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1 Introduction 

All non-Annex I Parties to the United Nations Framework Convention on Climate Change 

(UNFCCC) are required to periodically report to the Convention on their activities to implement 

provisions of the Convention.  Non-Annex I Parties are now beginning preparations for their Second 

National Communications.  The Conference of the Parties (COP) Decision 17/CP.8 details the 

reporting requirements for non-Annex I Parties and what should be reported in the vulnerability and 

adaptation to climate change sections of their national communications.  Paragraph 29 states that 

“non-Annex I Parties should provide information on their vulnerability to the adverse effects of 

climate change, and on adaptation measures being taken to meet their specific needs and concerns 

arising from these adverse effects.”
1
 

Decision 17/CP.8 includes an annex entitled “Guidelines for Preparation of National 

Communications from Parties not included in Annex I to the Convention.” Section IV.B of the 

annex covers “programmes containing measures to facilitate adequate adaptation to climate 

change.” Section IV.B is copied in the attachment to this chapter. 

The Consultative Group of Experts (CGE) on National Communications from Non-Annex I Parties 

in its efforts to advise the Subsidiary Body reported that in the first round of national 

communications, all countries reported on their vulnerability to climate change and efforts taken to 

adapt to climate change.  The information in these communications varied widely, in part because of 

different levels of expertise in analyzing climate change and because of the use of different methods 

and tools.  In addition, many of the reports paid special attention to application of methods at the 

expense of analysis of results and implications, integration, and synthesis. 

The UNFCCC Secretariat has provided and is continuing to provide technical assistance to  

non-Annex I Parties in the preparation of their national communications.  The secretariat published a 

number of documents to aid in the analysis of vulnerability and adaptation, including: 

• Reporting on Climate Change: User Manual for the Guidelines on National 

Communications from non-Annex I Parties http://unfccc.int/resource/userman_nc.pdf 

• UNFCCC Compendium of Methods and Tools to Evaluate Impacts of, Vulnerability 

and Adaptation to Climate Change 

http://unfccc.int/files/adaptation/methodologies_for/vulnerability_and_adaptation/applic

ation/pdf/consolidated_version_updated_021204.pdf. 

Getting started 

The most important thing to keep in mind in conducting an assessment of vulnerability and 

adaptation is that the assessment is meant to serve the needs of those asking questions, such as 

stakeholders, not the needs of the analyst.  The assessment must be designed to provide information 

useful to stakeholders to understand vulnerability to climate change and adaptation options.   

                                                 
1 Vulnerability is defined as “the extent to which a natural or social system is susceptible to sustaining damage from climate change” 

(Schneider et al., 2001, p.  89).  Adaptation is defined as “adjustment in ecological, social, or economic systems in response to actual 

or expected climatic stimuli and their effects or impacts” (Smit et al., 2001, p.  881). 
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A vulnerability and assessment (V&A) assessment is not about applying a model; it is about 

supplying useful information to stakeholders.  Thus, models or other tools are necessary only to the 

extent that they help provide useful information. 

The assessment therefore should begin by identifying the questions stakeholders would like to have 

a vulnerability and adaptation assessment answered.  The questions could consist of the following: 

• What is of concern? 

! Is it food production, water supply, health? 

! Concerns may be expressed not in climate terms, e.g., extreme temperature, but in 

consequences of climate for people, e.g., drought, flood, malnutrition. 

• Who may be affected? 

• How far into the future is of concern? 

• For what purpose is the assessment to be used? 

! Raising awareness (education)? 

! Policy making?  

• What kind of output is needed? 

Besides first determining what stakeholders want, another key set of questions to identify before 

getting started relates to the constraints that will affect the assessment.  In particular: 

• What resources are available? 

! How much money is available? 

! How big a staff is available? Can consultants be used? 

! What expertise is available either on staff or through consulting? 

• How much time is available? 

Resources will constrain the assessment.  The approach chosen, i.e., the framework and the 

application of specific models or other tools, should best answer the questions posed by the 

stakeholders within the resource and time constraints. 

Once these questions above are addressed, it is then appropriate to consider alternative approaches 

to conduct the analysis.  The choice of approach or models should be based in part on which ones 

best answer the questions being asked and can be used within available constraints. 

Analytic time frame 

It is also important to note that different questions being asked can lead to using different 

approaches.  For example, the time frame being examined is a very important matter.  If there is 

more interest on the part of stakeholders in understanding impacts of climate change, then the 

analysis ought to look over many decades, perhaps out to 2100.  This is because climate change 

impacts become easier to detect or differentiate from current climate variation in the long run. 

If there is more interest in current vulnerability or adaptation strategies, then the analysis should 

focus on the next few decades up to about 2050.  This is generally because most policy makers 

would have difficulty planning for more than a few decades and some might even have difficulty 

planning for a few decades into the future. 
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Information on vulnerability 

See Chapter 18 of the IPCC Third Assessment 

Report (TAR) Impact, Vulnerability, and Adaptation 

Report for more discussion: 

http://www.grida.no/climate/ipcc_tar/ (Smit et al., 

2001). 

Stakeholder involvement 

Stakeholders should be involved throughout the process.  In particular they should be involved in 

determining what will be examined, what adaptations should be considered, and in evaluating 

results.  For some sets of stakeholders, it may not be important who does the analysis, as long as the 

stakeholders trust that it is being done well.  Other stakeholders may wish to take an active role in 

conducting the analysis or have people they trust (e.g., have worked with previously) conduct the 

research.  Either way, it is important to keep stakeholders involved, at least by keeping them 

informed about progress and interim results. 

Definition of key terms 

Before getting started, and in particular before selecting a framework to apply, it is important to 

understand the concept of vulnerability to climate change.  Vulnerability to climate change has been 

described as a function of three components:  

• Exposure, which is essentially what is at risk to climate change (i.e., what is exposed to 

climate change) and the change in climate.  So, it includes:  

! The population (e.g., people, species) that can be affected by climate change 

! Settlements and infrastructure that can be affected by climate change 

! Natural resources that can be affected by climate change 

! The nature of climate change itself, e.g., change in sea level, temperature, extreme 

events. 

• Sensitivity is defined by the Intergovernmental Panel on Climate Change (IPCC) as 

“the degree to which as system is affected, either adversely or beneficially, by climate-

related stimuli.  Climate-related stimuli encompass all of 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)” (McCarthy 

et al., 2001, p.  6). 

• Adaptive capacity is defined by the IPCC as “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” (McCarthy et al., 2001, p. 6).  

Adaptive capacity is determined by: 

! Economic resources 

! Technology 

! Information and skills 

! Infrastructure 

! Institutions 

! Equity (Smit et al., 2001).

 

All these elements are necessary to 

enhance adaptive capacity.  Limitation in any one can limit adaptive capacity in general 

(Yohe and Tol, 2002). 
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So, vulnerability is defined by the IPCC as “the degree to which a system is susceptible to, or unable 

to cope with, adverse effects of climate change, including climate variability and extremes.  

Vulnerability is a function of the character, magnitude, and rate of climate change and variation to 

which a system is exposed, its sensitivity, and its adaptive capacity” (McCarthy et al., 2001, p.  6).   

The greater the exposure or sensitivity, the greater the vulnerability; the greater the adaptive 

capacity, the lower the vulnerability.  An assessment of vulnerability must consider all these 

components to be comprehensive.   

An impact of climate change is typically the effect of climate change.  For biophysical systems it 

can be change in productivity, quality, or population numbers or range.  For societal systems, impact 

can be measured as change in value (e.g., gain or loss of income) or in morbidity, mortality, or other 

measure of well-being (Parry and Carter, 1998). 

Adaptation is defined by the IPCC as, “adjustment in natural or human systems in response to actual 

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

opportunities” (Smit et al., 2001, p.  881).  Note that the definition includes “actual” (realized) as 

well as “expected” (future or anticipated) changes in climate.  Thus adaptation can be happening in 

response to perceived change in climate or in anticipation of future change in climate.  Autonomous 

adaptation is considered to be adaptations made by affected entities such as individuals, societies, or 

nature in response to observed or perceived changes in climate.  Anticipatory or proactive 

adaptation is made to reduce risk from future changes in climate. 

Role of the handbook 

This handbook has been developed by the CGE and is intended to help non-Annex I Parties prepare 

the sections of their Second National Communications on vulnerability and adaptation.  The 

handbook accompanies a series of PowerPoint presentations.  These presentations contain notes to 

help understand the material in the presentations and help non-Annex I Parties in the process of 

preparation of vulnerability and adaptation. 

The handbook provides a brief overview of some of the main methods being used by nonAnnex I 

Parties to assess vulnerability and adaptation to climate change.  It emphasizes a few methods in 

particular that are readily accessible and applicable.  The handbook also provides guidance on 

obtaining data. 

The PowerPoint presentations, including notes within the presentations, provide more detail on 

some of the methods, data sources, and examples of applications of the methods.  The handbook and 

PowerPoint presentations should be examined together. 

It is important to understand what the handbook does and does not do.  What it does is provide a 

brief overview on methods, tools, and data, including advantages and limitations.  Information is 

given on where readers can obtain software, documentation on methods, and further information.   

What the handbook does not do is provide a detailed discussion of the array of methods and models 

such as was done in the United Nations Environment Programme (UNEP) Handbook on Methods 

for Climate Change Impact Assessment and Adaptation Strategies (Feenstra et al., 1998).  Nor does 

it provide detailed information on a particular framework for assessing vulnerability and adaptation, 

such as the United Nations Development Programme (UNDP) Adaptation Policy Framework (APF; 
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Lim et al., 2005), or on particular assessment methods such as the U.S.  Country Studies Program’s 

Vulnerability and Adaptation Assessments: An International Guidebook (Benioff et al., 1996). 

The handbook addresses the following topics, each of which is also the subject of a PowerPoint 

presentation: 

Chapter 2 Vulnerability and Adaptation Frameworks  

Chapter 3 Baseline Socioeconomic Scenarios  

Chapter 4 Climate Change Scenarios  

Chapter 5 Coastal Resources  

Chapter 6 Water Resources  

Chapter 7 Agriculture  

Chapter 8 Human Health  

Chapter 9 Integration  

Chapter 10 Communication  

Chapters 3, 4, 5, 6, 7, and 8 each begin with a brief overview that outlines the rationale for the 

consideration of the sector, and then each briefly introduces issues relevant to preparing a national 

communications.   
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2 Vulnerability And Adaptation Frameworks 

2.1 Overview 

V&A frameworks provide a structure for examining the potential impacts of climate change and 

adaptation.  It is not necessary to select a particular framework before assessing vulnerability and 

adaptation, but it may be desirable.  The frameworks present a choice of approach.  Implicitly or 

explicitly, you may be selecting an approach for assessing V&A that follows a particular 

framework or at least resembles one.  It is prudent to be aware of the frameworks so as to 

understand what the approach you select will yield and how it may compare to approaches taken 

in other V&A assessments. 

2.1.1 Selection of a framework 
 

The questions posed in the “Getting Started” section of Chapter 1 should help in selecting 

frameworks.  Fundamentally, the framework selected for assessing V&A should best suit the: 

 

• Questions being asked 

• Who is asking them 

• What kind of answers are needed 

• Resource constraints 

• Time constraints. 

2.1.2 Types of frameworks 
 

There are two general types of V&A frameworks: impacts and adaptation.  Impacts frameworks 

are sometimes referred to as “first generation” or “top down” frameworks.  They were mainly 

designed to help understand the potential long-term impacts of climate change.  The adaptation 

frameworks, sometimes referred to as “second generation” or “bottom up” frameworks, have 

been designed to focus on adaptation and involve stakeholders. 

Differences in these two types of framework are shown in Figure 2.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1.  Attributes of top-down and bottom-up approaches to assessing 

vulnerability and adaptation. 

Source: Dessai and Hulme, 2004. 
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2.2 Impacts Frameworks 
 

Focusing on assessing long-term risks from climate 

change, impacts frameworks look out many decades 

into the future, often to 2100, and are often driven by 

scenarios of climate change (which are discussed in 

Chapter 4). 

 

Figure 2.2 gives the main elements of an impacts 

framework.  First, baseline socioeconomic and 

environment scenarios (see Chapter 3) as well as 

climate change scenarios (see Chapter 4) are developed 

by the assessment team.  These should be internally 

consistent.  In other words, assumptions about related 

variables should be consistent.  For example, a higher 

population may be associated with a higher total gross national product (GNP), but not 

necessarily with a higher personal income (GNP/capita).  Then, biophysical impacts (sensitivity) 

are assessed.  Impacts are integrated across related sectors (see Chapter 9) and  

autonomous adaptation are examined.  From this vulnerability can be estimated.  Following that, 

adaptations can be examined.   

 

 

 

 

 

 

Information on impacts frameworks 

 
IPCC seven steps (not available from a 

website; see Carter et al., 1994; or Parry and 

Carter, 1998) 

 

U.S.  Country Studies Program 

http://www.gcrio.org/CSP/webpage.html. 

 

UNEPHandbook 

http://www.falw.vu.nl/images_upload/151E6

515-C473-459C-85C59441A0F3FB49.pdf. 

 
Figure 2.2.  Main elements of impacts framework.   
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2.2.1 IPCC seven steps 
 

The IPCC seven steps lay out a process for estimating impacts from climate change (Carter et al., 

1994; Parry and Carter, 1998): 

 

1. Define the problem 

2. Select the method 

3. Test the method 

4. Select scenarios 

5. Assess biophysical and socioeconomic impacts 

6. Assess autonomous adjustments 

7. Evaluate adaptation strategies. 

2.2.2 U.S.  Country Studies Program 
 

The U.S. Country Studies Program (USCSP; Benioff and Warren, 1996; Benioff et al., 1996) 

documented a set of methods and models to develop climate change and socioeconomic 

scenarios and to assess potential impacts on coastal resources, agriculture, livestock water 

resources, human health, terrestrial vegetation, wildlife, and fisheries.  The program also gave 

guidance on adaptation.   

 

Documentation and data sets were given typically for one model for each sector.  Information on 

the USCSP can be obtained at http://www.gcrio.org/CSP/webpage.html. 

2.2.3 UNEP Handbook 
 

The UNEP Handbook (Feenstra et al., 1998) reviews methods and models for conducting 

impacts assessments.  It does not provide documentation, but can help users sort through choices 

on methods and models.  Users would have to obtain the methods or models and training on their 

own.  The handbook has chapters on the same topics as the USCSP, but also includes a chapter 

on assessing impacts of climate change on energy use.  It can be downloaded at: 

http://www.falw.vu.nl/images_upload/151E6515-C473-459C-85C59441A0F3FB49.pdf. 

2.3 Adaptation Frameworks 
 

Adaptation frameworks, which were developed in recent years, focus on involving stakeholders 

and addressing adaptation.  These frameworks also put relatively more emphasis on current 

concerns such as vulnerability to climate variability. 

2.3.1 UNDP APF 
 

The UNDP APF (Lim et al., 2005) emphasizes stakeholder involvement and analysis of 

vulnerability to current climate.  Figure 2.3 displays the framework.  The process works from the 

bottom of the figure to the top with stakeholder involvement at each stage.  Note that examining 

current vulnerability precedes considering climate change vulnerability. 

 

The framework contains technical papers on scoping an adaptation project, engaging 

stakeholders, assessing vulnerability, assessing current and future climate risks, assessing 

changing socioeconomic conditions, assessing adaptive capacity, formulating an adaptation 

strategy, and continuing the adaptation process.  The APF can be downloaded at 

http://www.undp.org/cc/whatsnew.htm.   
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2.3.2 NAPA guidance 

 

The National Adaptation Programmes of Action (NAPAs) was started under the UNFCCC  

COP decision 28/CP.7.  Under this program, the 40 least developed countries identify their 

highest priorities options for adaptation.  The NAPA guidance provides a framework for 

preparing NAPAs and discusses the objectives and structure for NAPAs, process, and structure 

(LEG, 2002).   

 
Figure 2.3.  Flow chart of the NAPA process.    

Source: LEG, 2002, p.  31. 
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The Least Developed Countries Expert Group (LEG) prepared guidance on developing NAPAs 

(LEG, 2002).  Development of NAPAs is a fairly rapid process, so is relatively unlikely to 

engage in new quantitative analysis, but can certainly make use of existing studies. 

 

Figure 2.3 presents a flowchart of the NAPA process. 

2.3.3 UKCIP 
 

The UKCIP (United Kingdom Climate Impacts Programme; Willows and Connell, 2003) 

focuses on facilitating addressing adaptation in the United Kingdom.  However, the guidance on 

addressing adaptation, Document on Climate Adaptation: Risk, Uncertainty, and Decision 

Making, can be applicable to other countries.  The UKCIP guidance proposes an eight-step 

process: 

 

1. Identify problem and objectives 

2. Establish decision-making criteria 

3. Assess risk 

4. Identify options 

5. Appraise options 

6. Make decision 

7. Implement decision 

8. Monitor, evaluate, and review. 

 

The guidance can be downloaded from 

http://www.ukcip.org.uk/resources/publications/documents/RUD_master.pdf. 

 

2.4 Local and Vulnerability Frameworks 
 

Two frameworks focus on vulnerability at the local level.  The Vulnerability and Response 

Assessment (VARA) for Climate Change (which 

was developed by the Oak Ridge National 

Laboratory for the U.S.  Agency for International 

Development) is useful for organizing 

information about local vulnerability to climate 

change and response strategies.  It emphasizes a 

qualitative approach, but does allow detailed 

analyses (it does not require them).  It includes a 

variety of prompts and links for analysts wanting 

to get more quantitative, but it is designed also to 

be used in contexts where available data do not 

support that.  To obtain more information on 

VARA, contact Dr.  Tom Wilbanks 

(wilbankstj@ornl.gov; see also 

http://public.ornl.gov/vara/).   

The sustainable livelihoods approach focuses on livelihoods, assets, and vulnerabilities of the 

poor.  It was developed to account for the resources that the poor may have to try to get out of 

poverty as well as the diversity of political, institutional, and cultural conditions at the village 

level.  It is an approach for identifying development needs and for assessing the effectiveness of 

Information on adaptation 

frameworks 

 

Adaptation Policy Framework 

http://www.undp.org/cc/whatsnew.htm. 

 

NAPA guidance 
http://www.undp.org/cc/pdf/NAPAs/LEG

%20annotations_English.pdf. 

 
UKCIP 

http://www.ukcip.org.uk/resources/publica

tions/documents/RUD_master.pdf. 
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existing poverty reduction programs.  The approach has been adopted by the UK Department for 

International Development (DFID; Yamin et al., in press).   

The focus is very much on the current situation, i.e., near-term planning rather than long-term 

planning.  The challenge in using approaches such as this to examine climate change is how to 

reconcile a focus on the short term with long-term climate change. 

More information can be obtained at http://www.livelihoods.org/. 

2.5 Selecting a Framework 

This handbook explicitly does not recommend a particular framework to be used in V&A 

assessments.  The reason is that different frameworks may better suit the needs of the 

assessment.  In some cases, the interest may lie in long-term impacts of climate change, and thus 

the impacts framework might be more appropriate.  In other cases, the concern may be more near 

term and more on vulnerability to climate variability and change rather than climate change 

alone.  In that case, the adaptation framework may be the better choice.  Some of the frameworks 

emphasize stakeholder involvement more than others.  That may also be a factor in selecting 

frameworks. 

It is becoming clear that the old dichotomy of climate scenario-led (impact) or vulnerability-

based (adaptation) frameworks is no longer relevant.  Researchers are beginning to realize that 

integrating climate predictions and adaptation decision-making, against a baseline of 

vulnerability, is what is needed.  This is very important in understanding how climate predictions 

might be useful in different decision contexts now and in the near term (adaptation). 

The challenge for the future is to develop frameworks that can integrate present-day 

vulnerabilities with long-term risks.  Ideally such a framework would address present-day 

vulnerabilities, but also factor in changes in long-term risks from climate change (as well as from 

socioeconomic changes).   

2.6 A Related Program: AIACC  

The Assessment of Impacts and Adaptations to Climate Change (AIACC) is funding more than 

two dozen projects in developing countries around the world.  Its purpose is to improve scientific 

understanding of climate change vulnerabilities and adaptation options in developing countries 

through the funding of collaborative research, training, and technical support.  AIACC did not 

require use of a particular framework and invited proposals.  Interestingly, a number of the 

AIACC projects apply what is essentially an impacts framework (scenario driven) whereas 

others use what are essentially stakeholder driven approaches. 

AIACC is maintaining information on the projects and methods at www.aiaccproject.org. 
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3 Baseline Socioeconomic Scenarios 
 

3.1 Overview 

This chapter summarizes the design, development, and application of baseline socioeconomic 

scenarios for use in V&A assessments.  More details are given in Lim et al.  (2005) and in 

Malone et al. (2004), from which much of this is drawn.  It should be noted from the outset that 

developing and applying baseline scenarios (i.e., scenarios of changes in socioeconomic and 

natural conditions not caused by climate change) can be very complex and time consuming.  The 

point of the exercise is to help understand how future development paths can affect vulnerability 

to climate change.  The exercise of developing baseline scenarios should not be so time and 

resource consuming as to divert the V&A assessment from its main focus: addressing climate 

change. 

In examining vulnerability and adaptation to climate change, it can be tempting to just focus on 

how a change in climate would affect society and nature.  Taking today’s social and natural 

conditions and imposing a future climate change may be a relatively simple way of proceeding to 

identify vulnerabilities and analyze adaptations.  Although we do not dissuade such an analysis, 

it is important that the climate be projected to change over many decades.  During this time, it is 

reasonable to expect that socioeconomic and natural conditions will change, in some cases quite 

dramatically.  As a result of these changes, vulnerability to climate change and effectiveness of 

adaptations could also change. 

For example, increased population growth may place more people and property at risk from 

increased frequency or intensity of extreme climate events.  On the other hand, economic growth 

and development may increase the wealth and the capacity of a community to withstand and 

adjust to future changes, thus reducing the measured impact compared to current circumstances. 

Baseline scenarios approximate some of the key elements of an ever-changing backdrop of 

technology, infrastructure, social conditions, and natural environments, and establish a consistent 

and structured base for comparing the impacts of climate change.   

Analysts are probably well aware that there is tremendous uncertainty about future 

socioeconomic conditions.  Whether and how much such key variables as population, income, 

technology, wealth distribution, laws, and the environment will change can have large 

uncertainties associated with them.  In addition, there can be surprises such as the emergence of 

HIV/AIDS that can substantially affect socioeconomic conditions.  So, analysts are advised not 

to try to develop “predictions” of future socioeconomic conditions.  Rather, analysts are 

encouraged to explore how plausible changes in key socioeconomic variables can affect 

vulnerability.  In other words, the real benefit of using socioeconomic scenarios is to identify 

what socioeconomic variables are most likely to increase or decrease vulnerability to climate 

change.   

Analysts are also encouraged not to devote too much time, energy, and financial resources to this 

exercise.  Preparing baseline scenarios can become very complicated and time consuming.  

Developing these scenarios is not an end in itself.  It is best to remember the ultimate use of 

scenarios and to use relatively simple approaches in developing them.  Educated judgment can 

be fine in an exercise such as this. 
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3.2 Recommended Steps to Developing and Applying 
Baseline Scenarios 

The following four steps are recommended for developing and applying baseline scenarios.  

Note that it is not necessary to conduct all four steps.  Analysts are encouraged to go as far as 

time and resources permit.  Keep in mind that time and money devoted to developing and 

applying baseline scenarios may result in less time and money available to analyze adaptation to 

climate change and adaptation.   

• Step 1: Analyze vulnerability of current socioeconomic and natural conditions to future 

climate change. 

• Step 2: Identify at least one key indicator for each sector being assessed. 

• Step 3: Use or develop a baseline scenario approximately 25 years into the future. 

• Step 4: Use or develop a baseline scenario 50 to 100 years into the future. 

 

3.2.1 Step 1: Analyze vulnerability of current socioeconomic and natural conditions to 
future climate change 

The most straightforward and relatively easy thing to do is to first examine what impact climate 

change would have on today’s conditions.  We recommend this for three reasons: 

 

1) Today’s conditions are known.  The population, where people live, income levels, 

technology levels, economy, and natural conditions are known or can be determined.   

2) It will likely be easier to communicate risks about today’s conditions than risks regarding a 

hypothetical future set of socioeconomic conditions.  It should be easier for people to 

understand how current conditions could be affected by climate change scenarios than first 

imagining how socioeconomic conditions could change and then trying to impose climate 

change on top of those socioeconomic conditions. 

3) Analyzing vulnerability of today’s conditions essentially is a starting point against which 

analysts can compare the effect of socioeconomic changes on vulnerability.  For example, 

one could say if a half meter sea rise happened with today’s socioeconomic conditions, then 

a particular number of people would be at risk.  If the coastal population grows and the same 

sea level rise happens, then an additional number of people would be at risk.  The advantage 

of this is that variables that increase or decrease vulnerability to climate change can be 

identified.  This can be useful in addressing adaptation, i.e., trying to reduce or minimize 

change in variables that increase vulnerability and encourage change in variables that 

decrease vulnerability.   

A word of caution here: we do not expect current socioeconomic conditions to remain 

unchanged over time.  This should be clearly communicated when presenting results. 

