflects existing social norms and
processes (Adger et al., 2005).

In the past the international policy discussion on climate change has mainly
focused on the preparation of modalities and rules that promote the mitigation
strategy. Treated very often as a separate issue, the discussion on adaptation to
climate change has made its progress at a slower pace. However, adaptation
is the most critical climate change issue for many developing countries, and a
solid scientific basis to address this topic through cost-effective, comprehensive
and equitable policies and development efforts is urgently needed.

Developing countries are clearly disadvantaged for coping with the
consequences of climate change. Their environment, economies and societies
are highly vulnerable to the impacts of climate change, while their human and
institutional capacities have limited response capacities. The most vulnerable
are the poorer social groups, whose subsistence depends from the environment
in which they live. Under the pressure of climate change, the environment is
responding in many different ways, some of which are difficult to foreseen. Due
to the changes in environmental patterns, existing problems are exacerbated
and new ones can appear. As a consequence many vital factor for sustainable
development such as water and food supply, health, infrastructure, and natural
ecosystems are seriously endangered.
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As direct and indirect impacts of climate change are trans-boundary, they
affect societies, peace and governance in entire regions of the world, unless
appropriate adaptation strategies will be designed and implemented.

The role of science in forecasting climate change, modeling impacts,
assessing vulnerability, and supporting the design of adaptation strategies
is fundamental. However, scientific research can only be effective if it is
interdisciplinary and articulated with policy and development efforts.

The workshop on Adaptation to Climate Change,

Sustainable Livelihoods ans Biological Diversity’

and its participants

The aim of the workshop was to promote the implementation of adaptation

strategies to climate change through a interdisciplinary approach that includes

policy making, science and field expertise in natural resource management.
Its specific objectives were as follows:

« to exchange experiences and results regarding the adaptation strategy to
climate change between science, community based experiences and policy
developments;

e togenerate a shared agenda of research, communication and coordination
between research and development institutions on adaptation to climate
change;

e toestablish adequate mechanisms for informing policy makers and follow-
up implementation of the agenda.

About 50 persons from 16 countries participated in the workshop.
Approximately half of them came from developing countries. The workshop
was an expert meeting, and participants expressed their views in their personal
capacities, not as country representatives or representatives their specific
institutions.

The workshop was divided into 3 sessions: two plenary sessions one at
the beginning and the other at the end of workshop, and a session were the
participants worked in four working groups. In the first plenary session, invited
speakers introduced the four main themes of the workshop:

e Local climate change modeling;

« Climate change, sustainable livelihoods and poverty;
« Linking mitigation with adaptation; and

« Adaptation and biological diversity.

In the four parallel sessions were participants worked in working groups,
the aim was to discuss and prepare an outline of a joint paper on the four themes

' This workshop, which took place in Turrialba, Costa Rica, in March 2004, was fully financed by
the Swiss Agency for Development and Cooperation (SDC). It was organized by CATIE, CIFOR and
Intercooperation.
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mentioned above. In the final plenary session, the working groups presented
their results, and a general discussion on the findings was carried out.

The atmosphere of the CATIE workshop was highly constructive and
cooperative, leading to innovative exchange of experiences and perspectives.
Theparticipantsoftheworkshoprepresenteddifferentdisciplinarybackgrounds,
ways of thinking, geographical focus, and experience. This led into an unusually
vivid discussions and debate.

This book

This book is divided into three main parts. The first part focuses on the four
main themes of the workshop and raises important issues and questions on
adaptation to climate change. The second part consists of joint papers written
by the working groups, where they analyze further the issues raised, and present
case studies to illustrate these issues. The final part consists of conclusions of
the workshop and the papers presented.

References

Adger, W.N., Arnell, N. W. and Tompkins, E. (2005) ‘Successful adaptation to
climate change across the scales’ Global Environmental Change 15:77-86.

Intergovernmental Panel on Climate Change (IPCC) (2001) ‘Intergovernmental
Panel on Climate Change (IPCC), Climate Change 2001: Impacts, Adaptation
and Vulnerability’ Summary for Policy Makers, World Meteorological
Organisation, Geneva.



Adaptation to climate change:
Findings from the IPCCTAR
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1. Anthropogenic climate change

Anthropogenic emissions of greenhouse gases and aerosols influence the
climate of the Earth. Working Group | (WG 1) of the Intergovernmental Panel
on Climate Change (IPCC) assesses observed and potential future changes in
climate. The report contributed by WG I to the IPCC’s Third Assessment Report
(TAR), concludes, inter alia, that the globally averaged surface temperatures have
increased by 0.6 + 0.2° C over the 20th century (Houghton et al., 2001). For the
range of scenarios considered in the TAR, projections which involve no climate
policy intervention (Nakicenovic and Swart, 2000) indicate that the globally
averaged surface air temperature is expected to rise between 1.4 and 5.8° C
by 2100 relative to 1990 and the globally averaged sea level to rise between
0.09 and 0.88 m by 2100. The projections suggest that the warming would vary
by region, and be accompanied by increases and decreases in precipitation.
In addition, there would be changes in the variability of climate, and changes
in the frequency and intensity of some extreme climate phenomena. These
changes will have impacts on natural and human systems.