3.2.2 Step 2: Identify at least one key indicator for each sector being assessed 

An indicator is a socioeconomic variable, factor, or condition that can determine or be closely 

related to vulnerability to climate change.  Having more or less of the indicator would either 

increase or decrease vulnerability.  Population in coastal zones can be an indicator of 

vulnerability to sea level rise or increased coastal storms.  Box 3.1 gives some examples of 

indicators.  The reason for selecting indicators is to help estimate how vulnerability of a sector 
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can change.  As we will see below, indicators can be a link between socioeconomic scenarios 

and vulnerability in specific sectors. 

 

 

 

 

 

 

 

 

 

 

For any travel itineraries where the participants have indicated their approval/consent and for 

which Michele needs to certifyIdeally indicators should be quantifiable.  Thus their changes 

could be measured and potentially that change could be used to estimate change in vulnerability.  

Of course, not all indicators are quantifiable.  Adger (2003) mentions social capital as a key 

factor affecting society’s vulnerability to climate variability and change.  Quantifying social 

capital may be challenging (e.g., see Yohe and Tol, 2002).   

The challenge in the next two steps is to develop socioeconomic scenarios that will aid in 

estimating how indicators could change in the future. 

 

3.2.3 Step 3: Use or develop a baseline scenario approximately 25 years into the 
future  

The further in the future baseline scenarios are developed, the less credibility they have, because 

the potential for change multiplies the further in the future one looks.  There is no magical point 

in the future at which socioeconomic scenarios become dramatically less credible (or even 

incredible).  Developing them beyond approximately 25 years generally becomes unrealistic.  

We suggest as a first step that a quarter century baseline scenario be developed. 

If such scenarios have been developed (e.g., a national or regional government may have made 

such projections), analysts should consider using them.  The scenarios or projections should be 

evaluated to determine their usefulness.  In particular, do they provide estimates of variables that 

can help in estimating how indicators could change? Using an estimate that has already been 

developed can save much time. 

Otherwise, we suggest the following three-step process:
1
 

1) Obtain United Nations population projections for your country (available at 

http://esa.un.org/unup/).  Use the projections for total population change.  Also use the 

projections of change in workforce population.  This is the population of people between the 

typical age at which workers join the workforce and the typical age at which they retire. 

2) Estimate change in labor productivity.  Increases in labor productivity from the “Mini-Cam” 

model (which is one of the models used in developing SRES scenarios; see below) are given 

                                                 
1.  Dr.  Hugh Pitcher, Pacific Northwest Laboratory, provided very helpful suggestions on this section. 

Box 3.1.  Example indicators. 

Examples for the agricultural sector include degree of food security (i.e., 

percentage of the population with access to sufficient quantities and qualities 

of food for health and nutrition), share of food imported, and production of 

key crops.  In the water sector, examples include the extent of available 

water supplies that are diverted or consumed, share of the population with 

ready access to potable water, and per capita water use (see Malone et al., 

2004, for some explicit examples; this is available at 

http://www.undp.org/cc/WORKBOOK_SES%20(B)/Socio-

economic%20Scenarios_ Master_April%202004.pdf). 
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in Attachment I (Hugh Pitcher, Pacific Northwest Laboratory, personal communication, 

September 21, 2005).  Note that other estimates of changes in labor productivity may exist.  

Analysts are advised to compare actual productivity changes with the 1995-2005 numbers in 

the table.  Results may be calibrated accordingly.  Also note that countries with gross 

domestic product (GDP) higher than the average for their region may have slower growth 

rates and countries with GDP lower than the average could have higher growth rates.  The 

change in labor productivity can be multiplied by the change in the workforce to estimate 

economic growth.  For example, if the workforce is estimated to grow by 1% per year and 

labor productivity is estimated to grow by 2% a year, then economic growth would grow by 

3% per year (1.01 ! 1.02 = 1.03).   

3) Relate these variables to indicators or estimate changes in other variables that can be used to 

estimate changes in indicators.  If indicators can be related to these variables (e.g., an 

increase in income can be related to the percentage of population with access to sufficient 

quantities of food), then changes in indicators can be estimated.  Attachment II to this chapter 

explains how this can be done.  It may be that population or economic growth is insufficient 

to estimate changes in indicators.  Then other socioeconomic variables may need to be 

estimated.  This can be done quantitatively by examining past changes in these variables 

related to population or income or by using expert judgment. 

Note these scenarios could be developed in 5 or 10 year increments to assess relative rates of 

change.   

3.2.4 Step 4: Use or develop a baseline scenario 50 to 100 years into the future 

The final step, which is optional, is to develop baseline scenarios beyond the middle of the 

21st century and even up to approximately the end of the century.  The advantage of doing so is 

that baseline scenarios can be on the same time scale as scenarios typically coming out of 

climate models (which often project out to 2100; see Chapter 4).  The disadvantage is that 

socioeconomic scenarios covering such long periods of time have very low credibility.   

The IPCC developed a Special Report on Emission Scenarios (SRES).  These were developed to 

estimate how different development paths could affect emissions of GHGes over the 21st 

century.  Developing such scenarios required estimating how socioeconomic conditions would 

change.  The SRES scenarios estimate how population, income, productivity, and other factors 

could change over the 21st century.  Attachment III describes the SRES scenarios in more depth. 

Since these scenarios are published by the IPCC, they can be a good source of information that 

can help in developing up to century-long socioeconomic scenarios.  There are two important 

caveats: 

1) The SRES scenarios are at a regional scale.  Estimates are not provided for most countries.  

To develop a socioeconomic estimate for a specific country (or region within the country), 

the analyst will need to either assume that the same regional changes will happen at the 

national or subnational scale or apply some judgment about how change at the national level 

could differ from the regional level. 

2) The SRES scenarios may not represent all possibilities.  All the SRES scenarios assume 

economic growth in all regions, and some assume relatively high levels of growth.  For 

various reasons, some countries or regions may not have continuous economic growth and it 

may be desirable to include a relatively pessimistic scenario. 

Gaffin et al.  (2004) provide an interesting and detailed discussion about downscaling population 
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and GDP data from the SRES scenarios to the country level. 

 

3.3 Data Sources  

Data for indicators are available from a variety of sources, depending on the particular sector 

under consideration.  Many multinational organizations such as the World Heath Organization 

(WHO), the Food and Agriculture Organization (FAO), the UNDP, and the World Bank have 

readily accessible data on many variables that might be appropriate for indicators.  General data 

that may be particularly relevant for one or more indicators include the following: 

• Economy: GDP, important sectors, comparative advantages, technology, infrastructure, 

institutions 

• Demography: population, age structure, education, health 

• Environment: land, water, air, biota, principal and unique resources, quantity and quality.   

Table 3.1 lists selected data sources for indicators, socioeconomic data, and developing baseline 

and socioeconomic scenarios. 

Table 3.1.  Selected data sources for developing baseline and socioeconomic scenarios, 

socioeconomic data, and indicators 

Description Source and availability 

Baseline and socioeconomic scenarios 

Good primary reference on methods and 

approaches.  Excellent general guidance on the 

process.  Good description of indicators and 

characteristics.   

Malone, E.L.  and E.L.  La Rovere.  2004.  Assessing current 

and changing socio-economic conditions.  In Adaptation Policy 

Frameworks for Climate Change: Developing Strategies, 

Policies and Measures, B.  Lim, E.  Spanger-Siegfried, I.  

Burton, E.L. Malone, and S.  Huq (eds.).  Cambridge University 

Press, Cambridge, UK, pp.  147-163. 

http://www.undp.org/gef/undp-

gef_publications/publications/apf%20technical%20paper06.pdf. 

Good primary resource that describes the 

concepts, nature of the process, and some 

clear examples for several indicators.   

Malone, E.L., J.B.  Smith, A.L.  Brenkert, B.H.  Hurd, 

R.H. Moss, and D.  Bouille.  2004.  Developing Socioeconomic 

Scenarios: For Use in Vulnerability and Adaptation 

Assessments.  United Nations Development Programme, New 

York. 

http://www.undp.org/cc/WORKBOOK_SES%20(B)/Socio-

economic%20Scenarios_Master_April%202004.pdf. 
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Table 3.1.  Selected data sources for indicators, socioeconomic data, and developing baseline and 

socioeconomic scenarios (cont.) 

Description Source and availability 

Socioeconomic data 

Primary source for concepts and discussions 

relating to the SRES scenarios. 
Nakicenovic, N.  and R.  Swart.  2000.  Special Report on 

Emissions Scenarios.  Cambridge University Press, Cambridge, 

UK. 

http://www.grida.no/climate/ipcc/emission/023.htm. 

CIESIN is a center within the Earth Institute 

at Columbia University; it specializes in on-

line data and information management, 

spatial data integration and training, and 

interdisciplinary research related to human 

interactions in the environment. 

Center for International Earth Science Information Networks 

(CIESIN).  2000.   

http://www.ciesin.columbia.edu. 

URL for SRES data: 

http://sres.ciesin.columbia.edu/final_data.html. 

Indicator sources 

Source for country-level data on a range of 

possible indicators 

WRI.  2000.  World Resources 2000-2001: People and 

Ecosystems: The Fraying Web of Life.  World Resources 

Institute in collaboration with UNDP, UNEP, and World Bank, 

Washington, DC. 

http://pubs.wri.org/pubs_pdf.cfm?PubID = 3027. 

Attachment I: Projected Increases in Regional Productivity by SRES Scenario 

The data in Table I.1 were provided by Dr.  Hugh Pitcher, Pacific Northwest Laboratory.  

Estimates are from “Mini-Cam,” a model that estimates global GHG emissions.  Mini-Cam is 

one of the models used in development of the SRES scenarios.   

Table I.1 Labor productivity for the four SRES storylines for the 11 regions 

used in the Mini-Cam version of the SRES scenarios 

 

A1 family of 

scenarios A2 B1 B2 

United States     

1990-2005 1.51% 1.51% 1.52% 1.52% 

2005-2020 1.59% 0.75% 1.18% 0.88% 

2020-2035 1.58% 0.72% 1.15% 0.80% 

2035-2050 1.60% 0.75% 1.16% 0.83% 

2050-2065 1.59% 0.75% 1.15% 0.83% 

2065-2080 1.59% 0.77% 1.16% 0.84% 

2080-2095 1.55% 0.76% 1.13% 0.83% 
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Canada 

1990-2005 1.51% 1.51% 1.51% 1.51% 

2005-2020 1.77% 0.86% 1.35% 1.01% 

2020-2035 1.72% 0.74% 1.25% 0.84% 

2035-2050 1.73% 0.79% 1.26% 0.89% 

2050-2065 1.69% 0.79% 1.24% 0.89% 

2065-2080 1.67% 0.81% 1.23% 0.89% 

2080-2095 1.64% 0.80% 1.20% 0.88% 

Western Europe 

1990-2005 1.64% 1.64% 1.65% 1.64% 

2005-2020 1.78% 0.95% 1.45% 1.10% 

2020-2035 1.71% 0.73% 1.23% 0.83% 

2035-2050 1.73% 0.78% 1.24% 0.88% 

2050-2065 1.69% 0.78% 1.22% 0.88% 

2065-2080 1.67% 0.80% 1.22% 0.89% 

2080-2095 1.63% 0.79% 1.19% 0.88% 
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Table I.1 Labor productivity for the four SRES storylines for the 11 regions used in the Mini-

Cam version of the SRES scenarios (cont.) 

 

A1 family of 

scenarios A2 B1 B2 

Japan 

1990-2005 1.79% 1.78% 1.79% 1.79% 

2005-2020 2.13% 1.32% 2.12% 1.63% 

2020-2035 1.46% 0.68% 1.03% 0.73% 

2035-2050 1.50% 0.72% 1.04% 0.78% 

2050-2065 1.50% 0.72% 1.04% 0.78% 

2065-2080 1.51% 0.74% 1.06% 0.79% 

2080-2095 1.51% 0.73% 1.05% 0.79% 

Australia and New Zealand      

1990-2005 1.76% 1.76% 1.76% 1.76% 

2005-2020 1.94% 0.84% 1.38% 0.95% 

2020-2035 1.87% 0.81% 1.39% 0.93% 

2035-2050 1.84% 0.85% 1.36% 0.96% 

2050-2065 1.77% 0.84% 1.32% 0.94% 

2065-2080 1.74% 0.85% 1.30% 0.94% 

2080-2095 1.69% 0.84% 1.26% 0.93% 

Former Soviet Union      

1990-2005 -0.71% -0.71% -0.71% -0.71% 

2005-2020 5.19% 2.59% 4.92% 3.94% 

2020-2035 5.23% 2.26% 4.37% 3.15% 

2035-2050 4.17% 2.04% 3.39% 2.56% 

2050-2065 3.34% 1.84% 2.72% 2.14% 

2065-2080 2.82% 1.71% 2.31% 1.88% 

2080-2095 2.46% 1.58% 2.01% 1.68% 

China and centrally planned Asia     
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1990-2005 7.46% 7.45% 7.46% 7.46% 

2005-2020 6.84% 4.54% 6.61% 5.59% 

2020-2035 6.21% 2.96% 5.62% 4.39% 

2035-2050 5.21% 2.57% 4.39% 3.40% 

2050-2065 4.10% 2.24% 3.38% 2.69% 

2065-2080 3.33% 2.03% 2.76% 2.27% 

2080-2095 2.78% 1.83% 2.31% 1.96% 

 

Table I.1 Labor productivity for the four SRES storylines for the 11 regions used in the Mini-

Cam version of the SRES scenarios (cont.) 

 

A1 family of 

scenarios A2 B1 B2 

Middle East      

1990-2005 0.28% 0.28% 0.28% 0.28% 

2005-2020 2.30% 1.25% 2.35% 1.80% 

2020-2035 4.38% 1.70% 3.60% 2.37% 

2035-2050 3.63% 1.57% 2.86% 2.02% 

2050-2065 2.99% 1.47% 2.40% 1.79% 

2065-2080 2.59% 1.38% 2.09% 1.62% 

2080-2095 2.32% 1.32% 1.88% 1.49% 

Africa      

1990-2005 0.65% 0.65% 0.65% 0.65% 

2005-2020 3.65% 2.59% 3.71% 3.15% 

2020-2035 6.37% 3.71% 6.32% 5.14% 

2035-2050 6.41% 3.28% 5.71% 4.57% 

2050-2065 5.35% 2.77% 4.40% 3.48% 

2065-2080 4.23% 2.41% 3.40% 2.76% 

2080-2095 3.38% 2.12% 2.74% 2.29% 

Latin America      
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1990-2005 1.39% 1.39% 1.39% 1.39% 

2005-2020 3.81% 2.04% 3.76% 2.93% 

2020-2035 4.76% 1.83% 3.88% 2.62% 

2035-2050 3.79% 1.72% 3.07% 2.23% 

2050-2065 3.10% 1.59% 2.53% 1.93% 

2065-2080 2.67% 1.50% 2.20% 1.74% 

2080-2095 2.37% 1.41% 1.96% 1.58% 

South and Southeast Asia       

1990-2005 3.81% 3.81% 3.81% 3.81% 

2005-2020 5.93% 3.50% 5.81% 5.06% 

2020-2035 6.14% 2.93% 5.49% 4.17% 

2035-2050 5.10% 2.55% 4.26% 3.24% 

2050-2065 4.01% 2.23% 3.29% 2.59% 

2065-2080 3.25% 2.00% 2.68% 2.18% 

2080-2095 2.75% 1.81% 2.27% 1.90% 

Note: Percentages are based on use of market exchange rates.  Results should not be used to compare 

wealth across countries or regions. 
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Attachment II: A Brief Example: Steps for Developing the Socioeconomic 

Scenarios for Agriculture  

Annex 1 in Malone et al.  (2004) gives a relatively clear and concise dataset and example 

indicators to illustrate and apply the concepts behind the baseline socioeconomic scenario.  The 

example below, excerpted from Malone et al., is numeric; in practice, however, the most useful 

analyses and assessments will also most likely involve qualitative information and supportive 

judgments.   

Step 1: Use SRES scenarios to develop estimates of population and GDP percentage changes 

from base year (e.g., 1990). 

Step 2: Estimate percentage changes in total food consumption from base year.  This is likely to 

follow population changes, but can be adjusted up or down to reflect anticipated improvements 

or decreases in overall diet and nutrition.   

Step 3: Estimate total cereal needs in thousands of metric tons.  WRI (2000) reports, by country, 

the “average production of cereals” and the “net cereal imports and food aid as a percent of total 

cereal consumption.” Together, these two measures can be used to estimate total cereal needs, 

assuming that, if there are imports, all the country’s production is also consumed internally.  For 

example, the estimates for Developing Country 1 are 847,000 metric tons produced, and 43% of 

consumption met with imports in 1995.  Therefore, the share met by internal production is 57%, 

which, divided into total production, yields 1,486,000 metric tons of cereal needed in 1995.  This 

number is then adjusted by population growth to reflect demand in 2000 and is estimated at 

1,872,000. 

Step 4: Estimate import and food aid shares.  Food imports begin at 43% for Developing 

Country 1, as reported in WRI (2000) for 1995 (available at 

http://pubs.wri.org/pubs_pdf.cfm?PubID = 3027).  One way to proceed is to choose a target 

import share for 2100 that is consistent with the relevant SRES storyline.  These targets were set 

at 25% and 35%.  These particular estimates were arrived at subjectively by the authors, and 

illustrate consistency with the SRES scenarios – not necessarily accuracy or consistency with 

Developing Country 1’s own situation.  Having both endpoints (i.e., estimates for 2000 and 

2100), the intervening years can be estimated by proportional scaling with the estimated changes 

in income (based on the assumption that changes in either agricultural production or imports is 

enabled by GDP growth).  For example, the following equation is used to interpolate import 

shares: 

I2010 = I2000 - (I2000 - I2100) ! [ (GDP2010 - GDP2000)/(GDP2100 - GDP2000) ] 

where I2000, I2010, and I2100 = estimated import/food aid share in 2000, 2010, and 2100, 

respectively, and GDP2000, GDP2010, and GDP2100 = estimated GDP percentage changes from 

1990 for 2000, 2010, and 2100, respectively. 

Step 5.  Estimate in-country production.  This estimate is calculated by subtracting from 1 the 

import share calculated in Step 4.  This gives the share of total cereal needs that is met by in-

country production.  This number is then multiplied by estimated total cereal needs to give the 

estimated level of agricultural production implied by the scenario.   

Step 6.  Estimate crop yields and percentage changes.  Cereal crop yields are estimated based on 

required in-country production and the assumption that planted area is constant.  Cereal crop 

planted area is estimated from data in WRI (2000) in which total cereal production in 

Developing Country 1 in 1996-1998 is 847,000 metric tons, and average cereal crop yields are 

given as 719 kg/ha.  Therefore, estimated planted area in Developing Country 1 in 1996-1998 is 
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1.18 million hectares.  Using this land base and dividing into the estimated production level 

gives the required crop yield.  The percentage change in crop yields is then estimated using 719 

kg/ha in 1995 as the base.  An estimate of annualized yield changes is also helpful.  This 

example, which suggests that yields rise by 491% by 2100, implies an annual rate of change of 

1.6% – consistent with recent technological changes but highly speculative that this rate can 

persist indefinitely.  Table II.1 presents the information and data used in this illustrative example.   

In addition to the use of SRES storylines, analysts could also consider using standard scenario 

approaches such as both “optimistic” and “pessimistic” scenarios.  The intent of such scenarios is 

to identify a range of plausible outcomes.  Certainly, the longer the time frame used in the 

analysis, the greater the uncertainty inherent in the scenario.   
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Table II.1.  Estimated basic food demand for Developing Country 1: SRES A2 scenario 

Developing Country 1 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 

Percentage change in 

population from 1990  26 58 94 133 172 212 248 281 309 329 349 

Estimated percentage 

change in GDP from 1990  47 126 226 421 673 989 1,452 1,978 2,578 3,284 4,073 

Estimated percentage 

change in total food 

consumption from 1990 26 58 94 133 172 212 248 281 309 329 349 

Estimated total cereal 

needs (thousands of 

metric tons) 1,872 2,348 2,883 3,462 4,042 4,636 5,171 5,662 6,078 6,375 6,672 

Estimated import and food 

aid share (%)
a 

43 43 43 42 41 40 38 36 33 30 25 

Estimated in-country 

production (thousands of 

metric tons) 1,067 1,338 1,643 2,008 2,385 2,782 3,206 3,624 4,072 4,463 5,004 

Average cereal crop yields 

(kg/ha)
b
 906 1,136 1,395 1,705 2,025 2,362 2,722 3,076 3,457 3,789 4,248 

Estimated percentage 

increase in crop yields 

from 1995 26 58 94 137 182 229 279 328 381 427 491 

Note: Net cereal imports and food aid as a percentage of total cereal consumption, 1995-1997 (WRI, 2000): 

Developing Country 1: 43%. 

a.  Estimated import and food aid share is based on taking current share and using judgment to estimate the 

target share for 2100 under the given SRES scenario.  In this case, the A2 scenario suggests greater self-

reliance.  Therefore, a goal might be to reduce food imports from 43% to 25% by 2100.  Capacity to reduce 

imports is a function of income; therefore, estimated food import share is scaled by the percentage change 

in projected income.  For example, 2% of the overall increase in income occurs between 2000 and 2010; 

therefore, we estimate that 2% of the total 33% change in import share (i.e., -0.6%) occurs in this decade.  

Caution must be used here to ensure overall consistency – falling import shares must be matched by 

increasing in-country agricultural production, which implies an increase in the intensity of agricultural 

production or in the cultivated land area.   

b.  Cereal crop yields are estimated based on required in-country production and assume that planted area is 

constant.  Cereal crop planted area is estimated from data in WRI (2000) in which total cereal production in 

1996-1998 is 847,000 metric tons, and average cereal crop yields are given as 719 kg/ha.  Therefore, 

estimated planted area in Developing Country 1 in 1996-1998 is 1.18 million hectares.  Production levels, 

however, are also subject to increases by increasing the land base.   
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Attachment III: SRES Scenarios – Storylines 

To provide more consistent projections of GHG emissions – projections that considered the 

complex social, economic, and technological relationships that underlie energy use and resulting 

emissions – the IPCC developed an SRES).  The SRES approach aimed for an underlying 

consistency of these complex relationships.  The result was a set of logical storylines that 

encompass the social and physical relationships driving greenhouse gas (GHG) emissions 

(Nakicenovic and Swart, 2000).   

At the core of the SRES approach are four poles along two major axes: 

• Economic vs. environment 

• Global vs. regional. 

As shown in Figure III.1, combinations of these four poles give rise to four primary storylines:  

• A1 – Economic growth and liberal globalization 

• A2 – Economic growth with greater regional focus 

• B1 – Environmentally sensitive with strong global relationships 

• B2 – Environmentally sensitive with highly regional focus. 

Each storyline describes a global paradigm based 

on prevalent social characteristics, values, and 

attitudes that determine, for example, the extent 

of globalization, economic development patterns, 

and environmental resource quality.  The 

storylines are by their nature highly speculative.  

Nonetheless, they do provide identifiable starting 

points that are defined and consistent with 

available datasets for some projecting some 

variables (most notably population, income, land 

use, and emissions).  They have been used in 

previous and ongoing assessments and provide a 

basis for intercountry comparisons.  Finally, they 

illustrate the degree of creative imagination that 

this scenario building embraces.  It is certainly 

appropriate to expand on these storylines as 

appropriate or desired based on consistent with 

national and regional outlooks and goals and 

plausible futures. 

The A1 and B1 scenarios focus on global 

solutions to economic, social, and environmental sustainability, with A1 focusing on economic 

growth and B1 focusing on environmental sensitivity.  A2 and B2 focus on regional solutions 

with strong emphasis on self-reliance.  They differ in that A2 focuses on strong economic growth 

and B2 focuses on environmental sensitivity.  The IPCC describes their differences as follows: 

“While the A1 and B1 storylines, to different degrees, emphasize successful economic global 

convergence and social and cultural interactions, A2 and B2 focus on a blossoming of diverse 

regional development pathways.”  

The A1 scenario assumes strong economic growth and liberal globalization characterized by low 

population growth, very high GDP growth, high-to-very-high energy use, low-to-medium 

 
Figure III.1.  Conceptual relationships 

underlying the SRES scenarios. 

Source: Nakicenovic and Swart, 2000. 
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changes in land-use, medium-to-high resource availability (of conventional and unconventional 

oil and gas), and rapid technological advancement.  The A1 scenario assumes convergence 

among regions, including a substantial reduction in regional differences in per capita income in 

which the current distinctions between “poor” and “rich” countries eventually dissolve; increased 

capacity building; and increased social and cultural interactions.  A1 emphasizes market-based 

solutions; high savings and investment, especially in education and technology; and international 

mobility of people, ideas, and technology. 

The A2 scenario describes a world with regional economic growth characterized by high 

population growth, medium GDP growth, high energy use, medium-to-high changes in land use, 

low resource availability of conventional and unconventional oil and gas, and slow technological 

advancement.  This scenario assumes a very heterogeneous world that focuses on self-reliance 

and the preservation of local identities, and assumes that per capita economic growth and 

technological change are more fragmented and slower than in other scenarios.   