The Earth'’s climate system is complex, non-linear and adaptive. Its response
to an external forcing such as anthropogenic greenhouse gas emissions is slow.
This slowness, known as ‘inertia, implies that even if greenhouse gas emissions
are reduced dramatically in the near future and atmospheric concentrations
are stabilised, surface air temperature will continue to rise by a few tenths of
a degree per century for a century or more, impacting natural and human
systems. Therefore, adaptation to the new situation is inevitable and is already
necessary in some cases. Early adaptation measures are appropriate because
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the inertia of the climate system, but also because ecological and socio-
economic systems have inertia and decisions on adaptation measures need
time. Furthermore adaptation is increasingly recognised as a component for
attaining sustainable development and is essential for the achievement of
many global environmental objectives.

The TAR indicates that many uncertainties are associated with the
projections and the impacts of climate change. Nevertheless, the confidence
level associated to each one of the findings of the TAR is higher than that
associated to related findings in previous IPCC assessments.

2. Definitions

In its glossary, the TAR provides definitions of the concepts adaptation,
mitigation, vulnerability and sensitivity. This section lists these definitions
(McCarthy et al., 2001):

Adaptation

Adjustment in natural or human systems in response to actual or expected

climatic stimuli or their effects, which moderates harm or exploits beneficial

opportunities. Various types of adaptation can be distinguished, including
anticipatory and reactive adaptation, private and public adaptation, and
autonomous and planned adaptation:

¢ Anticipatory Adaptation—Adaptation that takes place before impacts of
climate change are observed. Also referred to as proactive adaptation.

¢ AutonomousAdaptation—Adaptationthatdoesnot constituteaconscious
response to climatic stimuli but is triggered by ecological changes in natural
systems and by market or welfare changes in human systems. Also referred
to as spontaneous adaptation.

¢ Planned Adaptation—Adaptation that is the result of a deliberate policy
decision, based on an awareness that conditions have changed or are about
to change and that action is required to return to, maintain, or achieve a
desired state.

e Private Adaptation—Adaptation that is initiated and implemented by
individuals, households or private companies. Private adaptation is usually
in the actor’s rational self-interest.

¢ Public Adaptation—Adaptation that is initiated and implemented by
governments at all levels. Public adaptation is usually directed at collective
needs.

¢ Reactive Adaptation—Adaptation that takes place after impacts of climate
change have been observed.

Adaptation Assessment

The practice of identifying options to adapt to climate change and evaluating
them in terms of criteria such as availability, benefits, costs, effectiveness,
efficiency, and feasibility.
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Adaptation Benefits
The avoided damage costs or the accrued benefits following the adoption and
implementation of adaptation measures.

Adaptation Costs
Costs of planning, preparing for, facilitating, and implementing adaptation
measures, including transition costs.

Adaptive Capacity

The ability of a system to adjust to climate change (including climate
variability and extremes) to moderate potential damages, to take advantage of
opportunities, or to cope with the consequences.

Maladaptation

Any changes in natural or human systems that inadvertently increase
vulnerability to climatic stimuli; an adaptation that does not succeed in reducing
vulnerability but increases it instead.

Mitigation
An anthropogenic intervention to reduce the sources or enhance the sinks of
greenhouse gases.

Vulnerability

The degree to which a system is susceptible to, or unable to cope with, adverse
effectsof climatechange,includingclimatevariabilityand extremes.Vulnerability
is a function of the character, magnitude, and rate of climate variation to which
a system is exposed, its sensitivity, and its adaptive capacity.

Sensitivity

The degree to which a system is affected, either adversely or beneficially, by
climate-related stimuli. Climate-related stimuli encompass all the elements
of climate change, including mean climate characteristics, climate variability,
and the frequency and magnitude of extremes. The effect may be direct (e.g., a
change in crop yield in response to a change in the mean, range or variability of
temperature) or indirect (e.g. damages caused by an increase in the frequency
of coastal flooding due to sea-level rise).

3. Findings from the TAR on impacts of climate change
The TAR presents a number of ‘emergent findings' on impacts of climate
change on natural and human systems. The observed and predicted impacts
from these emergent findings would need adaptation measures in order to
minimise their adverse consequences. The most relevant emergent findings
are the following:
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Recent regional climate changes, particularly temperature increases, have
already affected many physical and biological systems.

Observations indicate that regional changes in climate, particularly increases in
temperature, have already affected physicaland biological systemsin many parts
of the world. Examples include: shrinkage of glaciers, thawing of permafrost,
later freezing and earlier break-up of ice on rivers and lakes, lengthening of
mid- to high-latitude growing seasons, pole-ward and altitudinal shifts of plant
and animal ranges, declines of some plant and animal populations, and earlier
flowering of trees, emergence of insects, and egg-laying in birds. Changes in
many aquatic, terrestrial and marine environments have been associated with
changes in regional temperatures.

There are preliminary indications that some human systems (infrastructure,
economic activities such as agriculture, etc.) have been affected by recent
increases in floods and droughts.

Some social (e.g. human settlements) and economic (e.g. agriculture) systems
have been affected by the recent increasing frequency of floods and droughts
in some areas.

Natural systems are vulnerable to climate change and some will be
irreversibly damaged.

A number of natural systems are especially vulnerable to climate change
because of limited adaptive capacity and some of these systems may undergo
significant and irreversible damage. Natural systems at risk include: glaciers,
coral reefs and atolls, mangroves, boreal and tropical forests, polar and alpine
ecosystems, prairiewetlands,and remnantnative grasslands.While some species
may increase in abundance or range, climate change will increase existing risks
of extinction of some more vulnerable species and loss of biodiversity. The
geographical extent of the damage or loss and the number of systems affected
will increase with the magnitude and rate of climate change.

Many human systems are sensitive to climate change, and some are
vulnerable.

Among the human systems that are sensitive to climate change are: water
resources; agriculture (especially food security) and forestry; coastal zones
and marine systems (fisheries); human settlements, energy, and industry;
insurance and other financial services; and human health. The vulnerability of
these systems varies with geographic location, time, and social, economic, and
environmental conditions.

Projected adverse impacts include: a general reduction in crop yields
in most tropical and sub-tropical regions for most projected increases in
temperature; a general reduction, with some variation, in potential crop yields
in most regions in mid-latitudes for increases in annual-average temperature
of more than a few degrees; decreased water availability for populations in
many water-scarce regions, particularly in the sub-tropics; an increase in the
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number of people exposed to vector- (e.g. malaria) and water-borne diseases
(e.g. cholera), and an increase in heat stress mortality; a widespread increase in
the risk of flooding for many human settlements (tens of millions of inhabitants
in settlements studied) from both increased heavy precipitation events and
sea-level rise; and increased energy demand for space cooling due to higher
summer temperatures.

There are also projected beneficialimpacts of climate change among which:
increased potential crop yields in some regions at mid-latitudes for increases in
temperature of less than a few degrees; a potential increase in global timber
supply from appropriately managed forests; increased water availability for
populations in some water-scarce regions — for example, in parts of South-
East Asia; reduced winter mortality in mid- and high-latitudes; reduced energy
demand for space heating due to higher winter temperatures.

Projected changes in climate extremes could have major consequences.
Some extreme events (e.g. droughts, floods, heat waves, avalanches, and
windstorms) are projected to increase in frequency and/or severity during
the 21st Century due to changes in the mean and/or variability of climate.
The severity of their impacts will also increase in concert with global warming.
Conversely, the frequency and magnitude of extreme low temperature events,
such as cold spells, is projected to decrease in the future, with both positive
and negative impacts. The impacts of future changes in climate extremes are
expected to fall disproportionately on the poor.

The potential for large-scale and possibly irreversible impacts poses risks
that have yet to be reliably quantified.

Projected climate changes during the 21st century may lead to large-scale
irreversible changes in Earth systems. Examples include: significant slowing of
the ocean circulation that transports warm water to the North Atlantic; large
reductions in the Greenland and West Antarctic Ice Sheets; accelerated global
warming due to carbon cycle feedbacks in the terrestrial biosphere; and release
of terrestrial carbon from permafrost regions and methane from hydrates in
coastal sediments. The possibility of these changes is currently not well-known,
but their likelihood is expected to increase with the rate, magnitude, and
duration of climate change.

Impacts of these changes would be widespread and sustained. For example,
significant slowing of the oceanic thermohaline circulation would impact deep-
water oxygen levels and carbon uptake by oceans and marine ecosystems,
and would reduce warming over parts of Europe. Disintegration of the West
Antarctic Ice Sheet or melting of the Greenland Ice Sheet could raise global sea
level up to 3 m each over the next 1,000 years, submerge many islands, and
inundate extensive coastal areas. Releases of terrestrial carbon from permafrost
regions and methane from hydrates in coastal sediments, induced by warming,
would further increase greenhouse gas concentrations in the atmosphere and
amplify climate change.
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Adaptation is a necessary strategy at all scales to complement climate
change mitigation efforts.