The B1 scenario describes a convergent world that emphasizes global solutions to economic, 

social, and environmental sustainability.  Focusing on environmental sensitivity and strong 

global relationships, B1 is characterized by low population growth, high GDP growth, low 

energy use, high changes in land use, low resource availability of conventional and 

unconventional oil and gas, and medium technological advancement.  The B1 scenario assumes 

rapid adjustments in the economy to the service and information sectors, decreases in material 

intensity, and the introduction of clean and resource-efficient technologies.  A major theme in 

the B1 scenario is a high level of environmental and social consciousness combined with global 

approach to sustainable development. 

The B2 scenario, like the A2 scenario, focuses on regional solutions to economic, social, and 

environmental sustainability.  The scenario focuses on environmental protection and social 

equality and is characterized by medium population and GDP growth, medium energy use, 

medium changes in land use, medium resource availability, and medium technological 

advancement. 
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The four standard SRES scenarios 

A1 – Economic growth and liberal globalization 

! Utilitarian values, affluence oriented 

! Rapid economic growth (3% globally) 

! Low population growth, long life, small families 

! Rapid introduction and adoption of efficient technologies 

! Intermediate GHG emissions 

! Personal wealth emphasized over environmental quality 

! Reduced differences in regional incomes 

! Cultural differences throughout the world converge 

A2 – Economic growth with greater regional focus 

! Local, community, and family centered values 

! Greater regional emphasis both culturally and economically 

! Less rapid economic growth (1.5% globally) 

! High population growth 

! Low per capita incomes 

! Technology change and adoption depends on resources and culture 

! Highest GHG emissions 

! Focus on agricultural productivity to feed rapidly rising populations 

B1 – Environmentally sensitive with strong global relationships 

! High level of environmental and social concern and value  

! Emphasis on globally sustainable and balanced development with investments in social infrastructure 

and environmental protection 

! Moderate economic growth (2% globally) 

! Low population growth 

! Moderate per capita income, slightly less than A1 

! Services emphasized over material goods, quality over quantity 

! Mitigation technologies rapidly adopted and rapid decline in fossil fuels  

! Low GHG emissions 

B2 – Environmentally sensitive with highly regional focus 

! High level of environmental and social concern and value  

! Emphasis on decentralized decision-making and local self reliance 

! Moderate economic growth (1% globally) 

! Moderate population growth 

! Moderate per capita income, slightly less than A1 

! Less technology development and adoption, declining global investment, and less international 

diffusion  

! Regional differences in energy use and innovation, transition out of fossil fuels is gradual  

! Moderate GHG emissions 
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4 Climate Change Scenarios  

This chapter provides brief guidance on how to develop climate change scenarios and where to 
go for additional information on techniques or for software and data.  Much has been written on 
the use of climate models in developing climate change scenarios, and we do not replicate that 
here.  Instead this chapter provides a roadmap to a number of different sources of information. 

After a brief discussion of what climate change scenarios are and why we create regional climate 
change scenarios, and a review of what is known about regional climate change, this chapter 
answers the following questions: 

• What data are available? 

• Why do we use climate change scenarios? 

• Where can observed climate and climate model output be obtained?  

• Where can tools for downscaling be obtained?  

• Where can tools and studies that allow for regional comparison of model output be 
obtained? 

4.1 What Are Climate Change Scenarios? 

Scenarios are plausible combinations of conditions that can represent possible future situations.  
Scenarios are often used to assess the consequences of possible future conditions, how 
organizations or individuals might respond, or how they could be better prepared for them.  For 
example, businesses might use scenarios of future business conditions to decide whether some 
business strategies or investments make sense now.   

4.2 Why Do We Use Climate Change Scenarios? 

Climate change scenarios are scenarios of plausible changes in climate.  We use them to 
understand what the consequences of climate change can be.  We can also use them to identify 
and evaluate adaptation strategies.   

We create climate change scenarios because predictions of climate change at the regional scale 
have a high degree of uncertainty.  By regional scale, we typically mean the subcontinental scale 
to country level to provincial level.  Although it is likely that temperatures will eventually rise in 
most regions of the world,1 changes at the regional scale in many other key variables such as 
precipitation are uncertain for most regions.  Even where the direction of change is certain or 
likely, there is uncertainty about the magnitude and path of change.  We create scenarios as tools 

to help us understand how regional climates may change so as to understand how sensitive 

systems may be affected by climate change. 

                                                 

1.  Other anthropogenic activities such as land use changes and emission of air pollutants can have significant 
effects on local and regional climate change relative to the influence of increased GHG concentrations. 
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Climate change scenarios should meet the following criteria: 

1) Consistent with anthropogenic influences on climate 

2) Internally consistent; changes in related variables need to make physical sense (Mearns et al., 
2001). 

The best way to ensure these conditions are met is to confer with experts on climate change to 
check that scenarios are consistent with estimated changes in global climate and with regional 
climatologists to check if regional changes are consistent with what is known about regional 
climatology. 

If the regional climate change scenarios are to be used in a V&A assessment, they must provide 
information on the climate variables needed by V&A assessors at a spatial and temporal scale 
needed for analysis.  This may require daily or even subdaily data at spatial levels as fine as a 
farm field. 

It is critical to keep in mind that regional climate change scenarios are not a prediction of future 
climate change, but rather a tool to communicate what could happen as a result of human-
induced climate change and to facilitate understanding of how different systems could be 
affected by climate change. 

Figure 4.1 is an example of how to use climate models to create regional climate change 
scenarios for use in a vulnerability and adaptation assessment.  The process should begin with 
identifying needs.  This concerns what questions are being asked.  Typically, these questions are 
defined by stakeholders.  The next step is to identify which climate variables are needed.  This 
should include climate variables whose change will affect the systems being studied.   
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4.3 Regional Climate Change 

Table 4.1 very briefly summarizes what is known about changes in regional climate as a result of 
increased atmospheric greenhouse concentrations.   

The IPCC provided an assessment of the state of knowledge on climate change, its impacts, and 
mitigation of GHG emissions.  Its reports, including one on the science of climate change, can be 
accessed at http://www.grida.no/climate/ipcc_tar/. 

Table 4.1.  State of knowledge on regional climate change 

Climate variable Change Degree of confidence 

Mean global sea level rise
a
 Mean sea level rise will accelerate; IPCC 

projects 0.1 to 0.9 meters by 2100. 
Virtually certain

 

 

Figure 4.1.  Steps to develop climate change scenarios. 
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Climate variable Change Degree of confidence 

Temperature rise Increase IPCC projects global mean 
temperature to increase by 1.4°C to 5.8°C 

by 2100.  Regional changes will vary.  High 
latitude and inland areas will likely have 
more warming than global average. 

Likely 

Precipitation change Direction generally uncertain.  Very high 
latitude areas and equatorial regions could 
see an increase.  Mediterranean region may 
have a decrease.  Change in other areas is 
generally uncertain, but more information 
can be obtained by careful examination of 
model output. 

Relatively low (the degree of 
confidence in projections of 
regional precipitation change is 
relatively low). 

Intensity of peak 
precipitation 

Increase on average.  This does not mean 
that all precipitation events become more 
intense. 

Very likely in many areas 

Drought Increase in most midcontinental areas 
during summer.   

Likely  

Flooding intensity Increase in many areas. Likely  

Tropical cyclone wind and 
peak precipitation rate 

Increase in some areas. Likely  

a.  Sea level observed at the regional level will be increased by local uplift or decreased by local subsidence. 

Sources: Houghton et al., 2001; Stratus Consulting, 2004. 

 

4.4 Observed Climate Data 

In creating climate scenarios, one of the first things to do is identify the relevant climate 
variables that are important for the system, place, or sector to be examined.  Whether analysts 
can develop scenarios for the variables may depend on whether data for these variables exist in 
the observed record or whether they can be obtained from climate models.  Observed climate 
data for a country are probably available through a country’s meteorological service.   

Meteorological global data sets are also available.  For example, the IPCC Data Distribution 
Centre (http://ipcc-ddc.cru.uea.ac.uk/obs/index.html) contains gridded observed data in a number 
of formats, including: 

• Mean climatologies for 1961-1990 on a global (all land area) 0.5 ! 0.5° gridded data set  

• Ten year mean climate data at 0.5 ! 0.5° resolution from 1901 through 1990 

• Thirty year mean data at 0.5 ! 0.5° resolution for 1901-1930, 1931-1960, and 1961-1990 
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• Data visualizations at 0.5 ! 0.5° resolution for 10 year and 30 year mean data. 

In addition, observed climate data have been compiled at: 

• International Research Institute for Climate Prediction (IRI) 
(http://iridl.ldeo.columbia.edu/docfind/databrief/cat-atmos.html) 

• U.S.  National Climate Data Center’s Global Daily Climatology Network 
(http://iridl.ldeo.columbia.edu/SOURCES/.NOAA/.NCDC/.GDCN/). 

4.5 Types of Climate Change Scenarios 

There are several types of climate change scenarios.  They range from scenarios that are devised 
arbitrarily based on expert judgment (arbitrary climate change scenarios) to scenarios based on 
past climate (analogue climate change scenarios) to scenarios based on climate model output.   

4.5.1 Arbitrary climate change scenarios 

Arbitrary climate change scenarios are changes in key variables selected to test the sensitivity of 
a system to changes in climate.  These are often uniform annual changes in variables such as 
temperature and precipitation.  An example is combinations of 1°, 2°, and 4° increases in 
temperature combined with no change and increases and decreases of 10% and 20% in 
precipitation.  Different changes can be assumed for different seasons. 

These scenarios are most useful for testing the sensitivity of systems to changes in individual 
variables and combined changes.  Analysts should be careful to keep arbitrary changes consistent 
with what is possible under climate change and avoid implausible combinations of variables.  
This should be done by consulting with climatologists and examining estimates of regional 
changes in climate from climate models (see below). 

4.5.2 Analogue climate change scenarios 

Analogue or past climates can be created from the instrumental climate records or from 
paleoclimate reconstructions. 

The instrumental record will often be a complete multidecadal record of often daily or subdaily 
weather observations.  The advantage of these data is that they will be recorded at each 
observation station and thus could provide better information on regional distribution of climate 
than many climate models.  In addition, the data may be recorded on a daily or subdaily basis 
and thus can provide information on observed daily and even diurnal climate variability.  These 
data will also reflect historical extreme events and variability.  They are likely to contain 
temperatures that will be cooler on average, however, than future climate conditions.  In many 
regions such as Africa, the number of observation stations is limited and, in many cases, the 
record is incomplete. 

Paleoclimate reconstructions can go hundreds or even thousands of years back in time.  They are 
called reconstructions because they are based on proxy data such as tree rings, boreholes, and ice 
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cores.  Their advantage is that, by covering a longer period of time than the instrumental record, 
they may include more variance of mean climate conditions (that is periods with more warmth, 
cooling, wet, or dry conditions than in the instrumental record).  Their disadvantages include 
inaccuracies in the estimation of past climates, low temporal resolution (e.g., they may estimate 
seasonal or annual climates), and incomplete coverage. 

4.5.3 Climate model based scenarios  

Climate models are mathematical representations of the climate.  Although there are many 
uncertainties with models such as climate models, they do enable us to simulate how global and 
regional climates may changes as result of anthropogenic influences on the climate.   

Models of both global and regional climate exist.  Global climate models range from simple, 
one-dimensional models such as MAGICC, which is briefly described below, to more complex 
models such as general circulation models (GCMs).  GCMs model the atmosphere, ocean, and 
interactions with land surfaces.  They model change on a regional scale, typically estimating 
change in grid boxes that are approximately several hundred kilometers wide.  GCMs provide 
only an average change in climate for each grid box, even though real climates can vary quite 
considerably within several hundred kilometers.   

Older GCM runs, roughly up to the early 1990s, tended to simulate current conditions and static 
conditions in the future, typically for CO2 doubling.  Since then, more sophisticated GCMs have 
been developed that allow us to simulate changes in climate over time.  Such simulations are 
referred to as “transient” runs.  These newer models are “coupled” models; that is, they simulate 
the atmosphere and oceans as well as their interactions.  These are called atmosphere-ocean 
general circulation models (AOGCMs).   

Some GCM output can be obtained from the IPCC Data Distribution Centre (http://ipcc-
ddc.cru.uea.ac.uk/obs/index.html) and from SCENGEN (see below). 

4.6 Downscaling from GCMs  

Climate change scenarios often require higher resolution (smaller grid boxes) than GCMs can 
provide.  To develop higher resolution outputs, results from GCMs are “downscaled,” that is, 
transformed into results at a smaller scale than GCM grid boxes.  There are three basic options 
for downscaling: 

• GCM output combined with historical observations 

• Statistical downscaling 

• Regional climate models. 

4.6.1 GCM output combined with historical observations 

This approach, which has been used in a number of studies, involves combining average monthly 
changes from GCMs (typically averaged 30 years of simulated data) with a historical data base.  
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The observed record is changed by the change in GCM output from current (e.g., late 
20th century conditions) to the CO2 doubling or to a particular time in the transient run.  
Typically, observed temperatures are increased by the absolute increase in temperatures in the 
GCM run and observed precipitation is changed by the percentage change in the GCM run. 

The advantage of this approach is that it is relatively easy to apply and can provide a scenario at 
the spatial and temporal scales of the historical climate data base.  The disadvantage is that it 
assumes a uniform change within each grid box and uniform change within months.  Using 
average GCM output does not account for possible changes in interannual variability. 

Many studies have used output from individual grid boxes, but some question the reliability of 
such data.  Hewitson (2003) suggests averaging GCM output in the grid box with the eight 
adjoining grid boxes to smooth out changes from grid box to grid box.  Cubic splines can also be 
used to smooth out grid scale variation.   

4.6.2 Statistical downscaling 

Statistical downscaling develops high resolution changes in climate based on larger scale output 
from GCMs.  Relative to modeling, it is a simpler method for developing high resolution data.  It 
may particularly useful for simulating change in regions where features such as small islands and 
mountainous areas are not captured by GCMs.   

Statistical downscaling is based on the presumption that the relationship between the large-scale 
variables (predictors) and the small-scale variables (predictands) remains the same under climate 
change as under present climate.  This may not always be the case. 

The IPCC developed guidance on the use of statistical downscaling.  It can be obtained at 
http://ipcc-ddc.cru.uea.ac.uk/guidelines/StatDown_Guide.pdf. 

The Statistical DownScaling Model (SDSM) has been applied globally using the Hadley model 
(HadCM3) and is available at http://www.cics.uvic.ca/scenarios/index.cgi?Scenarios. 

4.6.3 Regional climate models 

Regional climate models (RCMs) are much higher resolution models that focus on a region, 
typically at a continental or subcontinental scale.  Their grid boxes are 50 km or less across.  
They are therefore able to capture many regional features that GCMs cannot.  However, RCMs 
must be run with boundary conditions from GCMs (e.g., changes in pressure patterns, sea surface 
temperatures), so there are typically RCM runs for only a few GCMs.  Some applications are for 
limited periods of time, e.g., a simulated decade.  The advantage of RCMs is that they can 
provide better spatial representation of climate change than GCMs, but they cannot correct for 
errors in boundary conditions.   

The IPCC developed guidance on the use of RCMs.  It can be obtained at http://ipcc-
ddc.cru.uea.ac.uk/guidelines/dgm_no1_v1_10-2003.pdf. 
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4.6.4 Brief review of options 

Table 4.2 provides a brief summary of the advantages and disadvantages of options for creating 
climate change scenarios. 

4.7 Selecting Climate Change Scenarios 

It is helpful to understand what is known and not known about possible changes in climate for 
the region of interest.  One way to do this is to look across a number of GCMs to see what they 
project about regional climate.  Although this may not completely bound uncertainty about 
regional climate change, it can be a useful indicator of how broad the uncertainty may be. 

 

Table 4.2.  Advantages and disadvantages of climate change scenario options 

Options Suboptions Advantages Disadvantages 

Arbitrary 
scenarios 

 Easy to create and apply 

Can represent broad range of 
potential changes in climate 

Combinations may be physically 
implausible 

Could represent very unlikely changes in 
regional climate  

Analogue 
scenarios 

Instrumental 
record 

High spatial and temporal resolution 

Captures climate variability 

Recent record captures only a limited 
increase in GHG concentrations 

 Paleoclimate 
reconstructions 

Can reflect a wider range of climate 
conditions than instrumental record 

Forcing conditions not the same as 
anthropogenic increases in GHG 
concentrations 

Climate 
models 

GCMs Simulate global response to 
increased GHG concentrations 

Internally consistent 

Low spatial resolution 

Models have different starting conditions 
and parameterizations, which makes 
comparison of results challenging 

 RCMs Substantially higher spatial 
resolution 

Will not correct for mistakes of GCM 

Limited applications, i.e., run with few 
GCMs 

Often run for limited time periods 

 Statistical 
downscaling 

Relatively easy way to obtain high 
spatial and temporal resolution 
output based on GCMs 

Will not capture change in relationship 
between GCM variables and climate at 
the local scale 

 

There are several tools and information sources for examining GCM estimates of regional 
change.  They all rely on pattern scaling to standardize the output of GCMs.  Pattern scaling 
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employs regional changes in temperature and precipitation from a particular GCM relative to 
global mean temperature increases from the same GCM.  These patterns can be compared across 
GCMs to assess intermodel differences as an indication of uncertainty.  The patterns can also be 
adjusted by changes in global mean temperature to adjust regional change to different levels of 
global climate change. 

The tools include the following: 

• MAGICC/SCENGEN (Wigley and Raper, 2002) uses a one-dimensional model of 
climate (MAGICC), and allows a user to select emission scenarios, climate 
sensitivity, time scale, and other factors.  MAGICC estimates change in global mean 
temperature and sea level rise – the same model was used in the IPCC TAR for this 
purpose.  The SCENGEN component uses the global-mean temperature output from 
MAGICC to scale up the results from 17 transient GCMs to give regional output on 
temperature and precipitation on a 5 ! 5° grid.  MAGICC/SCENGEN also allows a 

user to compare average change in temperature or precipitation simulated by the 
GCMs relative to intermodel variability (that is, differences in projections of regional 
temperature and precipitation changes by different models).  This is an indication of 
whether or not the models are in agreement on the direction of change.  
MAGICC/SCENGEN also allows users to examine change in interannual variability 
for individual GCMs.   

! The model can be obtained at http://www.cgd.ucar.edu/cas/wigley/magicc/. 

• COSMIC (Williams et al., 1998) also uses a one-dimensional climate model to 
estimate changes in global mean temperature and sea level rise.  It uses pattern 
scaling to adjust output from 14 GCM 
runs.  These models tend to be older than 
the ones in MAGICC/SCENGEN.  
COSMIC has downscaled the model 
output (using cubic splines) to 0.5 ! 0.5° 

grids and then aggregated up to the 
country level using population and area 
weights.  The user selects emission 
scenarios, climate sensitivity, the GCM to 
be used, and whether population or area 
weights are used.  Year by year results for 
temperature and precipitation are given at 
the national level.   

! COSMIC can be obtained (at no 

cost) by registering with Dr.  Larry Williams of the Electric Power 

Research Institute (LJWILLIA@epri.com). 

• The Finnish Environment Institute published a report entitled “Climate Change in 
World Regions” (Ruosteenoja et al., 2003) that compares GCM output on 
temperature and precipitation for subcontinental regions around the world.  The report 
can easily be consulted for level of agreement and range of estimates for changes in 

Other sources of information 

The following are good sources of information 
on climate change scenarios: 

IPCC TGCIA Guidelines for the Use of 
Scenario Data for Climate Impact and 
Adaptation Assessment.  Available at 
http://ipcc-
ddc.cru.uea.ac.uk/guidelines/guidance.pdf.   

IPCC Data Distribution Centre Technical 
Guidelines and Other Supporting Material.  
Available at http://ipcc-
ddc.cru.uea.ac.uk/guidelines/index.html. 
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temperature and precipitation at the subcontinental scale.  The report also uses two 
GCMs to estimate natural variability in temperature and precipitation so analysts can 
assess whether changes in climate are beyond natural variability. 

! The report can be obtained at 

http://www.environment.fi/default.asp?contentid = 103483&lan = EN. 

4.8 Sea Level Rise Scenarios 

Sea level rise scenarios are generally easier to develop than climate change scenarios because 
unlike climate change, only one variable, sea level, is involved.  Furthermore, there is high 
confidence that sea level will rise. 

Chapter 5 recommends using incremental scenarios of 0.5 and 1.0 meters of sea level rise above 
1990 levels by 2100 to capture global (what is sometimes referred to as “eustatic”) sea level rise.  
This is essentially the average global increase in sea level resulting from increased GHG 
concentrations.   

It is important to note that regional rates of sea level rise can vary.  This is the result of 
regionally differing rates of thermal expansion of the oceans as well as regional differences in 
atmospheric circulation, which can affect relative sea levels.  In addition, many coastal areas are 
either subsiding or being uplifted.  One tool to address this is the SIMCLIM Sea Level Generator 
developed at the International Global Change Institute (IGCI) at the University of Waikato in 
Hamilton, New Zealand.  This software enables users to generate future scenarios of sea level 
change that take into account the different factors that can affect sea level rise at the local scale.  
The tool can be obtained for US$150 at http://www.climsystems.com/site/products/?id = 1.  Note 
that guidance on relative sea level rise scenarios will be provided in the future by the IPCC Task 
Group on Scenarios for Climate and Impact Assessment (TGCIA) (see 
http://www.ipcc.ch/activity/act.htm) via the IPCC Data Distribution Centre (DDC) web pages 
(see http://ipcc-ddc.cru.uea.ac.uk/). 

4.9 Further Reading 

For more detailed discussions on developing climate change scenarios, analysts are encouraged 
to read the following documents: 

Houghton, J.T., Y.  Ding, D.J.  Griggs, M.  Noguer, P.J.  van der Linden, D.  Xiaosu, and 
K. Maskell (eds.).  2001.  Climate Change 2001: The Scientific Basis.  Cambridge University 
Press, New York.   

IPCC-TGCIA.  1999.  Guidelines for the Use of Scenario Data for Climate Impact and 

Adaptation Assessment.  Version 1.  Prepared by T.R.  Carter, M.  Hulme, and M.  Lal for 
Intergovernmental Panel on Climate Change, Task Group on Scenarios for Climate Impact 
Assessment.  Available http://ipcc-ddc.cru.uea.ac.uk/guidelines/guidance.pdf. 

Mearns, L.O., M.  Hulme, T.R.  Carter, R.  Leemans, M.  Lal, and P.  Whetton.  2001.  Climate 
scenario development.  In Climate Change 2001: The Scientific Basis, J.T.  Houghton, Y.  Ding, 
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D.J.  Griggs, M.  Noguer, P.J.  van der Linden, D.  Xiaosu, and K.  Maskell (eds.).  Cambridge 
University Press, New York.  Available http://www.grida.no/climate/ipcc_tar/wg1/pdf/TAR-
13.PDF. 

Smith, J.B.  and M.  Hulme.  1998.  Climate change scenarios.  In Handbook on Methods for 

Climate Change Impact Assessment and Adaptation Strategies, J.  Feenstra, I.  Burton, J.B.  
Smith, and R.  Tol (eds.).  Institute for Environmental Studies, Free University, Amsterdam.  
Available http://www.vu.nl/english/o_o/instituten/IVM/pdf/handbook_climat.pdf 
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5. Coastal Resources 

5.1 Overview  

Sea level rise as a result of climate change will have a number of different physical and ecological 

effects on coastal systems: inundation, flood and storm damage, loss of wetlands, erosion, saltwater 

intrusion, and rising water tables.  Other effects of climate change, such as higher sea water 

temperatures, changes in precipitation patterns, and changes in storm tracks, frequency, and 

intensity, will also affect coastal systems, both directly and through interactions with sea level rise.  

Rising surface water temperatures, for example, are likely to cause increased coral bleaching and the 

migration of coastal species toward higher latitudes.  Changes in precipitation and storm patterns 

will alter the risks of flooding and storm damage.  Tables 5.1 and 5.2 summarize some of the 

biogeophysical effects of climate change and sea level rise, and their interactions. 

These biogeophysical effects in turn will have direct and indirect socioeconomic impacts on 

tourism, human settlements, agriculture, freshwater supply and quality, fisheries, financial services, 

and human health in the coastal zone (McLean et al., 2001; Nicholls, 2002).  The resident 

population of the coastal zone (present or projected levels) could be affected by increased flooding 

or, ultimately, the need to move because of frequent flooding, inundation, or land loss from erosion.  

There would also be changes in marketed goods and services such as land, infrastructure, and 

agricultural and industrial productivity.   

Assessments of the vulnerability of coastal resources to the impacts of climate change should 

distinguish between natural system vulnerability and socioeconomic system vulnerability, even 

though they are clearly related and interdependent.  Both are dependent on sensitivity, exposure, and 

adaptive capacity (see Smit et al., 2001).  A proper analysis of socioeconomic vulnerability to sea 

level rise, however, requires a prior understanding of how the natural system will be affected.  

Hence, analysis of coastal vulnerability starts with the natural system response.  In addition, other 

climatic and nonclimatic stresses should be acknowledged in a vulnerability analysis, because sea 

level rise is not happening in a vacuum and coastal systems will evolve because of factors other than 

sea level rise.   