Adaptation may reduce adverse impacts of climate change and may enhance
beneficialimpacts, butwillincur costsand will not preventalldamages. Although
human and natural systems will, to some degree, adapt autonomously to
climate change, planned adaptation can supplement autonomous adaptation.
In order to reduce adverse impacts of climate change, adaptation is necessary
to complement mitigation.

Experience with adaptation to climate variability and extremes can be used
to develop appropriate strategies for adapting to anticipated climate change.
Maladaptation, such as promoting development in hazard-prone high-risk
locations, has to be avoided but can also occur due to decisions based on short-
term considerations, neglect of known climatic variability, imperfect foresight,
insufficient information, and over-reliance on insurance mechanisms.

Vulnerability varies across regions.
The vulnerability of human populations and natural systems to climate change
differs substantially across regions and across populations within regions.

Those with the least resources have the least capacity to adapt and are the
most vulnerable.

The capacity to adapt to climate change depends on factors such as wealth,
technology, education, information, skills, infrastructure, access to resources,
and management capabilities. Developing countries, particularly the least
developed countries (LDCs), are generally poorest in this regard. As a result,
they have lesser capacity to adapt and are more vulnerable to climate change
damages. This condition is most extreme among the poorest people.

The effects of climate change on loss of life and on investment and the
economy will be greatest in developing countries. So far, the relative percentage
damages to GDP from climate extremes have been substantially greater in
developing countries than in developed countries.

More people are projected to be harmed than benefited by climate change,
even for global mean temperature increases of less than a few degrees.

In spite of uncertainties, it seems that increases in global mean temperature
would produce net economic losses in many developing countries for all
magnitudes of warming, and losses would be greater in magnitude the higher
the level of warming. In developed countries, an increase in global mean
temperature of up to a few degrees would produce a mixture of economic
gains and losses, with economic losses for larger temperature increases.

Adaptation, sustainable development, and enhancement of equity can be
mutually reinforcing.

Many communities and regions that are vulnerable to climate change are also
under pressure from forces such as population growth, resource depletion, and
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poverty. Policies that lessen pressures on resources, improve management of
environmental risks, and increase the welfare of the poorest members of society
can simultaneously advance sustainable development and equity, enhance
adaptive capacity, and reduce vulnerability to climate and other stresses.
Inclusion of climatic risks in the design and implementation of national and
international development initiatives can promote equity and development
that is more sustainable and that reduces vulnerability to climate change.

4. Approaches to adaptation to climate change

After identifying potential impacts of climate change, the TAR deals with
approaches to adaptation, in particular in its Synthesis Report (Watson et
al., 2001). It concludes that reduction of greenhouse gas emissions, even
stabilisation of their concentrations in the atmosphere at a low level, will not
prevent climate change and its impacts. Furthermore, given the inertia in the
climate system, some adaptation to climate change is inevitable and already
necessary. But it will entail costs and will not prevent all damages resulting
from climate change.

In the context of adaptation, inertia plays an important role in ecological
systems and in socio-economic sectors. The TAR indicates that there is typically
a delay of years to decades between perceiving a need to respond to a major
challenge, planning, researching and developing a solution, and implementing
it. The same delay happens also in social structures. As a result of these inertias,
some of the consequences of actions taken, or not taken, will only be felt many
years in the future. Therefore anticipatory adaptive action can be very efficient
and cost-effective if the anticipated trend materialises. This is particularly true
for sectors with long-lived infrastructure, such as dams and bridges, and large
social inertia, such as misallocated property rights.

Concerningthe costs of adaptation, the TAR concludes thatadaptation costs
and challenges can be lessened by mitigation of climate. In fact, greenhouse
gas emission reductions would reduce the magnitude and rate of changes to
be adapted to, possibly including changes in the frequencies and intensities
of extreme events. The smaller changes to which systems would be exposed
and slower pace at which stresses would increase would allow more time for
adaptation and lessen the degree to which current practices for coping with
climate variability and extremes might need to be modified. More substantial
mitigation measures will therefore reduce adaptation costs to attain a specified
adaptation objective.

Finally, the TAR finds that adaptation can complement mitigation as part
of a cost-effective approach to reducing climate change risks. An optimal
combinationofadaptationandmitigationcanadvancesustainabledevelopment
objectives. In order to assure that such an appropriate design is achieved,
adaptation and mitigation decisions have to be done in coordination.
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5. Adaptation under the UNFCCC and its Kyoto Protocol
The articles of the UN Framework Convention on Climate Change (UNFCCC)
and its Kyoto Protocol contain reference to adaptation (UN, 1992; UNFCCC,
1997). The past sessions of the Conference of the Parties (COP) to the UNFCCC
have adopted specific decisions in relation to adaptation to support the
implementation of the principles outlined in the articles. A list of these elements
follows.

Article 4.1 of the UNFCCC requires all Parties to undertake actions relating
to adaptation, facilitate adequate adaptation and cooperate in preparing for
adaptation. Articles 4.4, 4.8 and 4.9 request developed country Parties to assist
developing country Parties that are particularly vulnerable to the adverse
effects of climate change in meeting the costs of adaptation.

To implement these provisions, the COP has adopted the following
decisions :

o COP 1 (Berlin, 1995): decision 11/CP1. Adaptation will require short, medium
and long-term strategies to be implemented sequentially in three stages.
Stage | consists of planning (i.e. studies on climate change impacts); Stage
Il includes identification of measures to prepare for adaptation, including
further capacity building; and Stage lll includes measures to facilitate
adequate adaptation. COP | requested the Global Environment Facility
(GEF), as the financial mechanism of the UNFCCC, to fund Stage | activities
through national communications. Under the guidance of the COP, the GEF
assists developing country Parties technically and financially to implement
their commitments under the Convention.

o COP 4 (Buenos Aires, 1998): decision 2/CP.4.The GEF was given the mandate
to fund and implement Stage Il activities in particularly vulnerable countries
and regions identified in Stage I.

e COP 7 (Marrakech, 2001): the ‘Marrakech Accords’ address the vulnerability
and adaptation in several decisions (5/CP.7, 6/CP.7, 7/CP.7 and 10/CP.7)
and established three new funds, including two Convention funds with
significant adaptation components, and an explicit Adaptation Fund under
the Kyoto Protocol. All funds will be managed by the GEF.

o Decision 7/CP.7: creation of the LDC Fund to support the preparation
of the National Adaptation Programmes of Action (NAPAs), and
establishment of the Special Climate Change Fund to support
adaptation, technology transfer and other activities to assist developing
countries in diversifying their economies.

o Decision 10/CP7: establishment of the Adaptation Fund under the
Kyoto Protocol.

o Decision 5/CP.7: states that actions related to adaptation should follow
an assessment and evaluation process based on the information
provided by Parties (in the so-called ‘national communications’)
or other relevant information so as to prevent maladaptation and
to ensure adaptation actions. This decision identifies a number of
vulnerability and adaptation related activities to be supported by
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the GEF or other donors such as: enabling activities for vulnerability
and adaptation assessment; technical training for vulnerability and
adaptation assessment; capacity building to integrate adaptation
into sustainable development programmes; capacity building for
preventive measures, planning, preparedness of disasters relating to
climate change, including contingency for droughts and floods; and
promotion of adaptation technologies.

Decision 6/CP.7: the GEF is requested to establish pilot or demonstration
projects to show how adaptation planning and assessment can be
practically translated into projects that will provide real benefits and
may be integrated into national policy and sustainable development
planning on the basis of information provided in the national
communications or in-depth studies, including NAPAs and of the
staged approach. This includes: building the capacity, including where
appropriate, institutional capacity for preventive measures, planning
preparedness for disaster related to climate change, including in
particular, contingency planning for droughts and floods in areas prone
to extreme weather events; and strengthening existing and, where
needed, establishing early warning systems for extreme weather events
in an integrated and interdisciplinary manner to assist developing
country Parties in particular those most vulnerable to climate change.

COP 8 (New Delhi, 2002): decision 17/CP.8. Parties agreed on improved
guidelines for the second national communications of developing countries,
which provide expanded scope for support of vulnerability assessments
and consideration of measures to prepare for adaptation.

COP 9 (Milan, 2003): decisions with implications to the GEF adaptation
portfolio:

o

Decision 4/CP9: the COP request the GEF to operationalise the
new strategic priority in the climate change focal area (‘Piloting an
operational approach to adaptation’ (GEF Council, 2004)) as soon as
possible, and to include in its report to COP 10 information on specific
steps undertaken to implement this decision.

Decision 10/CP.9: establishment of an agenda item on adaptation to
focus on exchanging information and sharing experiences and views
among Parties on practical opportunities and solutions to facilitate the
implementation of the Convention.

Adaptation is also mentioned in Article 10 of the Kyoto Protocol, where
Parties are requested to formulate and to implement measures to facilitate
adequate adaptation.



14 | Adaptation and the IPCC

6. Conclusions
The IPCC has established solid basis for action on adaptation to climate change,
including information on impacts of climate change at the global and regional
level, and conceptual frameworks for the development of measures, including
coordination with mitigation. Among the main findings of the IPCC is that
adaptation to climate change is inevitable and already necessary in some
cases, given the inertia in the climate system, but will not prevent all damages
resulting from climate change.