Global sea level is controlled by climate, movements on the Earth’s surface, and rotation of the 

Earth and the effect on gravity (Figure 5.1).  Global mean sea level rise is likely to accelerate 

significantly in the coming decades because of anthropogenic global warming, and human-induced 

global climate change and associated sea level rise can have major adverse consequences for coastal 

ecosystems and societies.  The IPCC (Houghton et al., 2001) projected an increase in globally 

averaged surface temperature of 1.4 to 5.8°C from 1990 to 2100.  The chapter on changes in sea 

level of the IPCC TAR (Church et al., 2001) used these projections and estimated that global mean 

sea level will rise by 9 to 88 cm in the same period, with a central value of 48 cm, which is 2.2 to 

4.4 times the observed rate over the 20th century.  Even with drastic reductions in GHG emissions, 

sea level will continue to rise for centuries beyond 2100 because of the long thermal response time 

of the global ocean system – this is generally termed “the commitment to sea level rise.”  
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Table 5.1.  Some climate change and related factors relevant to coasts and 

their biogeophysical effects 

Climate factor Direction of change Biogeophysical effects 

Sea water 

temperature (of 

surface waters) 

Increase Increased coral bleaching; migration of coastal 

species toward higher latitudes; decreased incidence 

of sea ice at higher latitudes 

Precipitation 

intensity/runoff 

Intensified hydrological cycle, 

with wide regional variations 

Changed fluvial sediment supply; changed flood risk 

in coastal lowlands; but also consider catchment 

management 

Wave climate Poorly known, but significant 

temporal and spatial variability 

expected 

Changed patterns of erosion and accretion; changed 

storm impacts 

Storm track, 

frequency, and 

intensity  

Poorly known, but significant 

temporal and spatial variability 

expected 

Changed occurrence of storm flooding and storm 

damage 

Atmospheric CO2 Increase Increased productivity in coastal ecosystems; 

decreased CaCO3 saturation impacts on coral reefs 

Source: Nicholls, 2002. 

 

Table 5.2.  The main biophysical effects of relative sea level rise, including 

relevant interacting factors 

Other relevant factors 

Biogeophysical effect Climate Nonclimate 

Surge Wave and storm climate, 

morphological changes, 

sediment supply 

Sediment supply, flood management, 

morphological changes, land claim 

Inundation, 

flood, and 

storm damage 

Backwater effect 

(river) 

Runoff Catchment management and land use 

Wetland loss (and change) CO2 fertilization 

Sediment supply 

Sediment supply, migration space, 

direct destruction 

Erosion Sediment supply, wave and 

storm climate 

Sediment supply 

Surface waters Runoff Catchment management and land use Saltwater 

intrusion Groundwater Rainfall Land use, aquifer use 

Rising water tables/impeded 

drainage 

Rainfall Land use, aquifer use 

Note: Some factors (e.g., sediment supply) appear twice because they may be influenced by both climate 

and nonclimate factors. 

Source: Adapted from Nicholls, 2002. 
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5.1.1 Effects of sea level rise 

Relative sea level rise has a wide range of effects on coastal processes.  In addition to raising the 

ocean level, rising sea level also raises all the coastal processes that operate around mean sea level 

(tides, waves, etc.).  The immediate effects of a rise in sea level therefore include inundation and 

increased frequency and depth of flooding of coastal land.  Longer-term effects include 

morphological change, particularly beach erosion and saltmarsh decline, as the coast adjusts to the 

new environmental conditions.  For the amount of relative sea level rise expected during the 21st 

century (! 1 m), these changes are mainly effective through changes in two drivers: 

• Changes in waves, tides, and surges 

• Changes in coastal morphology. 

A rise in relative sea level allows waves to break closer to the shore and hence increases the load 

and stresses on coastal defense structures.  Increasing water depths can also affect the progress of 

tides and surges.  Most directly it will raise all the associated water levels, including extreme surge 

heights.  Therefore even if the track, frequency, and intensity of storms remain constant, relative sea 

level rise could reduce the return period of extreme water levels.  The IPCC concluded that the 

intensity of tropical cyclones could increase: if this does occur, it would make the combined power 

of sea level rise and cyclones even potentially more destructive than today’s cyclones. 

In the tidal reaches of rivers, relative sea level rise will raise the base level for river floods.  Under 

climate change, there could also be increased river flow, and these two interacting factors would 

reinforce an increase in flood risk. 

 

 

Relative Sea Level Rise 

Figure 5.1.  Climate, the movements within the earth and the gravitational effects of the 

rotation of the Earth control global sea level, but combine with local changes to produce a 

change in sea level relative to the local land level.   
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Figure 5.2. Vulnerable regions assuming a 45 cm sea level rise by 2080. 

Source: Nicholls et al., 1999. 

The six most important biophysical effects from a societal perspective are: 

• Increased flood-frequency probabilities 

• Erosion 

• Inundation 

• Rising water tables 

• Saltwater intrusion 

• Biological effects. 

The potential socioeconomic effects of sea level rise are: 

• Direct loss of economic, ecological, cultural, and subsistence values through loss of 

land, infrastructure, and coastal habitats 

• Increased flood risk to people, land, and infrastructure and the values stated above 

• Other effects related to changes in water management, salinity, and biological activity, 

such as loss of tourism, loss of coastal habitats, and effects on agriculture and 

aquaculture. 

Figure 5.2 displays the regional implications of sea level rise, illustrating the regions most affected 

by flood impacts given the HadCM2 (mean) scenario for the 2080s (Nicholls et al., 1999).  Globally 

about 200 million people lived in the coastal floodplain (below the 1 in 1,000 year surge-flood 

elevation) in 1990, equivalent to about 4% of the world’s population.  It is estimated that on average 

10 million people a year experience flooding.  Even without sea level rise this number will increase 

significantly because of increasing coastal populations.   

The most vulnerable regions in relative terms are the island regions of the Caribbean and the small 

islands of the Indian Ocean and Pacific Ocean.  The absolute increases are largest in southern Asia, 

southeast Asia, and the coast of Africa.   

The figure shows that for a mid-level estimate of sea level rise (45 cm) by the 2080s on the coast of 

Africa, up to 10 million people per region (West Africa, East Africa, and the southern 
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Mediterranean) will be at risk from flooding each year.  The worst case predicted is for southern 

Asia, where more than 50 million people could be at risk from flooding each year by the 2080s.   

5.1.2 Sea level scenarios 

Global scenarios are derived directly from the IPCC TAR (Houghton et al., 2001) and therefore 

include both scientific and emission uncertainties.  For each SRES scenario (see Chapter 3) there is 

a substantial range of uncertainty, which primarily reflects uncertainties in the climate sensitivity, 

hence scenarios show significant overlap.  For impact assessments, these global-mean scenarios 

need to be downscaled to local (or relative) sea level rise scenarios.  In the absence of relevant 

information on land uplift/subsidence, or other regional sea-level rise components, the global-mean 

sea level rise scenarios can be applied directly.  Given the uncertainty about future sea level rise, a 

range of scenarios should be considered, e.g., 0.5 m and 1.0 m rise by 2100, because this should 

embrace the likely change. 

5.1.3 Co-evolving coastline 

In coastal areas, the natural and socioeconomic systems are closely coupled and are arguably co-

evolving, which means that they are constraining each other’s evolution.  This should be considered 

when considering the possible impacts of sea level rise and associated responses.   

5.1.4 Adaptation 

Given the commitment to sea level rise, the need for adaptation in coastal areas will continue for 

centuries, and this “commitment to coastal adaptation” needs to be built into long-term coastal 

management policy.  Natural systems have a capacity to respond autonomously to external pressures 

such as climate change, and this can be described as the natural ability of the system (here the coast) 

to respond.  A healthy, unobstructed wetland would respond by depositing more sediment and 

growing vertically, keeping pace with sea level rise, and this would be an example of autonomous 

adaptation.  In many places, however, human activities have reduced the natural system’s ability to 

adapt, perhaps by development or pollution in the coastal zone.  Planned adaptation to sea level rise 

should therefore include consideration of options to reverse these trends of “maladaptation” so as to 

increase the natural resilience of the coast and increase the capacity for autonomous adaptation. 

Socioeconomic systems in coastal zones also have the capacity to respond autonomously to climate 

change.  Farmers may switch to more salt-tolerant crops, and people may move out of areas 

increasingly susceptible to flooding.  This is likely to become more important as sea level rise 

increases.   

Because impacts are likely to be great, even taking into account autonomous adaptation, there is a 

further need for planned adaptation.  Examples of initiatives that embrace planned adaptation for 

climate change are the adoption of strengthened and improved physical planning and development 

control regulations, and include those related to ICZM (Integrated Coastal Zone Management) and 

Shoreline Management Planning (see Box 5.1).  This could also include implementation of the 

environmental impact assessment process and disaster management for coastal hazards.   
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1) Planned and therefore proactive adaptation is aimed at reducing a system’s vulnerability by 

either minimizing risk or maximizing adaptive capacity.  Five generic objectives of proactive 

adaptation relevant to coastal zones can be identified: 

2) Increasing robustness of infrastructural designs and long-term investments.  Infrastructure would 

be designed to withstand more intense and frequent extreme events. 

3) Increasing flexibility of vulnerable managed systems.  Systems would be designed and operated 

to cope with a wide variety of climate conditions.  Flexibility can include improving a system’s 

resilience, i.e., its capacity to recover from extreme events. 

4) Enhancing adaptability of vulnerable natural systems.  Natural systems can be made more 

adaptable by reducing stresses they currently face, such as degradation of habitat and enabling 

them to adapt through such means as removing barriers to migration (e.g., removing hard coastal 

structures that can block inland migration of wetlands). 

5) Reversing maladaptive trends.  Many current trends increase vulnerability to climate change.  

For example, subsidizing development in flood plains can increase the number of people and 

amount of property in low-lying coastal areas vulnerable to sea level rise and increased coastal 

storms. 

6) Improving societal awareness, preparedness, and warnings.  Education about risks from climate 

change and how to reduce or respond to them can help reduce vulnerability. 

For coastal zones, another classification of three basic adaptation strategies is often used (e.g., IPCC, 

1992): 

• Protect – to reduce the risk of an event by decreasing the probability of its occurrence 

• Accommodate – to increase society’s ability to cope with the effects of the event 

• Retreat – to reduce the risk of the event by limiting its potential effects. 

Each of these strategies is designed to protect human use of the coastal zone, and, if applied 

appropriately, each has different consequences for coastal ecosystems.  Retreat involves giving up 

land by strategic retreat from or prevention of future major developments in coastal areas that may 

be affected by future sea level rise.  Accommodate involves altered use of the land, including 

Box 5.1.  Shoreline management planning for adaptation. 

The most recent shoreline management guidelines used in England and Wales are applied at a national 

level (Defra, 2004) and can be adapted for use elsewhere.  They are a set of proactive strategies for 

shoreline management that will be implemented within shoreline management plans (Defra, 2004).  The 

coast is divided into a number of coastal cells and subcells, and further divided into management units, 

reflecting land use.  For each management unit, strategic responses are selected such as protect (termed 

“hold the line”) for developed areas or allow natural processes to occur (termed “do nothing”) where 

human impacts might be minor.  Although these approaches have not been applied in developing 

countries, strategic shoreline management plans are expected to be developed widely in the coming few 

decades. 
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adaptive responses such as elevating buildings above flood levels and modifications of drainage 

systems.  Retreat and accommodation help to maintain the dynamic nature of the coastline and allow 

coastal ecosystems to migrate inland unhindered, and therefore to adapt naturally.  In contrast, 

protection will lead to coastal squeeze and loss of habitats, although this can be minimized using 

soft approaches to defense, such as beach nourishment.  This strategy involves defending areas of 

the coast, either by building or maintaining defensive structures or by artificially maintaining 

beaches and dunes.  It is generally used to protect settlements and productive agricultural land, but 

often involves the loss of the natural functions of the coast.  Accommodate and retreat are best 

implemented proactively, whereas protect can be either reactive or proactive.   

Adaptation options to saltwater intrusion in groundwater are not explicitly covered by the three 

generic options of retreat, accommodation, and protection.  There are, however, a number of 

options: 

• Reclaiming land in front of the coast to allow new freshwater lenses to develop 

• Extracting saline groundwater to reduce inflow and seepage 

• Infiltrating fresh surface water 

• Inundating low-lying areas 

• Widening existing dune areas where natural groundwater recharge occurs 

• Creating physical barriers.   

5.2 Methods to Assess Effects of Sea Level Rise 

Uncertainties in sea level rise predictions create a need to assess a range of scenarios within 

vulnerability assessment.  These scenarios need to embrace the range of likely change.   

The details of any vulnerability assessment will depend on its goal, the level of understanding, and 

the resources available.  Hence, three levels of increasingly sophisticated assessment are suggested: 

screening, vulnerability, and planning assessments.  It is important to emphasize that the different 

levels of assessment require different types of data and levels of effort.  Table 5.3 describes the three 

levels of assessment. 

The aim of both screening assessments and vulnerability assessments is to focus attention on critical 

issues concerning the coastal zone rather than to supply precise predictions.  Planning assessments 

of different responses to sea level rise within ICZM are part of the continuous management process, 

which ideally aims to integrate responses to all existing and potential problems of coastal zone, 

including minimizing vulnerability to long-term effects of climate change.   



Coastal Resources  

Chapter 5, Page 8 of 8 

 

Table 5.3.  Levels of assessment for sea level rise 

Level of assessment 

Timescale 

required Precision 

Prior 

knowledge 

Other scenarios considered  

(in addition to sea level rise) 

Screening assessment 2-3 months Lowest Low None 

Vulnerability assessment 1-2 years Medium Medium Likely socioeconomic scenarios and 

other climate change where possible 

Planning assessment Ongoing Highest High All realistic changes 

Sources: Hoozemans and Pennekamp, 1993; WCC’93, 1994. 

5.2.1 Screening assessment 

A screening assessment can initially be qualitative, and should be followed up by semiquantitative 

assessment.  Analysis is of the four major impacts of sea level rise on the coast: inundation, erosion, 

flooding, and salinization.  Impacts on the socioeconomics of the area can be assessed using the 

matrix shown in Table 5.4, and it should be possible to factor in any major contemporary problems 

such as beach mining and development on the coast such as harbors. 

Table 5.4.  Screening assessment impact matrix 

Socioeconomic impacts 

Biophysical 

impacts  Tourism 

Human 

settlements Agriculture 

Water 

supply Fisheries 

Financial 

services 

Human 

health Others? 

Inundation         

Erosion         

Flooding         

Salinization         

Others?         

 

5.2.2 Vulnerability assessment 

Vulnerability assessment allows the analyst to carry out a more in-depth assessment of one 

particular area.  The ultimate goal of vulnerability assessment is to produce recommendations on 

actions to reduce vulnerability and includes the assessment of both anticipated impacts and available 

adaptation options (as defined here, this is leading toward planning analysis).  A simple impact 

assessment might not consider adaptation options to facilitate rapid analysis, but any comprehensive 

impact assessment must consider adaptation options, because adaptation potential will influence the 

magnitude of the actual impacts. 
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First, it distinguishes between the natural system vulnerability and the socioeconomic system 

vulnerability to climate change, even though they are clearly related and interdependent.  Second, 

analysis of socioeconomic vulnerability to sea level rise requires a prior understanding of how the 

natural system will be affected.  Hence, analysis of coastal vulnerability always starts with the 

natural system response.  Last, other climatic and nonclimatic stresses are acknowledged, indicating 

that sea level rise is not happening in a vacuum and that the coastal system will evolve owing to 

factors other than sea level rise. 

Both the natural system and the socioeconomic system are dynamic and adapt to change.  

Autonomous adaptation represents the spontaneous adaptive response to sea level rise (for example, 

increased vertical accretion of coastal wetlands within the natural system or market price 

adjustments within the socioeconomic system).  Planned adaptation, which can emerge only from 

the socioeconomic system, can reduce vulnerability by a range of measures.   

In general, a number of assessment tools are available for each step/question produced by any 

assessment framework, although a framework may recommend a specific tool or approach.  

Table 5.5 summarizes the advantages and disadvantages of five different methods of vulnerability 

assessment for coastal areas (see also UNFCCC Secretariat, 2004): 

 

• The IPCC Common Methodology 

• The U.S.  Country Studies Methodology 

• The UNEP Handbook Methodology 

• The South Pacific Islands Methodology 

• The RIKS Decision Support Methodology. 

Of these approaches, the UNEP Handbook Methodology is a broadly applicable vulnerability and 

adaptation assessment that can be adapted to the stakeholder-driven approach.  It gives quantitative 

outcomes but is flexible, and analysis can be conducted at the appropriate level of sophistication for 

the models and data available.  Relevant experience from other approaches can be used within the 

UNEP Handbook Methodology, if appropriate.  (Possibilities include the qualitative techniques 

developed within the South Pacific Islands Methodology, and the workbook approach used in the 

U.S.  Country Studies Program.)  
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Table 5.5.  An assessment of the different methods for vulnerability assessment 

Method Advantages Disadvantages 

Common Methodology 

(IPCC, 1992) 

Logical prescribed structure. 

Lends itself to producing consistent 

results – useful for global aggregation. 

Widely used. 

Inflexible, stressing exposure and 

sensitivity assessment, but not full 

vulnerability assessment. 

VA tools not discussed. 

Adaptation options insufficiently 

developed. 

U.S.  Country Studies 

Methodology 

(Leatherman and Yohe, 

1996) 

Some VA tools described. 

Workbook approach. 

Confuses VA framework and tools. 

Addresses only land loss impacts. 

Stresses exposure and sensitivity 

assessment, but not full vulnerability 

assessment. 

UNEP Handbook 

Methodology 

(Klein and Nicholls, 

1998, 1999) 

Good conceptual basis. 

All impacts considered. 

Guidance on possible assessment tools 

provided. 

Remains to be widely tested. 

South Pacific Islands 

Methodology 

(Yamada et al., 1995) 

Useful in areas with limited data. 

Conceptualizes vulnerability into 

measurable elements. 

Results are qualitative to 

semiquantitative. 

RIKS Decision Support 

Methodology 

(Engelen et al., 1993, 

1996; White et al., 2000; 

de Kok et al., 2001) 

Complete coastal system considered,  

and interactions can be specified as 

desired. 

The approach can be become black-

box. 

The availability of appropriate data. 

Assumes a high technical capacity. 

Assessment methods by impact type 

Methods for assessing erosion, increased flooding, and coastal wetland loss are considered in turn. 

Erosion 

A simple assessment of erosion involves the use of the Bruun Rule for straight areas of coastline.  

The assumption is that the profile conserves its average or equilibrium shape relative to sea level.  

Using appropriate boundary conditions, the profile shape defines all the information necessary to 

predict the response to sea level rise.  To maintain the profile shape, the upper part of the profile 

erodes and the lower part of the profile accretes, translating the shoreline landward.   

 R = G (L/H) S (1) 

where: 

 H = B + h* , (2) 
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R represents the shoreline recession due to a sea level rise S, H is the active profile height, h* is the 

depth at the offshore boundary, which is termed the depth of closure, B is the appropriate land 

elevation, L is the active profile width between boundaries, and G represents the grain size of eroded 

material, i.e., material that is too fine for the beach is lost, increasing the predicted erosion. 

The inverse of the beach slope (L/H) multiplies any sea level rise, giving a large recession for a 

small rise in sea level.  Therefore flatter beaches are predicted to show greater sensitivity to sea level 

rise than steeper beaches.   

Sea level does not change the shape of the profile, it only creates a potential for erosion that the 

availability of wave energy realizes.  Therefore profile adjustment to higher sea levels is expected to 

take time.  The major implication of this is that the Bruun Rule is best applied over long time scales 

(decades or more).  Any predictions of shoreline recession need careful interpretation. 

The Bruun Rule (or direct erosion effect) was developed for coastlines some distance from inlets 

and, given sea level rise, inlets can act as an additional sink for sediment.  This indirect effect of sea 

level rise can make the processes described by the Bruun Rule negligible.  The role of these sinks in 

the regional sediment budget and the relative sensitivity of the coast should be considered at all 

levels of assessment.  The high susceptibility of shorelines near inlets should be noted and its 

importance should be communicated to policymakers.   

For VA, an equilibrium response of the entire lagoon can be considered a worst-case scenario.  The 

sink term is the area of the inlet and associated lagoons multiplied by the sea level rise scenario, and 

the source of this sand is additional erosion along the coast (termed the indirect erosion effect).  The 

longshore extent of influence is more difficult to determine.  Values of about 10-20 km can be used 

as a sensible estimate. 

Flooding 

A range of parameters can be used to describe exposure and the risk of flooding.  One approach is to 

consider the coastal population, which is used as an input to derive two impact parameters: 

1) People in the hazard zone: the number of people living below the 1,000 year storm surge 

elevation (i.e., the exposed population ignoring sea defenses). 

2) Average annual people flooded: the average number of people who experience flooding by 

storm surge per year, including the benefits of sea defenses (also referred to as “people at risk”). 

Exposure of physical assessments can be considered in a similar manner. 

An outline of the flood methodology is as follows: estimates of the storm surge elevations are raised 

over time by the relative sea level rise scenario (i.e., global rise plus estimated subsidence) and 

converted to the corresponding land areas threatened by these different probability floods.  These 

areas are then converted to people in the hazard zone using the average population density for the 

coastal area.  Last, the standard of protection offered by defenses (i.e., the estimated level of flood 

risk) is used to calculate the average annual people flooded. 
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Coastal wetland loss 

Coastal wetlands are sensitive to sea level rise because their location is intimately linked to sea 

level.  Wetlands are not passive elements of the landscape, however, and their vertical response 

shows a dynamic and nonlinear response to sea level rise.  Therefore losses will occur only above 

some threshold rate of rise.  The available evidence shows that wetlands experiencing a small tidal 

range are more vulnerable to relative sea level rise than those experiencing a large tidal range.  

Direct losses of coastal wetland from sea level rise can be offset by inland wetland migration 

(dryland conversion to wetland).  As sea level rises, so low-lying areas adjacent to wetlands may 

become suitable for growth of wetland plants.  In areas without low-lying coastal areas, or in areas 

that are protected to stop coastal flooding, wetland migration cannot occur, causing what is termed 

“coastal squeeze.”  

Vertical accretion is based on the rate of relative sea level rise.  Sea level rise triggers coastal 

wetland loss when the rate of sea level rise exceeds a defined threshold, taking into account any 

system lags.   

Vertical response is predicted by a lagged threshold model.  The availability of sediment/biomass is 

parameterized using critical values of the RSLR* parameter, which is defined as:  

 RSLR* = RSLR/TR , (3) 

where RSLR is the rate of relative sea level rise (meters/century) and TR is the mean tidal range on 

spring tides in meters.  A critical value of RSLR* (RSLR*crit) distinguishes the onset of loss due to 

sea level rise.  Above RSLR*crit, wetland loss is modeled linearly as a function of RSLR*.  Based 

on available literature, RSLR*crit is assumed to range from 0.18 to 0.5.  This simple model captures 

the nonlinear response of wetland systems to sea level rise and the association of increasing tidal 

range with lower losses.   

To model horizontal response, migratory potential can be assessed based on elevation maps and 

related data, and taking account of flood defenses and other human infrastructure that are barriers to 

such migration.  This might use a GIS approach.  In areas where wetland migration is possible, 

compensating creation of coastal wetlands can be estimated.   

In addition to the direct effects of sea level rise on coastal wetlands, an appropriate baseline for loss 

because of other causes should be considered.  Globally, 1% per year is the present rate of wetland 

loss.  In detailed coastal studies, present and likely future losses should be estimated to set the 

impacts of sea level rise into context: these other losses often greatly exceed the possible impacts of 

sea level rise. 

5.2.3 Planning assessment 

For an area where a more in-depth assessment is required, the next step after the vulnerability 

assessment is a planning assessment.  The aim is to integrate all possible responses to sea level rise 

in the coastal zone to minimize future vulnerability and often to aid in formulating future policy.  A 

planning assessment is an ongoing investigation of a specific area, and assessing the future impacts 

of sea level rise on the coastal zone requires information on the major processes in the sediment 

budget of the area concerned.  It must also consider other climate change impacts such as changing 

storm frequency, intensity, and direction.   
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The goal of a planning assessment must be specific to the area, focusing on the issues that are 

pertinent to that area.  An example is an integrated flood and erosion assessment being carried out 

on the UK coast (Evans et al., 2004a, 2004b).  It is considering future socioeconomic scenarios of 

population, development, and legislation as well as sea level rise and climate change scenarios, 

beach evolution modeling, and varying coastal protection options.  The aim is to quantify the future 

impacts of projected cliff recession on longshore sediment supply and therefore beach volume and 

flood risk in low-lying areas of the coastal zone.  This level of assessment is data and time intensive 

and often ongoing; however, the results, while site-specific, should be appropriate to influence 

future policy as well as to feed into more local management plans.   

5.2.4 Coastal zone integrated assessment models 

The aim of the EU-funded project DINAS-COAST (Dynamic and Interactive Assessment of 

National, Regional and Global Vulnerability of Coastal Zones to Climate Change and Sea-Level 

Rise) has been to develop a dynamic, interactive and flexible CD-ROM-based tool that enables its 

users to produce quantitative information on a range of coastal vulnerability indicators, for user-

selected climatic and socioeconomic scenarios and adaptation policies, on national, regional and 

global scales, covering all coastal nations.  This tool is called DIVA, which stands for Dynamic and 

Interactive Vulnerability Assessment (Vafeidis et al., 2004; McFadden et al., 2005).   