At the international level, the UNFCCC and its Kyoto Protocol contain
provisions on adaptation allowing international cooperation. Decisions of the
COP request the GEF to provide assistance to developing countries.
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1. Introduction

For users of climate change data, one of the biggest problems is that General
Circulation Models (GCMs) have a large footprint; for example, the Hadley II
Grid Cells cover the whole of Panama. Although later models have smaller
pixel sizes, none as yet can model the local environment. One way around this
problem is to nest the models; this is known as dynamic downsizing.

We have used a GCM of the whole world at the outset, then within certain
cells of that model we nest another copy of the model; this could model up to
the same number of grid cells as the original world model. We could even go
down to a third-level model, to simulate local climate on a daily basis, 50 to
100 years in the future, although there are limitations to the precision of such a
study. Furthermore, such an exercise is very costly, even at first level. The Hadley
Centre employed two, multi-million dollar supercomputers for their original
model. Once nested, using the same number of pixels and computation, the
same level of computer input is needed to model them. Thus, even to simulate
the weather of a small region requires a considerable input.

Thelnternational CenterforTropical Agriculture (CIAT, the Spanish acronym)
has been developing a set of climate mapping tools: FloraMap® predicts the
distribution of plants and other organisms in the wild; MarkSim® generates
simulated weather data for crop modelling and risk assessment; GxEngine™
maps varietal yield potential from the results of large trial networks; and
Homologue™ identifies environmental homologues throughout the tropical
world. We have been testing how the first two of these tools can be used to
estimate the local effects of climate change using the alternative approach of
statistical downscaling.

15
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2. Methods

2.1 FloraMap

FloraMap is a software package for predicting the distribution of plants and
other organisms in the wild. It uses the climate data from a set of known
collection points where a given species has been found, to build a model of
the probability of finding the organism in a given climate. It can be used to
produce a map of the probability of finding a specific species based only on
climate. The algorithm was originally published in Jones et al. (1997) and was
used in its original Fortran for a number of studies (e.g. Sawkins et al., 1999).
It has subsequently been released as a complete version for Windows® (Jones
and Gladkov, 1999). FloraMap has been used successfully on many species,
including wild bean, Phaseolus vulgaris L. (Jones and Beebe, 2001), Passiflora
sp. (Segura et al., 1999) and Arachis sp., the wild relatives of the peanut (Arachis
hypogaea [L].) (Jarvis et al., 2002).

FloraMap uses climatic data from a 10-arc-minute grid (corresponding to 18
by 18 km at the equator) for Latin America and Africa, and 2.5 arc-minutes for
Asia, interpolated from observations from about 20,000 meteorological stations
throughout the tropics. The interpolation algorithm is based on the inverse
square of the distance between five stations closest to the interpolated pixel. The
climatic variables included are the monthly averages for temperature, rainfall and
diurnal temperature range.

Mean temperature is standardised with elevation using the NOAA TGP-006
digital elevation model (NOAA, 1984) and a lapse rate model (Jones, 1991). The
CIAT climate applications can work with other interpolated surfaces and are
being adapted to use the 30 arc-second surfaces produced at the University of
California at Berkeley by Robert Hijmans.

For each accession, the 36 climate variables (12 monthly means for
temperature, rainfall, and diurnal temperature range) are extracted for the pixel
in which the accession is located, and a principal components analysis (PCA) is
applied to identify a smaller number of variables that account for the bulk of
the variance in climates among the accession locations. The PCA is performed
on the variance-covariance matrix to maintain the weightings between the
variates. A multivariate-Normal distribution is fitted to the principal component
scores, and the multidimensional probability of belonging to the distribution
can then be calculated for all pixels. The result is a surface where the value of
each pixel denotes the probability that the climate of that pixel belongs to the
multivariate-Normal distribution fitted in the model.

2.2 MarkSim

Over the last few years, we have developed and extensively tested a third-order
Markov rainfall model (Jones and Thornton, 1993; 1997; 1999). MarkSim (Jones
and Thornton, 2000; Jones et al., 2002) is an application derived from this work,
available on CD-ROM, which will generate synthetic daily weather files for use
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with models such as the Decision Support System for Agrotechnology Transfer
(DSSAT)' series of crop models (ICASA, 2004). The MarkSim model can be run
for each distinct point on the map by estimating the third-order Markov model
parameters from interpolated climate surfaces. The relevant characteristics can
be extracted from each model run and can be readily mapped in the study
area. Being able to model outlying rainfall years satisfactorily is particularly
important in studies aimed at quantifying production system risk.

A Markov model works by randomly sampling a series of events where
the probability of observing an event depends on the occurrence of previous
events. A third-order Markov model takes into account events occurring over
the previous three days. We have found that, whereas a lower order model is
often sufficient for temperate climates, the third order is necessary for many
tropical climates. This simple model should be able to simulate the variance of
monthly and annual rainfall for sites in the tropics and subtropics, but even the
third order model falls short of reality. The MarkSim rainfall generator makes
good this deficit by means of annual random re-sampling of certain of the
model’s own parameters, however, this comes at a price. The resulting model
has 117 parameters; fortunately, there is considerable redundancy.

Jones and Thornton (1997) showed that patterns could be discerned in
the parameter values that were typical for certain types of climate. In MarkSim,
world climates are clustered into about 700 types and regression models are
used to predict the Markov model parameters within the restricted climate sets
(Jones and Thornton, 1999; 2000). The MarkSim system identifies the climate set
relevant to any required point on the globe using interpolated climate surfaces
and evaluates the model parameters for that point. The model can thus be used
to interpolate rainfall data for places where actual data do not exist.

2.3 Standardising dates

The climatic events that occur through the year, such as summer/winter and
start/finish of the rainy season, are of prime importance when comparing one
climate with another. Unfortunately, they occur at different dates in many
climate types. The most obvious case is where climates are compared between
points in the Northern and Southern Hemispheres but more subtle differences
can be seen in climate event timing throughout the tropics. What we need is a
method of eliminating these differences to allow us to make comparisons free
of these annual timing effects.

Let us look at two hypothetical climate stations. They are in a typical
Mediterranean climate — warm wet winters, hot dry summers.‘Northville’ could
be somewhere in California, and ‘Southville’ might be in Chile. The August
rainfall in Southville is received in January in Northville. If we plot these rainfalls
in polar co-ordinates, we can readily see that to compare them we need to
rotate them to a standard time (Figure 1).

! http://www.icasa.net/dssat/
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Figure 1. lllustration of data rotation (Source: Jones & Gladkov, 1999)




Peter G. Jones | 19

How do we rotate this data automatically? The answer is the 12-point
Fourier transform. This is fortunately the simplest of all the possible Fourier
transform algorithms. It is highly computationally efficient and fast. In fact, it is
the basis of nearly all Fast Fourier transform algorithms that break the problem
down sequentially into the simple 12-point case. It takes the 12 monthly values
and converts them to a series of sine and cosine functions. The one used in
FloraMap has a modification to make it conserve the monthly total values
(Jones, 1987). The equation produced is:

6
r=a,+ Zai cos(ix) + b, sin(ix) )

i=1

This can berewritten as a series of frequency vectors, each withan amplitude,
a, and a phase angle, 0,

2, 72 i bi 4
a, = /aj +b 0, = sma— = cosa— 1))

i i

If we subtract the phase angle of the resultant of the first frequency vectors
for rainfall and temperature from all the other vectors in the set, then we have
produced arigid rotation of the vectors. This standardises the dates for all pixels
and we can transform the data back to monthly (but not calendar) values.

3. Results

At CIAT, we have used the Hadley Centre old HadCM2 model, which is
moderately conservative, predicting an increase of about 3°C in the next 50
years. There are, however, more recent models that can be used that run with
a range of greenhouse gas emission scenarios. HadCM2 uses a cell size of 3.75°
longitude by 2.5° latitude. The downscaling technique we used was the simple
delta change method. There may be some inaccuracies in this (Gyalistras et
al., 1994; Hay et al., 2000) but it is a relatively simple method and can be used
quickly for large areas. The difference of the rainfall temperature and diurnal
temperature range from the HadCM2 model for the present and 2055 (mean
of 2040 to 2069) were calculated (Figure 2). These were interpolated to the
precision of the climate surface by the inverse square distance method and
added to the climate grid.

We carried out a study on wild bean in Central America for the present
and in about 50 years’ time (Jones and Beebe, 2001), for which we made a
30 arc-second climate surface for Central America and added in the HadCM2
differences. We used a dataset of some 40 accessions of wild bean. The present-
day distribution (Figure 2) shows an almost contiguous strip through the
highlands of Southern Mexico, Guatemala, Honduras and El Salvador with
localised concentrations into Honduras and Nicaragua. Under the 2040-2069
climate scenario, the analysis indicates that its range may be restricted by up
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Figure 2. Potential distribution of wild bean in Central America. FloraMap®
prediction based on HadCM2 for years 2040 to 2069 (Source: Jones & Beebe, 2001)

to 70% with many of the isolated areas of occurrence disappearing completely.
Reductions in El Salvador, Nicaragua and Honduras are about 90% to 100%. In
Panama, beans disappear completely. This will be an important loss. Wild beans
have been used to recover genes lost when the crop was domesticated. One of
these was the gene for resistance to bean weevil (Bruchid) attack. It is estimated
that this insect damages over US$2 billion worth of beans. The protein from the
wild beans collected in Arcelia in Mexico gives complete resistance and is being
incorporated in commercial varieties. Nobody knows what other important
genes are out there in the wild populations; if they disappear, we have no idea
what we are losing.