The DIVA methodology uses a database of features, both physical and socioeconomic, based on 

segments of the coastline within integrated modules to assess adaptation options under future 

climate change scenarios.  The modules are flooding, relative sea level rise, erosion, wetland 

change, wetland evaluation, and river effects.  The model is based on scenarios of sea level rise that 

are based on climate models; the modules are run to calculate the effects of sea level rise on coastal 

systems, including direct coastal erosion, erosion within tidal basins, changes in wetlands, and 

effects in rivers.  This is followed by an assessment of socioeconomic impacts, either directly 

because of sea level rise or indirectly via the above effects.  The last module is the adaptation 

module, which implements adaptation measures based on preset or user-defined decision rules.  

These adaptation measures then influence the calculations of the geodynamic effects and 

socioeconomic impacts of the next time step.  The calculations are repeated over several time steps 

up to timescales of up to 100 years.  The user is able to choose options of climate change scenarios 

and adaptation strategies.  Generalized example outputs of the model are numbers of people flooded, 

wetlands lost, adaptation costs (including those related to flood protection and beach protection), 

and the amount of land lost under the specified relative sea level rise scenario.   

More information about the project and DIVA can be found at http://www.dinas-coast.net/. 

5.3 Data 

Some of the data required for assessment of the effects of climate change on coastal resources can 

be obtained via the Internet (see Box 5.2).   
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Box 5.2.  Data sources. 

IPCC Data Distribution Centre 

Sea level data 

GLOSS – Global Sea-Level Observing System http://www.gosic.org/goos/GLOSS_data_access.htm 

Permanent Service for Mean Sea Level http://www.nbi.ac.uk/psmsl/index.html. 

Remotely Sensed topography data 

Land Processes Distributed Active Archive Centre (National Aeronautics and Space Administration) 

http://edcdaac.usgs.gov/main.asp/ 

GTOPO30 global digital elevation model http://edcdaac.usgs.gov/gtopo30/gtopo30.asp 

Shuttle Radar Topography Mission http://www2.jpl.nasa.gov/srtm/. 

Other useful websites 

National Oceanographic Data Centre http://www.nodc.noaa.gov/ 

SURVAS (Synthesis and Upscaling of Sea Level Rise Vulnerability Assessment Studies) 

http://www.survas.mdx.ac.uk/content.htm. 

DIVA http://www.dinas-coast.net/ 

Additional requirements of more in-depth assessment include local observational data, such as:  

Sea level measurements 

Elevation/topography  

Wave recording 

Aerial photography (can be used for habitat and elevation mapping) 

Land cover/habitat mapping e.g., CASI 

Flood plain mapping and flood event recording 

Population 

Activity and resource mapping. 
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7. Agriculture 

7.1 Overview 

7.1.1 Context of National Communications 

Sustainable development includes social, economic, and environmental dimensions.  Climate change 

modifies all these dimensions and therefore alters the potential development pathways.  In 

particular, the effects of climate change on agriculture will determine the future of food security and 

ultimately influence the inequitable North/South divide.   

According to the IPCC TAR (McCarthy et al., 2001), climate change is already happening and will 

continue to happen even if global GHG emissions are curtailed.  Many studies document the 

implications of climate change for agriculture and pose a reasonable concern that climate change is a 

threat to poverty and sustainable development, especially in developing countries  

(nonAnnex I countries).  Identifying which regions and populations are at greatest risk from climate 

change (i.e., are most vulnerable) can help in setting priorities for adaptation.  This chapter focuses 

on the methods for making these assessments, providing examples of application in developing 

countries and an overview of previous knowledge.  The merits of each approach vary according to 

the level of impact being studied, and they may frequently be mutually supportive.  For example, 

simple agroclimatic indices often provide the necessary information on how crops respond to 

varying rainfall and temperature in wide geographical areas; crop-specific models are used to test 

alternative management that can in turn be used as a component for an economic model that 

analyzes regional vulnerability or national adaptation strategies.  Therefore, a mix of approaches is 

often the most productive. 

7.1.2 Effects of current climate variability 

Climate is an essential component of the natural capital.  In many regions of the world, such as 

Africa, Southern and Central America, and South and Southeast Asia, climates are extremely 

variable from year to year, and recurrent drought and flood problems often affect entire countries 

over multiyear periods.  These often result in serious social problems.  For example, the persistent 

drying trend in parts of Africa over the last decades has affected food production, including 

freshwater fisheries, industrial and domestic water supplies, and hydropower generation (Benson 

and Clay, 1998, 2000). 

Agriculture is strongly dependent on water resources and climatic conditions, particularly in the 

regions of the world that are particularly sensitive to climatic hazards, such as Africa, South and 

Central America, and Asia.  Some countries in these regions, where economical and social situations 

are often unstable, are extremely vulnerable to changes in environmental factors.  It is especially the 

case in countries where technological buffering to droughts and floods is less advanced, and where 

the main physical factors affecting production (soils, terrain, climate) are less suited to farming.  

Crop production is consequently extremely sensitive to large year-to-year weather fluctuations.  

Crop diseases or pest infestations are also weather dependent and tend to cause more damage in 

countries with lower technological levels.   
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7.1.3 Drivers of agricultural response to climate change 

Estimating future agricultural responses to climate change is usually based on scenarios.  It is crucial 

to understand that there is large uncertainty in the climate scenarios used for the analyses.  The 

scenarios are essential for evaluating possible futures but they do not necessarily represent 

conditions that will actually occur.  Nevertheless, conditions similar to the scenarios are possible, 

and as such they should be used to explore possible adaptive measures. 

Agriculture is a complex sector involving different driving parameters (environmental, economic, 

and social).  It is now well recognized that crop production is very sensitive to climate change 

(McCarthy et al., 2001), with different effects according to region.  The IPCC analysis of climate 

change impacts (TAR) estimates a general reduction of potential crop yields and a decrease in water 

availability for agriculture and population in many parts of the developing world (see Table 7.1). 

The main drivers of agricultural responses to climate change are biophysical effects (see Table 7.2) 

and socioeconomic factors (see Table 7.3).  Crop production is affected biophysically by changing 

meteorological variables, including rising temperatures, changing precipitation regimes, and 

increasing levels of atmospheric carbon dioxide.  Biophysical effects of climate change on 

agricultural production depend on the region and the agricultural system, and the effects vary 

through time.   

Socioeconomic factors influence responses to changes in crop productivity, with price changes and 

shifts in comparative advantage.  The final response depends on the adaptation strategies in each 

region and agricultural system.  The combination of biophysical and socioeconomic effects can 

result in:  

• Changes in the mix of crops grown, and hence in the type of farming and rural land use 

• Changes in production, farm income, and rural employment 

• Changes in rural income, contribution to national GDP, and agricultural export 

earnings. 

Table 7.1.  Climate change and related factors relevant to agricultural production 

and food security 

Climate factor Direction of change 

Consequences and factors that interact with 

agricultural production and food security 

Sea level rise Increase Sea level intrusion in coastal (agricultural) areas and 

salinization of water supply. 

Precipitation 

intensity/runoff 

Intensified hydrological cycle, so 

generally increases, but with 

regional variations 

Changed patterns of erosion and accretion; changed 

storm impacts; changed occurrence of storm flooding 

and storm damage, water logging, increase in pests. 

Heat stress Increases in heat waves Damage to grain formation, increase in some pests. 

   

Climate factor Direction of change 

Consequences and factors that interact with 

agricultural production and food security 
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Drought  Poorly known, but significant 

increased temporal and spatial 

variability expected 

Crop failure, yield decrease; competition for water. 

Atmospheric CO2 Increase Increased crop productivity but also increased weed 

productivity and therefore competition with crops. 

Climate factor Direction of change 

Consequences and factors that interact with 

agricultural production and food security 

Source: Data and information from Parry et al.  (1998a, 2004), McCarthy et al.  (2001). 

 

Table 7.2.  Characterization of agronomic impacts, adaptive capacity, and sector outcomes 

Biophysical 

impact 

Uncertainty 

level 

Expected intensity 

of negative effects 

Adaptive 

capacity 

Socioeconomic and other  

secondary impacts 

Changes in crop 

growth conditions 

Medium High for some 

crops and regions 

Moderate 

to high  

Changes in optimal farming systems; 

relocation of farm processing industry; 

increased economic risk; loss of rural 

income; pollution by nutrient leaching; 

biodiversity. 

Changes in 

optimal conditions 

for livestock 

production 

High Medium High for 

intensive 

production 

systems 

Changes in optimal farming systems; 

loss of rural income. 

Changes in 

precipitation and 

the availability of 

water resources 

Medium 

to low 

High for 

developing  

countries 

Moderate Increased demand for irrigation; 

decreased yield of crops; increased risk 

of soil salinization; increased water 

shortage; loss of rural income. 

Changes in 

agricultural pests 

High to 

very high 

Medium Moderate 

to high 

Pollution by increased use of pesticides; 

decreased yield and quality of crops; 

increased economic risk; loss of rural 

income. 

Changes in soil 

fertility and 

erosion 

Medium High for  

developing 

countries 

Moderate Pollution by nutrient leaching; 

biodiversity; decreased yield of crops; 

land abandonment; increased risk of 

desertification; loss of rural income. 
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Table 7.3.  Characterization of aggregated farming system impacts, adaptive capacity, and sector outcomes 

Socioeconomic 

impact 

Uncertainty 

level 

Expected intensity 

of negative effects 

Autonomous 

adaptation (private 

coping capacity) Other impacts 

Changes in 

optimal farming 

systems 

High High for areas where 

current optimal 

farming systems are 

extensive 

Moderate Changes in crop and livestock 

production activities; relocation of 

farm processing industry; loss of 

rural income; pollution by nutrient 

leaching; biodiversity. 

Relocation of 

farm processing 

industry 

High High for some food 

industries requiring 

large infrastructure 

or local labor 

Moderate Loss of rural income; loss of 

cultural heritage. 

Increased 

(economic) risk 

Medium High for crops 

cultivated near their 

climatic limits 

Low Loss of rural income. 

Socioeconomic 

impact 

Uncertainty 

level 

Expected intensity 

of negative effects 

Autonomous 

adaptation (private 

coping capacity) Other impacts 

Loss of rural 

income and 

cultural heritage 

High (Not characterized) Moderate Land abandonment; increased risk 

of desertification; welfare decrease 

in rural societies; migration to 

urban areas; biodiversity. 

7.1.4 Previous studies 

Several hundred studies on climate changes on agriculture have been completed.  They provide a 

first indication of the impact types to expect, and thus the most effective analysis methods to 

implement.  Potential impacts on world food supply have been estimated for several climate change 

and socioeconomic scenarios (Figure 7.1).  Some regions may improve their agricultural production 

whereas others will suffer from yield losses, and so a reorganization of the agricultural production 

areas may be required.  In a particular region, crops are expected to be differently affected, leading 

to the need for adaptations in supporting industries and markets, farm-level strategies, and rural 

development schemes.   

Although Figure 7.1 shows that global production appears stable (Parry et al., 2004 provide 

additional quantitative data), regional differences in crop production are likely to grow stronger 

through time, leading to a significant polarization of effects with substantial increases in prices and 

risk of hunger amongst the poorer nations.  The most serious effects are at the margins (vulnerable 

regions and groups).  Individuals particularly vulnerable to environmental change are those with 

relatively high exposures to changes, high sensitivities to changes, low coping and adaptive 

capacities, and low resilience and recovery potential.  Adaptation is necessary, but adaptation has 

limits (technology and biotechnology, political and cultural).
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7.2 Methods and Tools 

7.2.1 General considerations 

The methods for assessing climate impacts in crop production and evaluation of adaptation 

strategies are extensively developed and used widely by scientists, extension services, commercial 

farmers, and resource managers.  A major challenge facing all agriculture-climate evaluations is the 

analysis of important biophysical and socioeconomic impacts, because these must be derived from 

complex interactions among biophysical and socioeconomic systems that are difficult to model.  The 

tools presented in this chapter are adequate to be used with modified mean climate conditions.  To 

evaluate changes in the frequency and intensity of extreme events such as drought or floods, it is 

important to include a combination of empirical yield responses based on statistical data and 

modeling approaches.  In all cases, the challenge for interpreting the results is derived from the use 

of uncertain climate change scenarios.   

 

Figure 7.1.  Percentage change in average crop yields for the HadCM2 climate 

change scenario. 

Source: Parry et al., 2004. 
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A number of different approaches to the assessment of the impacts of climate change on agriculture 

have been developed from many studies conducted to date.  Approaches used to assess biophysical 

impacts include: 

• Agroclimatic indices and GIS 

• Statistical models and yield functions 

• Process-based models. 

In addition, different tools can be used to examine the socioeconomic impacts of climate change.  A 

relatively simple economic forecasting tool such as that developed by the U.S.  Country Studies 

Program (Benioff et al., 1996) is often useful.  More complex approaches such as economic 

regression models, microeconomic and macroeconomic models, farm models, and household and 

village models can also be used.   

Each of these different methods yields information on different types of impacts (see Table 7.4).  

For example, simple agroclimatic indices can be used to analyze large-area shifts of cropping zones, 

whereas process-based crop growth models should be used to analyze changes in crop yields.  

Effects on income, livelihoods, and employment are assessed using economic and social forms of 

analysis.   

In addition, studies can be undertaken using a regional approach or a site-specific approach.  In a 

regional approach, several existing simple tools can be applied and tested under a range of 

conditions in a given region, and the results are visualized in the form of maps.  This simple regional 

approach is essential for integrating climate change, crop production, water demand indices, and 

socioeconomic indices at the regional scale, thus providing a first-order evaluating tool to analyze 

possible adaptation strategies.   

 

Table 7.4.  Summary of the characteristics of the main agricultural models 

Type of model Description and use Strengths Weaknesses 

Agroclimatic 

indices and GIS  

Based on combinations of 

climate factors important for 

crops. 

Used in many agricultural 

planning studies.   

Useful for general audiences. 

Simple calculation. 

Effective for comparing 

across regions or crops. 

Climate based only, lack 

management responses or 

consideration of carbon 

fertilization.   

Statistical 

models and 

yield functions 

Based on the empirical 

relationship between 

observed climate and crop 

responses. 

Used in yield prediction for 

famine early warning and 

commodity markets. 

Present-day crop and 

climatic variations are well 

described. 

Do not explain causal 

mechanisms.   

May not capture future 

climate crop relationships or 

CO2 fertilization. 
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Type of model Description and use Strengths Weaknesses 

Process-based 

crop models 

Calculate crop responses to 

factors that affect growth and 

yield (i.e., climate, soils, and 

management).   

Used by many agricultural 

scientists for research and 

development. 

Process based, widely 

calibrated, and validated. 

Useful for testing a broad 

range of adaptations. 

Test mitigation and 

adaptation strategies 

simultaneously.   

Available for most major 

crops. 

Require detailed weather and 

management data for best 

results. 

Economic tools Calculate land values, 

commodity prices, and 

economic outcomes for 

farmers and consumers based 

on crop production data. 

Useful for incorporating 

financial considerations and 

market-based adaptations. 

Not all social systems, 

households, and individuals 

appropriately represented. 

Climate-induced alterations in 

availability of land and water 

not always taken into account. 

Focus on profit and utility-

maximizing behavior. 

Models are complex and 

require much data. 

Household and 

village models 

Description of coping 

strategies for current 

conditions by household and 

village as the unit of 

response. 

Useful in semicommercial 

economies. 

Not generalizable; do not 

capture future climate 

stresses, if different from 

current. 

A site-specific approach involves local studies that analyze the sensitivity of crop yield, farm 

management, and water use to climate at the local scale and the implications for policy decisions 

that affect water management.  Crop models typically focus on optimizing timing of production and 

efficiency of nutrient use (primarily nitrogen) and irrigation water.   

Since economic sectors vary greatly among different countries and physical environments, different 

methods of impact assessment will be appropriate.  It is likely that a mix of approaches will lead to 

the most robust set of results for a given area.   

7.2.2 Limitations and sources of uncertainty  

Climate change scenarios.  Climate change scenarios are derived from GCMs driven by changes in 

the atmospheric composition that in turn is derived from socioeconomic scenarios (SRES, see 

below).  A main challenge is to interpret the results derived from climate scenarios that are used as 

inputs.  In all regions, uncertainties with respect to the magnitude of the expected changes result in 

uncertainties of the agricultural evaluations.  For example, in some regions projections of rainfall, a 

key variable for crop production, may be positive or negative depending on the climate scenario 

used.  The uncertainty derived from the climate model is related to the limitation of current models 
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to represent all atmospheric processes and interactions of the climate system.  The limitation of 

projecting socioeconomic development pathways is an additional source of uncertainty.   

Climate variability.  Regional climates naturally fluctuate about the long-term mean.  For example, 

rainfall variability occurs with regard to timing and quantity, affecting agriculture each year.  It is 

clear that changes have occurred in the past and will continue to occur, and climate change modifies 

these variability patterns, for example, resulting in more droughts and floods.  Nevertheless, there 

are many uncertainties, especially about rainfall scenarios for the future.   

Agricultural models.  The agricultural models contain many simple, empirically derived 

relationships that do not completely represent actual plant processes.  When models are adequately 

tested against observed data (calibration and validation process), the results represent agricultural 

output under current climate conditions.  Nevertheless, the simplifications of the crop models are a 

source of uncertainty of the results.  For example, agricultural models in general assume that weeds, 

diseases, and insect pests are controlled; that there are no problem soil conditions such as high 

salinity or acidity; and that there are no catastrophic weather events such as heavy storms.  The 

agricultural models simulate the current range of agricultural technologies available around the 

world; they do not include potential improvements in such technology, but can be used to test the 

effects of some potential improvements, such as improved varieties and irrigation schedules.  A 

range of agricultural models are used widely by scientists, technical extension services, commercial 

farmers, and resource managers to evaluate agricultural alternatives in a given location under 

different conditions (i.e., drought years, changes in policy for application of agrochemicals, changes 

in water input, among others). 

Effects of CO2 on crops.  CO2 is a component of plant photosynthesis and therefore influences 

biomass production.  It also regulates the opening of plant stomata and therefore affects plant 

transpiration.  As result, in theory, plants growing in increased CO2 conditions will produce more 

biomass and will consume less water.  Experiments in greenhouses confirm such plant behavior; 

nevertheless because of the multiple interactions of physiological processes, actual changes are 

smaller than the theoretical ones.  In field conditions, the changes are even smaller.  Most of the 

crop models used for climate change evaluations include an option to simulate the effects of CO2 

increase on crop yield and water use (see Rosenzweig and Iglesias, 1998).  It is difficult to validate 

the crop model results because there are only a very limited number of these experiments 

worldwide, raising uncertainty of the simulated results.   

Issues of scale.  Scaling up the vulnerability and adaptation results to a regional level is, as in most 

scaling exercises, not an easy task.  Ideally one might use information from farms that are 

representative of agriculture in the region, and the degree of their representativeness would need to 

be established.  More frequently, regional assessments have relied on the input provided by regional 

planners and economists as to regional-scale effects, based on local data supplied to them and 

discussed by a full range of stakeholders.   

Socioeconomic projections.  The limitations for projecting socioeconomic changes affect not only 

the SRES scenarios but also the potential adaptive capacity of the system.  For example, uncertainty 

about the population (density, distribution, migration), GDP, and technology determines and limits 

the potential adaptation strategies. 
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7.2.3 Combining climate change scenarios with agricultural tools and models  

Given the uncertainties of the scenarios (magnitude of change and sometimes direction of change), a 

good approach is to use several possible scenarios as inputs for the agricultural models.  In addition, 

using sensitivity scenarios combined with agricultural models (for example, increase in temperature 

from 0
 o
 to 3

o 
C and changes in precipitation from -30 to +30%) provides an idea of the tolerable 

thresholds of change for a particular system.   

One method that has shown to be effective for generating climate change scenarios is to study the 

changes in the last few decades and then project those changes into the near future.  For example, 

divide the long-term climate database of one region (or sites) and divide them into two periods: for 

example 1930-1960 and 1970-2000.  Then study the statistical properties of each one of those two 

datasets (means, but also frequency, of dry spells, of storms, probability of subsequent days with 

rainfall, etc.).  This can be done with “weather generators.” The last step is to continue (project) the 

trend observed in all these statistical parameters and create a synthetic scenario for the near future 

(e.g., 10-20 years).  This method has the advantage that it is based in observed changes.  Of course 

the projections may be as bad as (or worse than) the results using the conventional method of 

GCMs. 

Finally, an interesting approach is to use a scenario that occurs within the natural climate variability 

of the region, such as a drought scenario.  It is essential that the agricultural evaluations include and 

test more than one possible scenario and analyze the sensitivity of the response in the context of the 

current trends of climate.  The use of more than one scenario and approach results in a span of 

outcomes, which gives a pertinent notion of uncertainty. 

7.2.4 Agroclimatic indices and GIS  

Simple agroclimatic indices combined with GIS have been used to provide an initial evaluation of 

both global agricultural climate change impacts and shifts in agricultural suitable areas in particular 

regions.  The agroclimatic indices are based on simple relationships of crop suitability or potential to 

climate (e.g., identifying the temperature thresholds of a given crop or using accumulated 

temperature over the growing season to predict crop yields; e.g., Holden, 2001).  This type of 

empirically derived coefficient is especially useful for broad-scale mapping of areas of potential 

impact. 

When combined with a spatially comprehensive database of climate, crops, and GIS, simple 

agroclimatic indices are an inexpensive and rapid way of mapping altered crop potential for quite 

large areas.  Applying agroclimatic indices in Africa (Badini et al., 1997) has provided an 

understanding of the relationships between the weather, soils, and agricultural production systems 

and the complexities associated with their variability.  Carter and Saarikko (1996) describe basic 

methods for agroclimatic spatial analysis. 

7.2.5 Statistical models and yield functions 

Complex multivariate models attempt to provide a statistical explanation of observed phenomena by 

accounting for the most important factors (e.g., predicting crop yields on the basis of temperature, 

rainfall, sowing date, and fertilizer application).  A possible weakness in their use for examining the 

impacts of future climate change, however, is their limited ability to predict effects of climatic 
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events that lie outside the range of present-day variability.  Their use has also been criticized 

because they are based on statistical relationships between factors rather than on an understanding of 

the important causal mechanisms.   

Multiple regression models have been developed to represent process-based yield responses to these 

environmental and management variables.  Yield functions have been used to evaluate the sensitivity 

and adaptation to climate, e.g., in China (Rosenzweig et al., 1999) and globally (Parry et al., 2004).   

7.2.6 Process-based crop models 

Process-based models use simplified functions to express the interactions between crop growth and the 

major environmental factors that affect crops (i.e., climate, soils, and management), and many have 

been used in climate impact assessments.  Most were developed as tools in agricultural management, 

particularly for providing information on the optimal amounts of input (such as fertilizers, pesticides, 

and irrigation) and their optimal timing.  Dynamic crop models are now available for most of the major 

crops.  In each case, the aim is to predict the response of a given crop to specific climate, soil, and 

management factors governing production.   

The ICASA/IBSNAT dynamic crop growth models (International Consortium for Application of 

Systems Approaches to Agriculture – International Benchmark Sites Network for Agrotechnology 

Transfer) are structured as a decision support system to facilitate simulations of crop responses to 

management (DSSAT).  The ICASA/IBSNAT models have been used widely for evaluating climate 

impacts in agriculture at different levels ranging from individual sites to wide geographic areas (see 

Rosenzweig and Iglesias, 1994, 1998, for a full description of the method).  This type of model 

structure is particularly useful in evaluating the adaptation of agricultural management to climate 

change.  The DSSAT software includes all ICASA/IBSNAT models with an interface that allows 

output analysis.   

The WOFOST model suite is generic and includes model parameters for certain crops (Supit et al., 

1994; Boogaard et al., 1998).  There are several versions of the models, which are under continuous 

development at the University of Wageningen.   

The EPIC model (Erosion Productivity Impact Calculator; Sharpley and Williams, 1990) incorporates 

simplified crop growth functions that respond to climate, environment, and management; it has been 

used in some climate impact assessments.   

CROPWAT is an empirical irrigation management model developed by the United Nations FAO to 

calculate regional crop water and irrigation requirements from climatic and crop data (CROPWAT, 

1995, 2004).  Net irrigation demand (balance between the crop evapotranspiration and the water 

available for the crop) can be calculated for more than 1,000 sites around the world included in the 

FAOClim database (FAO, 2004).  The model can be adjusted to include irrigation efficiency for 

each region.   
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Table 7.5 summarizes the main crop models that have been used for evaluating impacts and adaptation 

to climate change.  Rosenzweig and Iglesias (1998) provide more complete guidelines for using crop 

models in adaptation studies.   

 

Table 7.5.  Crop models 

Crop Model 

Crop specific ICASA/IBSANT crop specific models included in the DSSAT software 

(including all CERES and GRO models listed under each crop)  

Generic  WOFOST provides a family of generic models with specific parameters 

for maize, wheat, sugar beet, and more (not listed under each crop since 

are not crop specific) 

General model EPIC 

Water irrigation 

requirements for all crops 

CROPWAT  

Alfalfa ALSIM, ALFALFA 

Barley CERES-Barley 

Cotton GOSSYM, COTCROP, COTTAM 

Dry beans BEANGRO 

Maize CERES-Maize, CORNF, SIMAIZ, CORNMOD, VT-Maize, GAPS, 

CUPID 

Peanuts PNUTGRO 

Pearl millet CERES-Millet, RESCAP 

Potatoes SUBSTOR 

Rice CERES-Rice, RICEMOD 

Sorghum CERES-Sorghum, SORGF, SORKAM, RESCAP 

Soybeans SOYGRO, GLYCIM, REALSOY, SOYMOD 

Sugarcane CANEMOD 

Wheat CERES-Wheat, TAMW, SIMTAG, AFRCWHEAT, NWHEAT, 

SIRIUS, SOILN-Wheat 
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Box 7.1 provides more information on DSSAT as an example of a crop-specific family of models, 

and Box 7.2 provides more information on WOFOST as an example of a generic model. 

Box 7.1.  Description of the DSSAT crop models 

Description: The DSSAT models use simplified functions to predict the growth of crops as influenced by the 

major factors that affect yields, i.e., genetics, climate (daily solar radiation, maximum and minimum 

temperatures, and precipitation), soils, and management.  Models are available for many crops (see Table 

7.5); these have been validated over a wide range of environments and are not specific to any particular 

location or soil type.  Modeled processes include phenological development, growth of vegetative and 

reproductive plant parts, extension growth of leaves and stems, senescence of leaves, biomass production and 

partitioning among plant parts, and root system dynamics.  The models include subroutines to simulate the 

soil and crop water balance and the nitrogen balance. 

Variables: The primary variable influencing each phase of plant development is temperature.  Potential dry 

matter production is a function of intercepted radiation; the interception by the canopy is determined by leaf 

area.  The dry matter allocation to different parts of the plant (grain, leaves, stem, roots, etc.) is determined by 

phenological stage and degree of water stress.  Final grain yield is the product of plant population, kernels per 

plant, and kernel weight.  To account for the effect of elevated carbon dioxide on stomatal closure and 

increased leaf area index, a ratio of transpiration under elevated CO2 conditions to that under ambient 

conditions is added. 

Inputs 

Type of data Requirements Source of data 

Current climate Daily maximum and minimum 

temperatures and solar radiation 

for at least a 20-year period. 

National meteorological or research 

institutions.  Daily data may be simulated 

from monthly averages when not 

available. 

Modified climate (climate 

change scenarios) 

Modified daily maximum and 

minimum temperatures, 

precipitation, and solar radiation 

for a period of the same length as 

the current climate. 

National meteorological or research 

institutions. 

Crop management Crop variety, sowing date and 

density, fertilizer and irrigation 

inputs (dates and amounts). 

Agricultural research institutions. 

Soils Soil albedo and drainage, and a 

description of the different layers 

of the soil profile (texture, water 

holding capacity, organic matter, 

and nitrogen). 

Agricultural or hydrological research 

institutions. 

Economics (optional) Cost of labor and price of unit 

production. 

Agricultural statistics. 

Outputs: Variables in the summary output file are the main phenological events, yield, and yield components. 

For more information: Rosenzweig and Iglesias, 1994, 1998. 

Unknown ! 3/16/05 11:13 AM

Formatted
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Box 7.2.  Description of WOFOST. 

Description: WOFOST originated in the framework of an interdisciplinary study on potential world food 

production by the Centre for World Food Studies (CWFS) in cooperation with the Wageningen Agricultural 

University.  Related models are the successive SUCROS models (Simple and Universal CROP Growth 

Simulator), ARID CROP, Spring wheat, MACROS, and ORYZA1.  WOFOST version 6.0 is a mechanistic 

model that explains crop growth on the basis of photosynthesis and respiration, and how these processes are 

affected by environmental conditions.  The crop growth model is generic and includes model parameters for 

wheat, grain maize, barley, rice, sugar beet, potato, field bean, soybean, oilseed rape, and sunflower.   

Inputs: Meteorological data (rain, temperature, windspeed, global radiation, air humidity) are needed as input.  

Other input data include volumetric soil moisture content at various suction levels and other data on saturated 

and unsaturated water flow.  Also data on site-specific soil and crop management are required.  The time step 

for simulation is one day.  WOFOST 6.0 includes an option to use average (monthly) weather data.  Daily 

rainfall data are generated using a built-in mathematical generator. 

Outputs: The model describes crop growth as biomass accumulation in combination with phenological 

development. 

For more information: Supit et al., 1994; Boogaard et al., 1998. 

 

7.2.7 Calibration and validation of the crop models 

Crop models are tools for assessing the vulnerability and adaptation to climate change: stakeholder 

participation is essential.  A mandatory first step is that technical stakeholders assemble field 

agricultural data for calibration and validation of the crop models.  Then regional stakeholders 

evaluate the representativeness of the agricultural model results for spatial upscaling of the model 

results.   

In all agricultural models, the procedure involves adjusting coefficients that describe crop 

characteristics and response to environmental conditions.  Table 7.6 summarizes the steps involved 

in calibrating and validating the agricultural models, with specific references relevant to the DSSAT 

models as an example.  In the DSSAT models, the coefficients that need to be adjusted are included 

in a file of “genetic coefficients” that conceptually represent each crop variety.  A file with genetic 

coefficients for each crop for the most commonly used varieties, adjusted based on numerous 

previous and referenced field experiments, is included in the software.  These coefficients are only a 

starting point and should be further adjusted in the calibration process to represent crop the growth 

and development of the selected variety under the climate and management conditions of the 

particular area.  The few genetic coefficients that describe each variety attempt to represent only the 

phenology or time of developmental phases (e.g., juvenile stage, flowering, physiological maturity) 

and the accumulation of dry mater in the different organs (e.g., roots, vegetative parts, and grain).  

The few coefficients do not attempt to represent the very large number of characteristics of each 

crop variety, such as response to pests and diseases. 
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Table 7.6.  Summary of steps for calibrating and validating crop models 

Step Concept/procedure Example 

1.  Calibrate crop 

phenology 

The crop developmental stage 

determines how the biomass is 

accumulated and to which organ of 

the plant is directed. 

Adjust the simulated dates on 

flowering and physiological maturity 

to field data. 

In the CERES-Maize model this is described by 

the coefficients P1 (thermal time from seedling 

emergence to the end of the juvenile phase); P2 

(extent to which development is delayed for each 

hour increase in photoperiod); and P5 (thermal 

time from silking to physiological maturity).   

By adjusting these coefficients the development 

of the crop can be adjusted to the development in 

the field.   

2.  Calibrate 

grain production 

The adequate rate and quantity of 

biomass accumulation determines 

final crop productivity. 

Adjust the simulated grain yield to 

field data. 

In the CERES-Maize model this is described by 

the coefficients G2 (maximum possible number 

of kernels per plant) and G3 (kernel filling rate 

during the linear grain filling stage and under 

optimum conditions). 

3.  Validate the 

calibrated model 

Ensure that the adjustment of crop 

model results with one experimental 

field dataset to represent a wider 

agricultural area.   

Test if the simulated crop flowering 

and maturity dates and grain yield 

represent farmers’ results.   

Well-calibrated models should always simulate 

correctly the dates of crop maturity.  Simulated 

yields may be higher than the ones observed in 

the farms, but they should represent the 

geographic variation of farm yields arising from 

different soils or management conditions.   

 

7.2.8 Economic tools 

Economic models are designed to estimate the potential impacts of climate change on production, 

consumption, income, GDP, employment, and farm value.  These may be only partial indicators of 

social welfare, however.  Not all social systems, households, and individuals (for example, smallholder 

farmers) may be appropriately represented in models that are based on producer and consumer theory.  

Many of the economic models used in impact analyses to date do not account for the climate-induced 

alterations in the availability of land and water for irrigation, although such important considerations 

can be included.  Studies and models based on market-oriented economies assume profit and utility 

maximizing behavior. 

Several types of economic approaches have been used for agricultural impact assessment.  The most 

useful of these are simple economic forecasting approaches (e.g., Benioff et al., 1996), which are 

forecasts based on a structured framework of available economic (production, consumption, and 

governing policies) and agricultural (production techniques and alternative crops) information.  These 

are generally simple techniques that can be used in most climate impact studies.   
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The following approaches can also be used, although they are relatively complicated and may be 

difficult, time consuming, or expensive to apply. 

Economic cross-sectional models.  One form of economic analysis is the use of spatial analogues, that 

is, cropping patterns in areas with climates similar to what may happen under climate change.  This 

Ricardian approach has been used in a number of applications (e.g., Mendelsohn et al., 1994, 1999).  

Economic models can be based on statistical relationships between climate variables and economic 

indicators.  An advantage of the approach is that farmer adaptation to local climate conditions is 

implicitly considered.  Among the disadvantages are that food prices and domestic farm output prices 

are considered constant, and that key factors that determine agricultural production, such as water 

availability and carbon fertilization, are not generally considered.   

Microeconomic models (farm level).  Microeconomic models are based on the goal of maximizing 

economic returns to inputs.  They are designed to simulate the decision-making process of a 

representative farmer regarding methods of production and allocation of land, labor, existing 

infrastructure, and new capital.  These farm models have most often been developed as tools for rural 

planning and agricultural extension, simulating the effects of changes in inputs (e.g., fertilizers, 

irrigation, credit, management skills) on farm strategy (e.g., cropping mix, employment).  They tend to 

be optimizing economic models using linear programming and require quite specific data and advanced 

analytic skills.  Many take a range of farm types representing those existing in a region and, for each of 

these types, simulate the mix of crops and inputs that would maximize farm income under given 

conditions.  These conditions can be varied (variation of weather, prices of crops, and fertilizers) and 

the appropriate farm response can be modeled.  Changes of climate, instead of variations of weather, 

can be input, and the farm-level response in output and income is then simulated. 

Household and village models.  In semicommercial economies it may be more appropriate to focus on 

the household or village as the unit of response.  Here the objective may be to secure a minimum level 

of income rather than to maximize income, and the focus of analysis should be on the strategies 

developed to reduce the negative effects of crop yield changes rather than increase the positive ones.  

Frequently referred to as coping strategies, these have been analyzed in particular detail in the context 

of risk of hunger (often related to drought).  As with farm models, those climate impact assessments 

that have included successful analyses on responses at the household and village level have tended to 

borrow from existing studies, adapting them to consider changes in climate rather than variations of 

weather.  For specific examples of their use in climate impact assessment in Kenya and India, see 

Akong’a et al.  cited in Parry et al.  (1998a) and Jodha cited in Gadgil et al.  (1988).  For a more general 

discussion, see Downing (1991).   

Macroeconomic models.  Macroeconomic models can be of a regional, national, or global agricultural 

economy.  For climate change purposes, the models allocate domestic and foreign consumption and 

regional production based on given perturbations of crop production, water supply, and demand for 

irrigation derived from biophysical techniques.  Population growth and improvements in technology are 

set exogenously.  These models measure the potential magnitude of climate change impacts on the 

economic welfare of both producers and consumers of agricultural goods.  The predicted changes in 

production and prices from agricultural sector models can then be used in general equilibrium models 

of the larger economy.  Adams et al.  (1990) and Fischer et al.  (2002) provide key examples of the use 

of macroeconomic models.   
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7.3 Information on Datasets  

Which data are available or not will frequently affect the type of climate impact assessment that is 

made, particularly if time and funds are limited.  Studies of the impacts of climate change on 

agriculture require a quantitative description of the exposure unit and the current (baseline) 

agricultural conditions in the study area.  Data are also needed for projecting future (reference case) 

conditions in the absence of climate change (e.g., projected increases in agricultural technology or 

fertilizer use).  Although specific data requirements will vary with the scope of the study and the 

method selected (this is discussed in more detail later), the groups of data generally be required and 

an orientation of the possible data sources are outlined in Table 7.7. 

7.4 Integrated Assessments 

One common feature of the different approaches to climate impact assessment is that they all have a 

geographical dimension.  Climate and its impacts vary over space, and this pattern of variation is 

likely to change as the climate changes.  These aspects are of crucial importance for policy makers 

operating at regional, national, or international scale because changes in resource patterns may affect 

regional equity, with consequent implications for planning.  Thus the geographical analysis of 

climatic changes and their impacts, where results are presented as maps, has received growing 

attention in recent years.  This trend has been paralleled by the rapid development of computer-

based GIS, which can be used to store, analyze, merge, and depict spatial information.  As computer 

power improves, the feasibility of conducting detailed modeling studies at a regional scale has been 

enhanced.  The main constraint is on the availability of detailed data over large areas, but 

sophisticated statistical interpolation techniques and the application of stochastic weather generators 

to provide artificial climatological data at a high time resolution may offer partial solutions.  An 

example of a GIS-integrated assessment tool for agricultural vulnerability and assessment is the 

FAO AEZ model (FAO, 1996, 2002).   

 

Table 7.7.  Summary of the datasets required and possible sources 

Dataset Possible sources Comments 

Experimental crop 

phenology and yield  

At the local level, experimental 

agricultural and extension services of most 

agricultural universities or ministries of 

agriculture 

Necessary to calibrate the agricultural 

models; two years of data is acceptable; 

associated data on crop management is 

required 

Yields for the crops to  

be studied  

At the local level, extension services of 

most ministries of agriculture 

Time series to evaluate natural yield 

variability 

Climate data Meteorological institutes; international 

organizations (e.g., FAO; National 

Oceanic and Atmospheric Administration) 

Time series to evaluate natural climate 

variability and to develop scenarios 

Soil characteristics Ministry of agriculture; international 

organizations (e.g., FAO) 

Include soil depth and texture to evaluate 

soil water holding capacity 
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Dataset Possible sources Comments 

Production (both  

regional and national 

statistics) 

At the regional level, agricultural 

yearbooks of the ministries of agriculture; 

international organizations  

Time series to evaluate natural 

production variability 

Crop management  At the local and regional levels, extension 

services of the ministries of agriculture; 

international organizations; stakeholder 

consultation 

Include crop sowing dates, crop varieties, 

labor, fertilizer and irrigation inputs 

Land use  Maps or digital from the ministries of 

agriculture or the environment; satellite 

data from international organizations 

Geographically explicit data necessary to 

enable spatial extrapolation from sample 

sites across the study area 

General socioeconomic 

data  

Ministry of agriculture; international 

organizations; stakeholder consultation 

Include the contribution of sample sites’ 

agricultural production to total output of 

the study area, percentage of working 

labor in the agricultural sector 

Other Stakeholder consultation Additional data may be needed for 

specific studies (for example, water 

irrigation requirements, rates of soil 

degradation and erosion 

 

7.5 Adaptation 

7.5.1 The choices for agricultural adaptation 

Historically agriculture has shown a considerable ability to adapt to changing conditions, whether 

from alterations in resource availability, technology, or economics.  Many adaptations occur 

autonomously and without the need for conscious response by farmers and agricultural planners.  It 

is likely, however, at least in some parts of the world and especially in developing countries, that the 

rate and magnitude of climate change will exceed that of normal change in agriculture and that 

specific technologies and management styles will need to be adopted to avoid the most serious 

effects.  As far as possible the response adjustments need to be identified along with their costs and 

benefits.  There is much to be gained from evaluating the capability that exists in currently available 

technology and the potential capability that can developed in the future.   

Although most adaptation to climate change will ultimately be characterized by responses at the 

farm level, encouragement of response by policy affects the speed and extent of adoption.  Most 

major adaptations may require 10 to 20 years to implement.  Two broad types of adaptation are 

considered here: farm-based adaptation and policy adaptation.  Farm-based adaptation includes 

changes in crops or crop management.  Table 7.8 outlines examples of farm-based adaptation 

measures that can be evaluated with the tools provided in this manual.  All measures may contribute 

to adapt to climate change but in many cases may have other negative effects, such as environmental 
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damage.  Policy based adaptation creates synergies with the farmers’ responses particularly in 

countries where education of the rural population is limited.  Agricultural research to test the 

robustness of alternative farming strategies and development of new crop varieties are also among 

the policy based measures with a potential for being effective in the future.   

7.5.2 Adaptation of vulnerable areas 

The adaptation capacity of the agriculture sector in developing countries is challenged in particular, 

because climate change comes in conjunction with high development pressure, increasing 

populations, water management that is already regulating most of available water resources, and 

agricultural systems that are often not adapted (anymore) to local conditions.  Evidence for limits to 

adaptation of socioeconomic and agricultural systems in many regions can be documented in recent 

history.  For example, water management schemes were not able to cope with sustained droughts or 

floods in the late 1990s and early 2000s in many countries, causing severe damage to agriculture and 

to vulnerable populations.  Effective measures to cope with long-term drought and water scarcity are 

limited and difficult to implement because of the variety of the stakeholders involved and the lack of 

adequate means to negotiate new policies.  Box 7.3 gives an example of how agricultural adaptation 

in Zimbabwe can be assessed. 

 

Table 7.8.  Farm-based adaptation measures, actions to implement them, and potential results 

Measure Action Potential result 

Choice of crop Drought of heat resistant  Reduction of risk of yield loss and reduction of irrigation 

requirements 

 Pest resistant  Reduce crop loss when climate conditions are favorable for 

increased weeds and pests 

 Quicker (or slower) 

maturing varieties 

Ensure maturation in growing season shortened by reduced 

moisture or thermal resources; maximization of yields under 

longer growing seasons 

 Altered mix of crops Reduction of overall production variability 

Tillage and time 

of operations 

Change planting date Match altered precipitation patterns 

 Terracing, ridging Increase moisture availability to plants 

 Land leveling Spread water and increase infiltration 

 Reduced tillage Reduction of soil organic matter losses, soil erosion, and 

nutrients 

 Deep ploughing Break up impervious layers or hardpan, to increase infiltration 
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Measure Action Potential result 

 Change fallow and 

mulching practices 

Retain moisture and organic matter 

 Alter cultivations Reduce weed infestation 

 Switch seasons for 

cropping 

Change from spring to winter crops to avoid increased summer 

drought 

   

Crop husbandry Alter row and plant 

spacing 

Increase root extension to soil water 

 Intercropping Reduce yield variability, maximize use of moisture 

Irrigation and 

water harvesting 

Introduce new irrigation 

schemes to dryland areas 

Avoid losses due to drought 

 Improve irrigation 

efficiency 

Avoid moisture stress 

 Water harvesting Increase moisture availability 

Input of 

agrochemicals 

Vary amounts of fertilizer 

application 

Increase nitrogen to improve yield if more water is available; or 

decrease to minimize input costs 

 Alter time of application Match applications to (e.g.,) altered pattern of precipitation 

 Vary amount of chemical 

control  

Avoid pest, weed, and disease damage 

 

 



Agriculture 

Chapter 7, Page 20 of 20 

Box 7.3.  Vulnerability and adaptation of maize production to climate change in Zimbabwe 

1.  Define problem.  Maize is the 

primary crop food in Zimbabwe, 

occupies about half of the total 

agricultural cropland, and is 

grown by all the farming sectors 

(about two-thirds by communal 

farmers and one-third by 

commercial farmers). 

 

2.  Assess biophysical and 

socioeconomic impacts.  All 

scenarios considered cause 

decreases in maize production. 

 

3.  Assess adjustments and 

adaptation strategies.  

Stakeholders proposed increased 

agricultural inputs and 

technology as strategies to 

decrease the risk of production 

under current and future climate. 

 

Source: Muchena, 1994. 

 



Agriculture 

Chapter 7, Page 1 of 20 

7. Agriculture 

7.1 Overview 

7.1.1 Context of National Communications 

Sustainable development includes social, economic, and environmental dimensions.  Climate change 

modifies all these dimensions and therefore alters the potential development pathways.  In 

particular, the effects of climate change on agriculture will determine the future of food security and 

ultimately influence the inequitable North/South divide.   

According to the IPCC TAR (McCarthy et al., 2001), climate change is already happening and will 

continue to happen even if global GHG emissions are curtailed.  Many studies document the 

implications of climate change for agriculture and pose a reasonable concern that climate change is a 

threat to poverty and sustainable development, especially in developing countries  

(nonAnnex I countries).  Identifying which regions and populations are at greatest risk from climate 

change (i.e., are most vulnerable) can help in setting priorities for adaptation.  This chapter focuses 

on the methods for making these assessments, providing examples of application in developing 

countries and an overview of previous knowledge.  The merits of each approach vary according to 

the level of impact being studied, and they may frequently be mutually supportive.  For example, 

simple agroclimatic indices often provide the necessary information on how crops respond to 

varying rainfall and temperature in wide geographical areas; crop-specific models are used to test 

alternative management that can in turn be used as a component for an economic model that 

analyzes regional vulnerability or national adaptation strategies.  Therefore, a mix of approaches is 

often the most productive. 

7.1.2 Effects of current climate variability 

Climate is an essential component of the natural capital.  In many regions of the world, such as 

Africa, Southern and Central America, and South and Southeast Asia, climates are extremely 

variable from year to year, and recurrent drought and flood problems often affect entire countries 

over multiyear periods.  These often result in serious social problems.  For example, the persistent 

drying trend in parts of Africa over the last decades has affected food production, including 

freshwater fisheries, industrial and domestic water supplies, and hydropower generation (Benson 

and Clay, 1998, 2000). 

Agriculture is strongly dependent on water resources and climatic conditions, particularly in the 

regions of the world that are particularly sensitive to climatic hazards, such as Africa, South and 

Central America, and Asia.  Some countries in these regions, where economical and social situations 

are often unstable, are extremely vulnerable to changes in environmental factors.  It is especially the 

case in countries where technological buffering to droughts and floods is less advanced, and where 

the main physical factors affecting production (soils, terrain, climate) are less suited to farming.  

Crop production is consequently extremely sensitive to large year-to-year weather fluctuations.  

Crop diseases or pest infestations are also weather dependent and tend to cause more damage in 

countries with lower technological levels.   
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7.1.3 Drivers of agricultural response to climate change 

Estimating future agricultural responses to climate change is usually based on scenarios.  It is crucial 

to understand that there is large uncertainty in the climate scenarios used for the analyses.  The 

scenarios are essential for evaluating possible futures but they do not necessarily represent 

conditions that will actually occur.  Nevertheless, conditions similar to the scenarios are possible, 

and as such they should be used to explore possible adaptive measures. 

Agriculture is a complex sector involving different driving parameters (environmental, economic, 

and social).  It is now well recognized that crop production is very sensitive to climate change 

(McCarthy et al., 2001), with different effects according to region.  The IPCC analysis of climate 

change impacts (TAR) estimates a general reduction of potential crop yields and a decrease in water 

availability for agriculture and population in many parts of the developing world (see Table 7.1). 

The main drivers of agricultural responses to climate change are biophysical effects (see Table 7.2) 

and socioeconomic factors (see Table 7.3).  Crop production is affected biophysically by changing 

meteorological variables, including rising temperatures, changing precipitation regimes, and 

increasing levels of atmospheric carbon dioxide.  Biophysical effects of climate change on 

agricultural production depend on the region and the agricultural system, and the effects vary 

through time.   

Socioeconomic factors influence responses to changes in crop productivity, with price changes and 

shifts in comparative advantage.  The final response depends on the adaptation strategies in each 

region and agricultural system.  The combination of biophysical and socioeconomic effects can 

result in:  

• Changes in the mix of crops grown, and hence in the type of farming and rural land use 

• Changes in production, farm income, and rural employment 

• Changes in rural income, contribution to national GDP, and agricultural export 

earnings. 

Table 7.1.  Climate change and related factors relevant to agricultural production 

and food security 

Climate factor Direction of change 

Consequences and factors that interact with 

agricultural production and food security 

Sea level rise Increase Sea level intrusion in coastal (agricultural) areas and 

salinization of water supply. 

Precipitation 

intensity/runoff 

Intensified hydrological cycle, so 

generally increases, but with 

regional variations 

Changed patterns of erosion and accretion; changed 

storm impacts; changed occurrence of storm flooding 

and storm damage, water logging, increase in pests. 

Heat stress Increases in heat waves Damage to grain formation, increase in some pests. 

   

Climate factor Direction of change 

Consequences and factors that interact with 

agricultural production and food security 
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Drought  Poorly known, but significant 

increased temporal and spatial 

variability expected 

Crop failure, yield decrease; competition for water. 

Atmospheric CO2 Increase Increased crop productivity but also increased weed 

productivity and therefore competition with crops. 

Climate factor Direction of change 

Consequences and factors that interact with 

agricultural production and food security 

Source: Data and information from Parry et al.  (1998a, 2004), McCarthy et al.  (2001). 

 

Table 7.2.  Characterization of agronomic impacts, adaptive capacity, and sector outcomes 

Biophysical 

impact 

Uncertainty 

level 

Expected intensity 

of negative effects 

Adaptive 

capacity 

Socioeconomic and other  

secondary impacts 

Changes in crop 

growth conditions 

Medium High for some 

crops and regions 

Moderate 

to high  

Changes in optimal farming systems; 

relocation of farm processing industry; 

increased economic risk; loss of rural 

income; pollution by nutrient leaching; 

biodiversity. 