One of the problems we face in plant breeding and agronomy is how to deal
with climate change. If a future climate is nothing like what we can experience
now, then we have real problems. Plant breeding is a long-term process. At CIAT,
studies started 25 years ago are now yielding commercial drought-tolerant
varieties of beans with a potential of yielding almost 1 ton in conditions where
current bean crops would practically fail to give any harvest at all. No matter
how much biotechnology and controlled environment work is done, the final
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evaluation of a variety must be done in the conditions it will meet in the field.
But where do we find a field similar to the climate of 25 years in the future?

With the FloraMap algorithm, we can look at how the overall long-term
climate will change. Figure 3 shows an example for the Amazon. | made an
artificial accession set of points in the area of Manaus, Brazil and fitted the
FloraMap climate similarity model to them.The top left map in the figure shows
the extent of this climate. It is confined to the area around Manaus without
any homologues in other areas. The map at the top right shows where this
climate will be found in 50 years’ time. Fitting the model against the HadCM2
downscaled grid for the 2040-2069 period gives the extent of the future
climate of Manaus (bottom left in Figure 3). When this model is mapped over
the present day climate grid, we can identify an area in the present day that is
the homologue of the climate of Manaus 50 years into the future. This turns
out to be in and around the municipality of Puerto Lopez, south of the Meta
River in the southern llanos of Colombia. This would make a fine laboratory for
testing varieties and agronomic practices for the future of Manaus, present-day
security problems permitting.
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Figure 3. Present and future climates similar to the area around Manaus, Brazil
(Source: P. G. Jones Unpublished data, CIAT internal presentation)

These models show us how the climate will behave on average atlocal scale.
When we try to determine what will happen with cropping patterns, yields,
etc., we need an estimate of daily data. GCMs give these but at massive global
footprint scale. We need a detailed level. Some form of statistical downscaling
is therefore needed. Here, MarkSim comes in useful. The clustered climates are
a form of weather typing with the model parameters fitted by regression within
each cluster. Using an interpolated grid we can simulate daily weather for any
period, present and future described by a GCM.
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Various outputs can be used but the most frequent is for input to DSSAT
models that now include many crops. DSSAT is a microcomputer software
programme combining crop, soil and weather databases, and programmes
to manage them, with crop model and application programmes, to simulate
multi-year outcomes of crop management strategies. As a software package
integrating the effects of soil, crop phenotype, weather and management
options, DSSAT allows users to ask “what if?” questions and simulate results
by conducting, in minutes on a desktop computer, experiments that would
consume a significant part of an agronomist’s career.

We have made simulations of the maize (Zea mays L.) crop. In the study
reported in Jones and Thornton (2003), we made about 64,000,000 simulations
of a maize growing season to map the effects of climate change on thisimportant
tropical crop. The details of this study are reported elsewhere (Jones, this volume).
Suffice it to say that we found that there was a very wide range of responses. In
some areas, yields actually improved. In Figure 4, these areas show in southern
Brazil, the Central African Highlands and Ethiopia, among a few others. In these
areas it will be vitally important for adaptation to make the correct selection of
varieties to maximise the benefit of the change. In most areas, there is a moderate
yield loss. We would hope that judicious agronomic changes and plant breeding

Yield kg ha™!
1000 [
1so0 [
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Figure 4. Maize yields in Latin America and Africa at present (left-hand side)
with the yield change to the year 2050 (right-hand side) (Source: Jones &
Thornton, 2003)
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could avoid this. It is vital that the plant breeding starts now, as this is a very
time-consuming process and stress tolerance will be needed in a large range of
varieties. In some areas, there is almost complete crop loss. The light blue areas
in North-East Brazil show a 2-ton loss on a 2-ton yield. Plant breeding is unlikely
to solve this problem and it is probable that major changes to the agricultural
system will be needed - including the re-location of some populations.

An important finding is that these effects are in many cases highly localised.
Farmers gaining by the change in North-East Brazil are situated only a few
kilometres from those who lose completely. This means that adaptation studies
and recommendations cannot be made at a regional or national level but must
be essentially local.

4, Discussion

There are drawbacks to using climate grid models. Simulation with MarkSim
depends on a representation climate existing now. If event frequencies
change, we cannot model them because we are dependent on change to
existing patterns, for example, changes in El Nifo events and wind patterns
where we can have changes in orogenic rainfall patterns. What can we do? The
weather typing in MarkSim is entirely based on present climates. Other types
of statistical downscaling could be applied but this would change the structure
of the MarkSim system and would be costly. One solution would be to extend
the MarkSim weather typing to include the output of various scenarios of the
GCM of choice. This is actually feasible but requires large quantities of data at a
high temporal resolution.

Can we afford to use nested GCMs? At present, they are