Changes in 

optimal conditions 

for livestock 

production 

High Medium High for 

intensive 

production 

systems 

Changes in optimal farming systems; 

loss of rural income. 

Changes in 

precipitation and 

the availability of 

water resources 

Medium 

to low 

High for 

developing  

countries 

Moderate Increased demand for irrigation; 

decreased yield of crops; increased risk 

of soil salinization; increased water 

shortage; loss of rural income. 

Changes in 

agricultural pests 

High to 

very high 

Medium Moderate 

to high 

Pollution by increased use of pesticides; 

decreased yield and quality of crops; 

increased economic risk; loss of rural 

income. 

Changes in soil 

fertility and 

erosion 

Medium High for  

developing 

countries 

Moderate Pollution by nutrient leaching; 

biodiversity; decreased yield of crops; 

land abandonment; increased risk of 

desertification; loss of rural income. 
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Table 7.3.  Characterization of aggregated farming system impacts, adaptive capacity, and sector outcomes 

Socioeconomic 

impact 

Uncertainty 

level 

Expected intensity 

of negative effects 

Autonomous 

adaptation (private 

coping capacity) Other impacts 

Changes in 

optimal farming 

systems 

High High for areas where 

current optimal 

farming systems are 

extensive 

Moderate Changes in crop and livestock 

production activities; relocation of 

farm processing industry; loss of 

rural income; pollution by nutrient 

leaching; biodiversity. 

Relocation of 

farm processing 

industry 

High High for some food 

industries requiring 

large infrastructure 

or local labor 

Moderate Loss of rural income; loss of 

cultural heritage. 

Increased 

(economic) risk 

Medium High for crops 

cultivated near their 

climatic limits 

Low Loss of rural income. 

Socioeconomic 

impact 

Uncertainty 

level 

Expected intensity 

of negative effects 

Autonomous 

adaptation (private 

coping capacity) Other impacts 

Loss of rural 

income and 

cultural heritage 

High (Not characterized) Moderate Land abandonment; increased risk 

of desertification; welfare decrease 

in rural societies; migration to 

urban areas; biodiversity. 

7.1.4 Previous studies 

Several hundred studies on climate changes on agriculture have been completed.  They provide a 

first indication of the impact types to expect, and thus the most effective analysis methods to 

implement.  Potential impacts on world food supply have been estimated for several climate change 

and socioeconomic scenarios (Figure 7.1).  Some regions may improve their agricultural production 

whereas others will suffer from yield losses, and so a reorganization of the agricultural production 

areas may be required.  In a particular region, crops are expected to be differently affected, leading 

to the need for adaptations in supporting industries and markets, farm-level strategies, and rural 

development schemes.   

Although Figure 7.1 shows that global production appears stable (Parry et al., 2004 provide 

additional quantitative data), regional differences in crop production are likely to grow stronger 

through time, leading to a significant polarization of effects with substantial increases in prices and 

risk of hunger amongst the poorer nations.  The most serious effects are at the margins (vulnerable 

regions and groups).  Individuals particularly vulnerable to environmental change are those with 

relatively high exposures to changes, high sensitivities to changes, low coping and adaptive 

capacities, and low resilience and recovery potential.  Adaptation is necessary, but adaptation has 

limits (technology and biotechnology, political and cultural).
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7.2 Methods and Tools 

7.2.1 General considerations 

The methods for assessing climate impacts in crop production and evaluation of adaptation 

strategies are extensively developed and used widely by scientists, extension services, commercial 

farmers, and resource managers.  A major challenge facing all agriculture-climate evaluations is the 

analysis of important biophysical and socioeconomic impacts, because these must be derived from 

complex interactions among biophysical and socioeconomic systems that are difficult to model.  The 

tools presented in this chapter are adequate to be used with modified mean climate conditions.  To 

evaluate changes in the frequency and intensity of extreme events such as drought or floods, it is 

important to include a combination of empirical yield responses based on statistical data and 

modeling approaches.  In all cases, the challenge for interpreting the results is derived from the use 

of uncertain climate change scenarios.   

 

Figure 7.1.  Percentage change in average crop yields for the HadCM2 climate 

change scenario. 

Source: Parry et al., 2004. 
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A number of different approaches to the assessment of the impacts of climate change on agriculture 

have been developed from many studies conducted to date.  Approaches used to assess biophysical 

impacts include: 

• Agroclimatic indices and GIS 

• Statistical models and yield functions 

• Process-based models. 

In addition, different tools can be used to examine the socioeconomic impacts of climate change.  A 

relatively simple economic forecasting tool such as that developed by the U.S.  Country Studies 

Program (Benioff et al., 1996) is often useful.  More complex approaches such as economic 

regression models, microeconomic and macroeconomic models, farm models, and household and 

village models can also be used.   

Each of these different methods yields information on different types of impacts (see Table 7.4).  

For example, simple agroclimatic indices can be used to analyze large-area shifts of cropping zones, 

whereas process-based crop growth models should be used to analyze changes in crop yields.  

Effects on income, livelihoods, and employment are assessed using economic and social forms of 

analysis.   

In addition, studies can be undertaken using a regional approach or a site-specific approach.  In a 

regional approach, several existing simple tools can be applied and tested under a range of 

conditions in a given region, and the results are visualized in the form of maps.  This simple regional 

approach is essential for integrating climate change, crop production, water demand indices, and 

socioeconomic indices at the regional scale, thus providing a first-order evaluating tool to analyze 

possible adaptation strategies.   

 

Table 7.4.  Summary of the characteristics of the main agricultural models 

Type of model Description and use Strengths Weaknesses 

Agroclimatic 

indices and GIS  

Based on combinations of 

climate factors important for 

crops. 

Used in many agricultural 

planning studies.   

Useful for general audiences. 

Simple calculation. 

Effective for comparing 

across regions or crops. 

Climate based only, lack 

management responses or 

consideration of carbon 

fertilization.   

Statistical 

models and 

yield functions 

Based on the empirical 

relationship between 

observed climate and crop 

responses. 

Used in yield prediction for 

famine early warning and 

commodity markets. 

Present-day crop and 

climatic variations are well 

described. 

Do not explain causal 

mechanisms.   

May not capture future 

climate crop relationships or 

CO2 fertilization. 
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Type of model Description and use Strengths Weaknesses 

Process-based 

crop models 

Calculate crop responses to 

factors that affect growth and 

yield (i.e., climate, soils, and 

management).   

Used by many agricultural 

scientists for research and 

development. 

Process based, widely 

calibrated, and validated. 

Useful for testing a broad 

range of adaptations. 

Test mitigation and 

adaptation strategies 

simultaneously.   

Available for most major 

crops. 

Require detailed weather and 

management data for best 

results. 

Economic tools Calculate land values, 

commodity prices, and 

economic outcomes for 

farmers and consumers based 

on crop production data. 

Useful for incorporating 

financial considerations and 

market-based adaptations. 

Not all social systems, 

households, and individuals 

appropriately represented. 

Climate-induced alterations in 

availability of land and water 

not always taken into account. 

Focus on profit and utility-

maximizing behavior. 

Models are complex and 

require much data. 

Household and 

village models 

Description of coping 

strategies for current 

conditions by household and 

village as the unit of 

response. 

Useful in semicommercial 

economies. 

Not generalizable; do not 

capture future climate 

stresses, if different from 

current. 

A site-specific approach involves local studies that analyze the sensitivity of crop yield, farm 

management, and water use to climate at the local scale and the implications for policy decisions 

that affect water management.  Crop models typically focus on optimizing timing of production and 

efficiency of nutrient use (primarily nitrogen) and irrigation water.   

Since economic sectors vary greatly among different countries and physical environments, different 

methods of impact assessment will be appropriate.  It is likely that a mix of approaches will lead to 

the most robust set of results for a given area.   

7.2.2 Limitations and sources of uncertainty  

Climate change scenarios.  Climate change scenarios are derived from GCMs driven by changes in 

the atmospheric composition that in turn is derived from socioeconomic scenarios (SRES, see 

below).  A main challenge is to interpret the results derived from climate scenarios that are used as 

inputs.  In all regions, uncertainties with respect to the magnitude of the expected changes result in 

uncertainties of the agricultural evaluations.  For example, in some regions projections of rainfall, a 

key variable for crop production, may be positive or negative depending on the climate scenario 

used.  The uncertainty derived from the climate model is related to the limitation of current models 
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to represent all atmospheric processes and interactions of the climate system.  The limitation of 

projecting socioeconomic development pathways is an additional source of uncertainty.   

Climate variability.  Regional climates naturally fluctuate about the long-term mean.  For example, 

rainfall variability occurs with regard to timing and quantity, affecting agriculture each year.  It is 

clear that changes have occurred in the past and will continue to occur, and climate change modifies 

these variability patterns, for example, resulting in more droughts and floods.  Nevertheless, there 

are many uncertainties, especially about rainfall scenarios for the future.   

Agricultural models.  The agricultural models contain many simple, empirically derived 

relationships that do not completely represent actual plant processes.  When models are adequately 

tested against observed data (calibration and validation process), the results represent agricultural 

output under current climate conditions.  Nevertheless, the simplifications of the crop models are a 

source of uncertainty of the results.  For example, agricultural models in general assume that weeds, 

diseases, and insect pests are controlled; that there are no problem soil conditions such as high 

salinity or acidity; and that there are no catastrophic weather events such as heavy storms.  The 

agricultural models simulate the current range of agricultural technologies available around the 

world; they do not include potential improvements in such technology, but can be used to test the 

effects of some potential improvements, such as improved varieties and irrigation schedules.  A 

range of agricultural models are used widely by scientists, technical extension services, commercial 

farmers, and resource managers to evaluate agricultural alternatives in a given location under 

different conditions (i.e., drought years, changes in policy for application of agrochemicals, changes 

in water input, among others). 

Effects of CO2 on crops.  CO2 is a component of plant photosynthesis and therefore influences 

biomass production.  It also regulates the opening of plant stomata and therefore affects plant 

transpiration.  As result, in theory, plants growing in increased CO2 conditions will produce more 

biomass and will consume less water.  Experiments in greenhouses confirm such plant behavior; 

nevertheless because of the multiple interactions of physiological processes, actual changes are 

smaller than the theoretical ones.  In field conditions, the changes are even smaller.  Most of the 

crop models used for climate change evaluations include an option to simulate the effects of CO2 

increase on crop yield and water use (see Rosenzweig and Iglesias, 1998).  It is difficult to validate 

the crop model results because there are only a very limited number of these experiments 

worldwide, raising uncertainty of the simulated results.   

Issues of scale.  Scaling up the vulnerability and adaptation results to a regional level is, as in most 

scaling exercises, not an easy task.  Ideally one might use information from farms that are 

representative of agriculture in the region, and the degree of their representativeness would need to 

be established.  More frequently, regional assessments have relied on the input provided by regional 

planners and economists as to regional-scale effects, based on local data supplied to them and 

discussed by a full range of stakeholders.   

Socioeconomic projections.  The limitations for projecting socioeconomic changes affect not only 

the SRES scenarios but also the potential adaptive capacity of the system.  For example, uncertainty 

about the population (density, distribution, migration), GDP, and technology determines and limits 

the potential adaptation strategies. 
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7.2.3 Combining climate change scenarios with agricultural tools and models  

Given the uncertainties of the scenarios (magnitude of change and sometimes direction of change), a 

good approach is to use several possible scenarios as inputs for the agricultural models.  In addition, 

using sensitivity scenarios combined with agricultural models (for example, increase in temperature 

from 0
 o
 to 3

o 
C and changes in precipitation from -30 to +30%) provides an idea of the tolerable 

thresholds of change for a particular system.   

One method that has shown to be effective for generating climate change scenarios is to study the 

changes in the last few decades and then project those changes into the near future.  For example, 

divide the long-term climate database of one region (or sites) and divide them into two periods: for 

example 1930-1960 and 1970-2000.  Then study the statistical properties of each one of those two 

datasets (means, but also frequency, of dry spells, of storms, probability of subsequent days with 

rainfall, etc.).  This can be done with “weather generators.” The last step is to continue (project) the 

trend observed in all these statistical parameters and create a synthetic scenario for the near future 

(e.g., 10-20 years).  This method has the advantage that it is based in observed changes.  Of course 

the projections may be as bad as (or worse than) the results using the conventional method of 

GCMs. 

Finally, an interesting approach is to use a scenario that occurs within the natural climate variability 

of the region, such as a drought scenario.  It is essential that the agricultural evaluations include and 

test more than one possible scenario and analyze the sensitivity of the response in the context of the 

current trends of climate.  The use of more than one scenario and approach results in a span of 

outcomes, which gives a pertinent notion of uncertainty. 

7.2.4 Agroclimatic indices and GIS  

Simple agroclimatic indices combined with GIS have been used to provide an initial evaluation of 

both global agricultural climate change impacts and shifts in agricultural suitable areas in particular 

regions.  The agroclimatic indices are based on simple relationships of crop suitability or potential to 

climate (e.g., identifying the temperature thresholds of a given crop or using accumulated 

temperature over the growing season to predict crop yields; e.g., Holden, 2001).  This type of 

empirically derived coefficient is especially useful for broad-scale mapping of areas of potential 

impact. 

When combined with a spatially comprehensive database of climate, crops, and GIS, simple 

agroclimatic indices are an inexpensive and rapid way of mapping altered crop potential for quite 

large areas.  Applying agroclimatic indices in Africa (Badini et al., 1997) has provided an 

understanding of the relationships between the weather, soils, and agricultural production systems 

and the complexities associated with their variability.  Carter and Saarikko (1996) describe basic 

methods for agroclimatic spatial analysis. 

7.2.5 Statistical models and yield functions 

Complex multivariate models attempt to provide a statistical explanation of observed phenomena by 

accounting for the most important factors (e.g., predicting crop yields on the basis of temperature, 

rainfall, sowing date, and fertilizer application).  A possible weakness in their use for examining the 

impacts of future climate change, however, is their limited ability to predict effects of climatic 
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events that lie outside the range of present-day variability.  Their use has also been criticized 

because they are based on statistical relationships between factors rather than on an understanding of 

the important causal mechanisms.   

Multiple regression models have been developed to represent process-based yield responses to these 

environmental and management variables.  Yield functions have been used to evaluate the sensitivity 

and adaptation to climate, e.g., in China (Rosenzweig et al., 1999) and globally (Parry et al., 2004).   

7.2.6 Process-based crop models 

Process-based models use simplified functions to express the interactions between crop growth and the 

major environmental factors that affect crops (i.e., climate, soils, and management), and many have 

been used in climate impact assessments.  Most were developed as tools in agricultural management, 

particularly for providing information on the optimal amounts of input (such as fertilizers, pesticides, 

and irrigation) and their optimal timing.  Dynamic crop models are now available for most of the major 

crops.  In each case, the aim is to predict the response of a given crop to specific climate, soil, and 

management factors governing production.   

The ICASA/IBSNAT dynamic crop growth models (International Consortium for Application of 

Systems Approaches to Agriculture – International Benchmark Sites Network for Agrotechnology 

Transfer) are structured as a decision support system to facilitate simulations of crop responses to 

management (DSSAT).  The ICASA/IBSNAT models have been used widely for evaluating climate 

impacts in agriculture at different levels ranging from individual sites to wide geographic areas (see 

Rosenzweig and Iglesias, 1994, 1998, for a full description of the method).  This type of model 

structure is particularly useful in evaluating the adaptation of agricultural management to climate 

change.  The DSSAT software includes all ICASA/IBSNAT models with an interface that allows 

output analysis.   

The WOFOST model suite is generic and includes model parameters for certain crops (Supit et al., 

1994; Boogaard et al., 1998).  There are several versions of the models, which are under continuous 

development at the University of Wageningen.   

The EPIC model (Erosion Productivity Impact Calculator; Sharpley and Williams, 1990) incorporates 

simplified crop growth functions that respond to climate, environment, and management; it has been 

used in some climate impact assessments.   

CROPWAT is an empirical irrigation management model developed by the United Nations FAO to 

calculate regional crop water and irrigation requirements from climatic and crop data (CROPWAT, 

1995, 2004).  Net irrigation demand (balance between the crop evapotranspiration and the water 

available for the crop) can be calculated for more than 1,000 sites around the world included in the 

FAOClim database (FAO, 2004).  The model can be adjusted to include irrigation efficiency for 

each region.   
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Table 7.5 summarizes the main crop models that have been used for evaluating impacts and adaptation 

to climate change.  Rosenzweig and Iglesias (1998) provide more complete guidelines for using crop 

models in adaptation studies.   

 

Table 7.5.  Crop models 

Crop Model 

Crop specific ICASA/IBSANT crop specific models included in the DSSAT software 

(including all CERES and GRO models listed under each crop)  

Generic  WOFOST provides a family of generic models with specific parameters 

for maize, wheat, sugar beet, and more (not listed under each crop since 

are not crop specific) 

General model EPIC 

Water irrigation 

requirements for all crops 

CROPWAT  

Alfalfa ALSIM, ALFALFA 

Barley CERES-Barley 

Cotton GOSSYM, COTCROP, COTTAM 

Dry beans BEANGRO 

Maize CERES-Maize, CORNF, SIMAIZ, CORNMOD, VT-Maize, GAPS, 

CUPID 

Peanuts PNUTGRO 

Pearl millet CERES-Millet, RESCAP 

Potatoes SUBSTOR 

Rice CERES-Rice, RICEMOD 

Sorghum CERES-Sorghum, SORGF, SORKAM, RESCAP 

Soybeans SOYGRO, GLYCIM, REALSOY, SOYMOD 

Sugarcane CANEMOD 

Wheat CERES-Wheat, TAMW, SIMTAG, AFRCWHEAT, NWHEAT, 

SIRIUS, SOILN-Wheat 
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Box 7.1 provides more information on DSSAT as an example of a crop-specific family of models, 

and Box 7.2 provides more information on WOFOST as an example of a generic model. 

Box 7.1.  Description of the DSSAT crop models 

Description: The DSSAT models use simplified functions to predict the growth of crops as influenced by the 

major factors that affect yields, i.e., genetics, climate (daily solar radiation, maximum and minimum 

temperatures, and precipitation), soils, and management.  Models are available for many crops (see Table 

7.5); these have been validated over a wide range of environments and are not specific to any particular 

location or soil type.  Modeled processes include phenological development, growth of vegetative and 

reproductive plant parts, extension growth of leaves and stems, senescence of leaves, biomass production and 

partitioning among plant parts, and root system dynamics.  The models include subroutines to simulate the 

soil and crop water balance and the nitrogen balance. 

Variables: The primary variable influencing each phase of plant development is temperature.  Potential dry 

matter production is a function of intercepted radiation; the interception by the canopy is determined by leaf 

area.  The dry matter allocation to different parts of the plant (grain, leaves, stem, roots, etc.) is determined by 

phenological stage and degree of water stress.  Final grain yield is the product of plant population, kernels per 

plant, and kernel weight.  To account for the effect of elevated carbon dioxide on stomatal closure and 

increased leaf area index, a ratio of transpiration under elevated CO2 conditions to that under ambient 

conditions is added. 

Inputs 

Type of data Requirements Source of data 

Current climate Daily maximum and minimum 

temperatures and solar radiation 

for at least a 20-year period. 

National meteorological or research 

institutions.  Daily data may be simulated 

from monthly averages when not 

available. 

Modified climate (climate 

change scenarios) 

Modified daily maximum and 

minimum temperatures, 

precipitation, and solar radiation 

for a period of the same length as 

the current climate. 

National meteorological or research 

institutions. 

Crop management Crop variety, sowing date and 

density, fertilizer and irrigation 

inputs (dates and amounts). 

Agricultural research institutions. 

Soils Soil albedo and drainage, and a 

description of the different layers 

of the soil profile (texture, water 

holding capacity, organic matter, 

and nitrogen). 

Agricultural or hydrological research 

institutions. 

Economics (optional) Cost of labor and price of unit 

production. 

Agricultural statistics. 

Outputs: Variables in the summary output file are the main phenological events, yield, and yield components. 

For more information: Rosenzweig and Iglesias, 1994, 1998. 

Unknown ! 3/16/05 11:13 AM

Formatted
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Box 7.2.  Description of WOFOST. 

Description: WOFOST originated in the framework of an interdisciplinary study on potential world food 

production by the Centre for World Food Studies (CWFS) in cooperation with the Wageningen Agricultural 

University.  Related models are the successive SUCROS models (Simple and Universal CROP Growth 

Simulator), ARID CROP, Spring wheat, MACROS, and ORYZA1.  WOFOST version 6.0 is a mechanistic 

model that explains crop growth on the basis of photosynthesis and respiration, and how these processes are 

affected by environmental conditions.  The crop growth model is generic and includes model parameters for 

wheat, grain maize, barley, rice, sugar beet, potato, field bean, soybean, oilseed rape, and sunflower.   

Inputs: Meteorological data (rain, temperature, windspeed, global radiation, air humidity) are needed as input.  

Other input data include volumetric soil moisture content at various suction levels and other data on saturated 

and unsaturated water flow.  Also data on site-specific soil and crop management are required.  The time step 

for simulation is one day.  WOFOST 6.0 includes an option to use average (monthly) weather data.  Daily 

rainfall data are generated using a built-in mathematical generator. 

Outputs: The model describes crop growth as biomass accumulation in combination with phenological 

development. 

For more information: Supit et al., 1994; Boogaard et al., 1998. 

 

7.2.7 Calibration and validation of the crop models 

Crop models are tools for assessing the vulnerability and adaptation to climate change: stakeholder 

participation is essential.  A mandatory first step is that technical stakeholders assemble field 

agricultural data for calibration and validation of the crop models.  Then regional stakeholders 

evaluate the representativeness of the agricultural model results for spatial upscaling of the model 

results.   

In all agricultural models, the procedure involves adjusting coefficients that describe crop 

characteristics and response to environmental conditions.  Table 7.6 summarizes the steps involved 

in calibrating and validating the agricultural models, with specific references relevant to the DSSAT 

models as an example.  In the DSSAT models, the coefficients that need to be adjusted are included 

in a file of “genetic coefficients” that conceptually represent each crop variety.  A file with genetic 

coefficients for each crop for the most commonly used varieties, adjusted based on numerous 

previous and referenced field experiments, is included in the software.  These coefficients are only a 

starting point and should be further adjusted in the calibration process to represent crop the growth 

and development of the selected variety under the climate and management conditions of the 

particular area.  The few genetic coefficients that describe each variety attempt to represent only the 

phenology or time of developmental phases (e.g., juvenile stage, flowering, physiological maturity) 

and the accumulation of dry mater in the different organs (e.g., roots, vegetative parts, and grain).  

The few coefficients do not attempt to represent the very large number of characteristics of each 

crop variety, such as response to pests and diseases. 
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Table 7.6.  Summary of steps for calibrating and validating crop models 

Step Concept/procedure Example 

1.  Calibrate crop 

phenology 

The crop developmental stage 

determines how the biomass is 

accumulated and to which organ of 

the plant is directed. 

Adjust the simulated dates on 

flowering and physiological maturity 

to field data. 

In the CERES-Maize model this is described by 

the coefficients P1 (thermal time from seedling 

emergence to the end of the juvenile phase); P2 

(extent to which development is delayed for each 

hour increase in photoperiod); and P5 (thermal 

time from silking to physiological maturity).   

By adjusting these coefficients the development 

of the crop can be adjusted to the development in 

the field.   

2.  Calibrate 

grain production 

The adequate rate and quantity of 

biomass accumulation determines 

final crop productivity. 

Adjust the simulated grain yield to 

field data. 

In the CERES-Maize model this is described by 

the coefficients G2 (maximum possible number 

of kernels per plant) and G3 (kernel filling rate 

during the linear grain filling stage and under 

optimum conditions). 

3.  Validate the 

calibrated model 

Ensure that the adjustment of crop 

model results with one experimental 

field dataset to represent a wider 

agricultural area.   

Test if the simulated crop flowering 

and maturity dates and grain yield 

represent farmers’ results.   

Well-calibrated models should always simulate 

correctly the dates of crop maturity.  Simulated 

yields may be higher than the ones observed in 

the farms, but they should represent the 

geographic variation of farm yields arising from 

different soils or management conditions.   

 

7.2.8 Economic tools 

Economic models are designed to estimate the potential impacts of climate change on production, 

consumption, income, GDP, employment, and farm value.  These may be only partial indicators of 

social welfare, however.  Not all social systems, households, and individuals (for example, smallholder 

farmers) may be appropriately represented in models that are based on producer and consumer theory.  

Many of the economic models used in impact analyses to date do not account for the climate-induced 

alterations in the availability of land and water for irrigation, although such important considerations 

can be included.  Studies and models based on market-oriented economies assume profit and utility 

maximizing behavior. 

Several types of economic approaches have been used for agricultural impact assessment.  The most 

useful of these are simple economic forecasting approaches (e.g., Benioff et al., 1996), which are 

forecasts based on a structured framework of available economic (production, consumption, and 

governing policies) and agricultural (production techniques and alternative crops) information.  These 

are generally simple techniques that can be used in most climate impact studies.   
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The following approaches can also be used, although they are relatively complicated and may be 

difficult, time consuming, or expensive to apply. 

Economic cross-sectional models.  One form of economic analysis is the use of spatial analogues, that 

is, cropping patterns in areas with climates similar to what may happen under climate change.  This 

Ricardian approach has been used in a number of applications (e.g., Mendelsohn et al., 1994, 1999).  

Economic models can be based on statistical relationships between climate variables and economic 

indicators.  An advantage of the approach is that farmer adaptation to local climate conditions is 

implicitly considered.  Among the disadvantages are that food prices and domestic farm output prices 

are considered constant, and that key factors that determine agricultural production, such as water 

availability and carbon fertilization, are not generally considered.   

Microeconomic models (farm level).  Microeconomic models are based on the goal of maximizing 

economic returns to inputs.  They are designed to simulate the decision-making process of a 

representative farmer regarding methods of production and allocation of land, labor, existing 

infrastructure, and new capital.  These farm models have most often been developed as tools for rural 

planning and agricultural extension, simulating the effects of changes in inputs (e.g., fertilizers, 

irrigation, credit, management skills) on farm strategy (e.g., cropping mix, employment).  They tend to 

be optimizing economic models using linear programming and require quite specific data and advanced 

analytic skills.  Many take a range of farm types representing those existing in a region and, for each of 

these types, simulate the mix of crops and inputs that would maximize farm income under given 

conditions.  These conditions can be varied (variation of weather, prices of crops, and fertilizers) and 

the appropriate farm response can be modeled.  Changes of climate, instead of variations of weather, 

can be input, and the farm-level response in output and income is then simulated. 

Household and village models.  In semicommercial economies it may be more appropriate to focus on 

the household or village as the unit of response.  Here the objective may be to secure a minimum level 

of income rather than to maximize income, and the focus of analysis should be on the strategies 

developed to reduce the negative effects of crop yield changes rather than increase the positive ones.  

Frequently referred to as coping strategies, these have been analyzed in particular detail in the context 

of risk of hunger (often related to drought).  As with farm models, those climate impact assessments 

that have included successful analyses on responses at the household and village level have tended to 

borrow from existing studies, adapting them to consider changes in climate rather than variations of 

weather.  For specific examples of their use in climate impact assessment in Kenya and India, see 

Akong’a et al.  cited in Parry et al.  (1998a) and Jodha cited in Gadgil et al.  (1988).  For a more general 

discussion, see Downing (1991).   

Macroeconomic models.  Macroeconomic models can be of a regional, national, or global agricultural 

economy.  For climate change purposes, the models allocate domestic and foreign consumption and 

regional production based on given perturbations of crop production, water supply, and demand for 

irrigation derived from biophysical techniques.  Population growth and improvements in technology are 

set exogenously.  These models measure the potential magnitude of climate change impacts on the 

economic welfare of both producers and consumers of agricultural goods.  The predicted changes in 

production and prices from agricultural sector models can then be used in general equilibrium models 

of the larger economy.  Adams et al.  (1990) and Fischer et al.  (2002) provide key examples of the use 

of macroeconomic models.   
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7.3 Information on Datasets  

Which data are available or not will frequently affect the type of climate impact assessment that is 

made, particularly if time and funds are limited.  Studies of the impacts of climate change on 

agriculture require a quantitative description of the exposure unit and the current (baseline) 

agricultural conditions in the study area.  Data are also needed for projecting future (reference case) 

conditions in the absence of climate change (e.g., projected increases in agricultural technology or 

fertilizer use).  Although specific data requirements will vary with the scope of the study and the 

method selected (this is discussed in more detail later), the groups of data generally be required and 

an orientation of the possible data sources are outlined in Table 7.7. 

7.4 Integrated Assessments 

One common feature of the different approaches to climate impact assessment is that they all have a 

geographical dimension.  Climate and its impacts vary over space, and this pattern of variation is 

likely to change as the climate changes.  These aspects are of crucial importance for policy makers 

operating at regional, national, or international scale because changes in resource patterns may affect 

regional equity, with consequent implications for planning.  Thus the geographical analysis of 

climatic changes and their impacts, where results are presented as maps, has received growing 

attention in recent years.  This trend has been paralleled by the rapid development of computer-

based GIS, which can be used to store, analyze, merge, and depict spatial information.  As computer 

power improves, the feasibility of conducting detailed modeling studies at a regional scale has been 

enhanced.  The main constraint is on the availability of detailed data over large areas, but 

sophisticated statistical interpolation techniques and the application of stochastic weather generators 

to provide artificial climatological data at a high time resolution may offer partial solutions.  An 

example of a GIS-integrated assessment tool for agricultural vulnerability and assessment is the 

FAO AEZ model (FAO, 1996, 2002).   

 

Table 7.7.  Summary of the datasets required and possible sources 

Dataset Possible sources Comments 

Experimental crop 

phenology and yield  

At the local level, experimental 

agricultural and extension services of most 

agricultural universities or ministries of 

agriculture 

Necessary to calibrate the agricultural 

models; two years of data is acceptable; 

associated data on crop management is 

required 

Yields for the crops to  

be studied  

At the local level, extension services of 

most ministries of agriculture 

Time series to evaluate natural yield 

variability 

Climate data Meteorological institutes; international 

organizations (e.g., FAO; National 

Oceanic and Atmospheric Administration) 

Time series to evaluate natural climate 

variability and to develop scenarios 

Soil characteristics Ministry of agriculture; international 

organizations (e.g., FAO) 

Include soil depth and texture to evaluate 

soil water holding capacity 
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Dataset Possible sources Comments 

Production (both  

regional and national 

statistics) 

At the regional level, agricultural 

yearbooks of the ministries of agriculture; 

international organizations  

Time series to evaluate natural 

production variability 

Crop management  At the local and regional levels, extension 

services of the ministries of agriculture; 

international organizations; stakeholder 

consultation 

Include crop sowing dates, crop varieties, 

labor, fertilizer and irrigation inputs 

Land use  Maps or digital from the ministries of 

agriculture or the environment; satellite 

data from international organizations 

Geographically explicit data necessary to 

enable spatial extrapolation from sample 

sites across the study area 

General socioeconomic 

data  

Ministry of agriculture; international 

organizations; stakeholder consultation 

Include the contribution of sample sites’ 

agricultural production to total output of 

the study area, percentage of working 

labor in the agricultural sector 

Other Stakeholder consultation Additional data may be needed for 

specific studies (for example, water 

irrigation requirements, rates of soil 

degradation and erosion 

 

7.5 Adaptation 

7.5.1 The choices for agricultural adaptation 

Historically agriculture has shown a considerable ability to adapt to changing conditions, whether 

from alterations in resource availability, technology, or economics.  Many adaptations occur 

autonomously and without the need for conscious response by farmers and agricultural planners.  It 

is likely, however, at least in some parts of the world and especially in developing countries, that the 

rate and magnitude of climate change will exceed that of normal change in agriculture and that 

specific technologies and management styles will need to be adopted to avoid the most serious 

effects.  As far as possible the response adjustments need to be identified along with their costs and 

benefits.  There is much to be gained from evaluating the capability that exists in currently available 

technology and the potential capability that can developed in the future.   

Although most adaptation to climate change will ultimately be characterized by responses at the 

farm level, encouragement of response by policy affects the speed and extent of adoption.  Most 

major adaptations may require 10 to 20 years to implement.  Two broad types of adaptation are 

considered here: farm-based adaptation and policy adaptation.  Farm-based adaptation includes 

changes in crops or crop management.  Table 7.8 outlines examples of farm-based adaptation 

measures that can be evaluated with the tools provided in this manual.  All measures may contribute 

to adapt to climate change but in many cases may have other negative effects, such as environmental 
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damage.  Policy based adaptation creates synergies with the farmers’ responses particularly in 

countries where education of the rural population is limited.  Agricultural research to test the 

robustness of alternative farming strategies and development of new crop varieties are also among 

the policy based measures with a potential for being effective in the future.   

7.5.2 Adaptation of vulnerable areas 

The adaptation capacity of the agriculture sector in developing countries is challenged in particular, 

because climate change comes in conjunction with high development pressure, increasing 

populations, water management that is already regulating most of available water resources, and 

agricultural systems that are often not adapted (anymore) to local conditions.  Evidence for limits to 

adaptation of socioeconomic and agricultural systems in many regions can be documented in recent 

history.  For example, water management schemes were not able to cope with sustained droughts or 

floods in the late 1990s and early 2000s in many countries, causing severe damage to agriculture and 

to vulnerable populations.  Effective measures to cope with long-term drought and water scarcity are 

limited and difficult to implement because of the variety of the stakeholders involved and the lack of 

adequate means to negotiate new policies.  Box 7.3 gives an example of how agricultural adaptation 

in Zimbabwe can be assessed. 

 

Table 7.8.  Farm-based adaptation measures, actions to implement them, and potential results 

Measure Action Potential result 

Choice of crop Drought of heat resistant  Reduction of risk of yield loss and reduction of irrigation 

requirements 

 Pest resistant  Reduce crop loss when climate conditions are favorable for 

increased weeds and pests 

 Quicker (or slower) 

maturing varieties 

Ensure maturation in growing season shortened by reduced 

moisture or thermal resources; maximization of yields under 

longer growing seasons 

 Altered mix of crops Reduction of overall production variability 

Tillage and time 

of operations 

Change planting date Match altered precipitation patterns 

 Terracing, ridging Increase moisture availability to plants 

 Land leveling Spread water and increase infiltration 

 Reduced tillage Reduction of soil organic matter losses, soil erosion, and 

nutrients 

 Deep ploughing Break up impervious layers or hardpan, to increase infiltration 



Agriculture 

Chapter 7, Page 19 of 20 

 

Measure Action Potential result 

 Change fallow and 

mulching practices 

Retain moisture and organic matter 

 Alter cultivations Reduce weed infestation 

 Switch seasons for 

cropping 

Change from spring to winter crops to avoid increased summer 

drought 

   

Crop husbandry Alter row and plant 

spacing 

Increase root extension to soil water 

 Intercropping Reduce yield variability, maximize use of moisture 

Irrigation and 

water harvesting 

Introduce new irrigation 

schemes to dryland areas 

Avoid losses due to drought 

 Improve irrigation 

efficiency 

Avoid moisture stress 

 Water harvesting Increase moisture availability 

Input of 

agrochemicals 

Vary amounts of fertilizer 

application 

Increase nitrogen to improve yield if more water is available; or 

decrease to minimize input costs 

 Alter time of application Match applications to (e.g.,) altered pattern of precipitation 

 Vary amount of chemical 

control  

Avoid pest, weed, and disease damage 
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Box 7.3.  Vulnerability and adaptation of maize production to climate change in Zimbabwe 

1.  Define problem.  Maize is the 

primary crop food in Zimbabwe, 

occupies about half of the total 

agricultural cropland, and is 

grown by all the farming sectors 

(about two-thirds by communal 

farmers and one-third by 

commercial farmers). 

 

2.  Assess biophysical and 

socioeconomic impacts.  All 

scenarios considered cause 

decreases in maize production. 

 

3.  Assess adjustments and 

adaptation strategies.  

Stakeholders proposed increased 

agricultural inputs and 

technology as strategies to 

decrease the risk of production 

under current and future climate. 

 

Source: Muchena, 1994. 
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8. Human Health  

8.1 Overview 

The health chapter of the IPCC TAR concluded that overall, climate change is projected to increase 
threats to human health, particularly in lower income populations and predominantly within 
tropical/subtropical countries (McMichael et al., 2001).  Three broad categories of health impacts 
are associated with climatic conditions: impacts that are directly related to weather/climate; impacts 
that result from environmental changes which occur in response to climatic change; and impacts 
resulting from consequences of climate-induced economic dislocation, environmental decline, and 
conflict.  The first two categories are often referred to as climate-sensitive diseases; these include 
changes in the frequency and intensity of thermal extremes and extreme weather events (i.e., floods 
and droughts) that directly affect population health, and indirect impacts that occur through changes 
in the range and intensity of infectious diseases and food- and waterborne diseases and changes in 
the prevalence of diseases associated with air pollutants and aeroallergens.  Table 8.1 summarizes 
the health effects of weather and climate. 

 

Table 8.1.  Summary of the health effects of weather and climate 

Health outcome Effects of weather and climate 

Cardiovascular, 
respiratory, and heat 
stroke mortality 

! Short-term increases in mortality during heat waves. 

! V- and J-shaped relationship between temperature and mortality in populations 
in temperate climates. 

! Deaths from heat stroke increase during heat waves. 

Allergic rhinitis ! Weather affects the distribution, seasonality, and production of aeroallergens. 

Respiratory and 
cardiovascular diseases 
and mortality 

! Weather affects concentrations of harmful air pollutants. 

Deaths and injuries,  

infectious diseases, 
and mental disorders 

! Floods, landslides, and windstorms cause death and injuries. 

! Flooding disrupts water supply and sanitation systems and may damage 
transport systems and health care infrastructure. 

! Floods may provide breeding sites for mosquito vectors and lead to outbreaks 
of disease. 

! Floods may increase post-traumatic stress disorders. 
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Health outcome Effects of weather and climate 

Starvation, 
malnutrition, and 
diarrheal and 
respiratory diseases  

! Drought reduces water availability for hygiene. 

! Drought increases the risk of forest fires, which adversely affects air quality 

! Drought reduces food availability in populations that are highly dependent on 
household agriculture productivity and/or economically weak.   

Mosquito, tick-borne 
diseases, and rodent-
borne diseases (such as 
malaria, dengue, tick-
borne encephalitis, and 
Lyme disease) 

! Higher temperatures shorten the development time of pathogens in vectors and 
increase the potential transmission to humans. 

! Each vector species has specific climate conditions (temperature and 
humidity) necessary to be sufficiently abundant to maintain transmission. 

Malnutrition and 
undernutrition 

! Climate change may decrease food supplies (crop yields and fish stocks) or 
access to food supplies. 

Waterborne and 
foodborne diseases 

! Survival of disease-causing organisms is related to temperature. 

! Climate conditions affect water availability and quality. 

! Extreme rainfall can affect the transport of disease-causing organisms into the 
water supply. 

Source: Kovats et al., 2003b. 

 

Realistically assessing the potential health impact of climate variability and change requires 
understanding both the vulnerability of a population and its capacity to respond to new conditions.  
The vulnerability of human health to climate change is a function of: 

• Sensitivity, which includes the extent to which health or the natural or social systems on 
which health outcomes depend are sensitive to changes in weather and climate (the 
exposure-response relationship) and the characteristics of the population, such as the 
level of development and its demographic structure 

• Exposure to the weather or climate-related hazard, including the character, magnitude, 
and rate of climate variation 

• Adaptation measures and actions in place to reduce the burden of a specific adverse 
health outcome (the adaptation baseline), the effectiveness of which determines in part 
the exposure-response relationship. 

Populations, subgroups, and systems that cannot or will not adapt are more vulnerable, as are those 
that are more susceptible to weather and climate changes.  Understanding a population’s capacity to 
adapt to new climate conditions is crucial to realistically assessing the potential health effects of 
climate change.  In general, the vulnerability of a population to a health risk depends on factors such 
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as population density, level of economic development, food availability, income level and 
distribution, local environmental conditions, health status, and the quality and availability of health 
care.  These factors are not uniformly distributed across a region or country or across time and differ 
based on geography, demography, and socioeconomic factors.  Effectively targeting prevention or 
adaptation strategies requires understanding which demographic or geographical subpopulations 
may be most at risk and when that risk is likely to increase.  Thus, individual, community, and 
geographical factors determine vulnerability. 

The cause-and-effect chain from climate change to changing disease patterns can be extremely 
complex and includes many nonclimatic factors such as wealth, distribution of income, provision of 
medical care, and access to adequate nutrition, clean water, and sanitation.  Therefore, the severity 
of impacts actually experienced will be determined not only by changes in climate but also by 
concurrent changes in nonclimatic factors and by the adaptation measures implemented to reduce 
negative impacts. 

8.2 Methods and Tools 

A variety of methods and tools are available to assess climate change vulnerability in the health 
sector; few, however, are available on CD-ROM or can be downloaded from a website.  Both 
quantitative and qualitative approaches have been taken within national assessments of the potential 
health impacts of climate change.  The three key issues to be addressed are (1) estimating the current 
distribution and burden of climate sensitive diseases, (2) estimating the future health impacts 
attributable to climate change, and (3) identifying current and future adaptation options to reduce the 
burden of disease.  Guidance and direction for each issue are discussed briefly. 

Estimating the current distribution and burden of climate-sensitive diseases 

Estimating possible future health impacts of climate change must be based on an understanding of 
the current burden and recent trends in the incidence and prevalence of climate-sensitive diseases, 
and of the associations between weather/climate and the health outcomes of concern.  Box 8.1 lists 
some sources that summarize the current burden of climate-sensitive diseases.  In most countries, 
the ministry of health, hospitals, and similar sources can provide data on disease incidence and 
prevalence on scales needed for analysis.  These sources also can provide information on whether 
current health services are satisfying demand.  The current associations between climate and disease 
need to be described in ways that can be linked with climate change projections.  The associations 
can be based on routine statistics collected by national agencies or on published literature (see Box 
8.2 on data sources).  Adverse health outcomes associated with interannual climate variability such 
as El Niños also could be considered (Kovats et al., 2003b). 
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Box 8.1.  Information on the potential health impacts of and adaptation to climate change. 

Climate Change and Human Health, 2003, edited by A.J.  McMichael, D.  Campbell-Lendrum, C.  
Corvalan, K.L.  Ebi, A.  Githeko, J.  Scheraga, and A.  Woodward, summarizes recent research on how 
weather/climate affect health (summary PDF available at 
http://www.who.int/globalchange/publications/cchhsummary/).  The complete publication is available 
from the WHO bookstore for $18. 

Human Health, by A.  McMichael, A.  Githeko, R.  Akhtar, R.  Carcavallo, D.  Gubler, A.  Haines, et 
al.  In Climate Change 2001: Impacts, Adaptation, and Vulnerability.  Contribution of Working Group 
II to the Third Assessment Report of the Intergovernmental Panel on Climate Change, edited by J.J.  
McCarthy, O.F. Canziani, N.A.  Leary, D.J.  Dokken, K.S.  White.  Cambridge University Press 2001, 
pp.  451-485. 

Methods of Assessing Human Health Vulnerability and Public Health Adaptation to Climate Change, 

2003b, by R.S.  Kovats, K.L.  Ebi, and B.  Menne (PDF available at 
http://www.who.dk/document/E81923.pdf), summarizes methods to address all three issues, with 
separate chapters on each of the major health outcomes.   

Integration of Public Health with Adaptation to Climate Change: Lessons Learned and New Directions, 
edited by K.L.  Ebi, J.B.  Smith, I.  Burton, Taylor & Francis, 2005.   

Box 8.2.  Data sources. 

World Health Report provides regional level data for all major diseases 

– http://www.who.int/whr/en 
– Annual data in Statistical Annex 

WHO databases 

– Malnutrition http://www.who.int/nutgrowth/db 
– Water and sanitation http://www.who.int/entity/water_sanitation_health/database/en 

Ministry of Health 

– Disease surveillance/reporting branch 

UNICEF 

– http://www.unicef.org 

CRED-EMDAT provides data on disasters 

– http://www.em-dat.net 
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Estimating the future potential health impacts attributable to climate change 

Once the current burden of disease is described, models of climate change or qualitative expert 
judgments on plausible changes in temperature and precipitation over a particular time period can be 
used to estimate future impacts.  Health models can be complex spatial models or can be based on a 
simple relationship between exposure and response.  Models of climate change should include 
projections of how other relevant factors could change in the future, such as population growth, 
income, fuel consumption, and other relevant factors.  Projections from models developed for other 
sectors can be incorporated, such as projections for flood risk, changes in food supply, and land use 
changes. 

The exercise of attributing a portion of a disease burden to climate change is in its early infancy.  
Analysis should consider both the limits of epidemiologic evidence and the ability of the model to 
incorporate the nonclimatic factors that also determine a health outcome.  For example, the portion 
of deaths due to natural climatic disasters that can be attributed to climate change will reflect the 
degree to which the events can be related to climate change.  For vector-borne diseases, other factors 
such as population growth and land use may be more important drivers of disease incidence than 
climate change.   

Three sets of approaches are described: (1) comparative risk assessment, (2) disease-specific 
models, and (3) qualitative assessment. 

8.2.1 Comparative risk assessment 

As part of the WHO Global Burden of Disease project, D.  Campbell-Lendrum, C.  Corvalan, and A.  
Pürss-Üstün estimated how much disease climate change can cause globally using comparative risk 
assessment methods (summarized in Chapter 7 of 
http://www.who.int/globalchange/publications/cchhsummary/).  Additional information on using the 
comparative risk assessment to estimate the burden of climate-sensitive diseases on regional and 
local scales is described in the WHO publication Introduction and Methods: Assessing the 

Environmental Burden of Disease at National and Local Levels by A.  Pruss-Ustun, C.  Mathers, C.  
Corvalan, and A.  Woodward 
(http://www.who.int/quantifying_ehimpacts/publications/9241546204/en/index.html).   

The project used standardized methods to quantify disease burdens attributable to 26 environmental, 
occupational, behavioral, and life-style risk factors in 2000 and at selected future times up to 2030.  
The disease burden is the total amount of disease or premature death within the population.  
Comparing fractions of the disease burden attributable to several different risk factors requires (1) 
knowledge of the severity/disability and duration of the health deficit, and (2) the use of standard 
units of health deficit.  For this purpose, the project used the disability-adjusted life year (DALY) 
(Murray, 1994), which is the sum of: 

• Years of life lost due to premature death (YLL) 

• Years of life lived with disability (YLD). 

YLL takes into account the age at death; YLD takes into account disease duration, age of onset, and 
a disability weight reflecting the severity of disease. 
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Comparing the attributable burdens for specific risk factors required knowledge of (1) the baseline 
burden of disease, absent the particular risk factor, (2) the estimated increase in risk of disease/death 
per unit increase in risk factor exposure (the “relative risk”), and (3) the current or estimated future 
population distribution of exposure.  The avoidable burden was estimated by comparing projected 
burdens under alternative exposure scenarios. 

The global assessment used WHO estimates of the baseline burden of climate-sensitive diseases 
(diseases included were cardiovascular deaths associated with thermal extremes, diarrhea episodes, 
cases of malaria, malnutrition, and deaths in natural disasters).  Existing and new models were used 
to quantify the effect of climate variations on each of these outcomes (the relative risk), taking into 
account adaptation to changing conditions and potentially protective effects of socioeconomic 
development.  The HADCM2 climate model produced by the UK Hadley Center gave the 
population distribution of exposure; this model describes future climate under various scenarios of 
GHG emissions.  Climate change was expressed as the change in climatic conditions relative to 
those observed in the reference period 1961-1990. 

Disease burdens were estimated for five geographical regions and for developed countries.  The 
attributable disease burden was estimated for 2000.  The climate-related relative risks of each health 
outcome under each climate change scenario, relative to the situation if climate change does not 
occur, were estimated for 2010, 2020, and 2030.  The results give a first indication of the potential 
magnitude and distribution of some of the health effects of climate change. 

Taking a comparative risk assessment approach requires data on the burden of climate-sensitive 
diseases, exposure-response relationships for these diseases across a range of ambient temperatures 
(and other weather variables), and the ability to link these with population, climate, and 
socioeconomic scenarios.  Therefore, this approach may be difficult to apply where data or expertise 
in these methods are limited. 

8.2.2 Disease-specific models 

Predictive models of the health impacts of climate change use different approaches to classify the 
risk of climate-sensitive diseases.  For malaria, results from predictive models are commonly 
presented as maps of potential shifts in distribution attributed to climate change.  The models are 
typically based on climatic constraints on the development of the vector and parasite; they produce 
maps that identify potential geographic areas of risk, but do not provide information on the number 
of people who may be at risk within these areas.  Few predictive models incorporate adequate 
assumptions about other determinants of the range and incidence of disease, such as land use change 
or prevalence of drug resistance for malaria, or about adaptive capacity.   

MARA/ARMA 

Malaria is a disease caused by four different strains of Plasmodium carried by a variety of 
Anopheles mosquitoes.  The most serious form of malaria is caused by Plasmodium falciparum.  
Approximately 48% of the world population remains exposed to the risk of malaria.  Currently, 
there are about 515 million episodes of malaria each year, with 70% of episodes of clinical 
Plasmodium falciparum in Africa and about 25% in Southeast Asia (Snow et al., 2005).  High 
population growth rates in Africa will increase the burden of malaria for at least the next several 
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decades.  Further, there is evidence that malaria is becoming more difficult to control and that the 
intensity of malaria transmission is increasing.   

A country-level model was developed to show how the range of stable falciparum malaria in 
Zimbabwe could change under different climate change scenarios (Ebi et al., in press).  Zimbabwe 
was chosen because it has areas where the climate is suitable for endemic malaria transmission, 
areas where transmission is absent, and areas where the climate is occasionally suitable, resulting in 
epidemics.  The model was based on MARA/ARMA (Mapping Malaria Risk in Africa/Atlas du 
Risque de la Malaria en Afrique), which mapped and modeled the current distribution of malaria in 
sub-Saharan Africa (http://www.mara.org.za).  The website contains prevalence and population data 
and regional and county-level maps.   

MARA/ARMA uses three variables to determine climatic suitability for a particular geographic 
location: mean monthly temperature, winter minimum temperature, and total cumulative monthly 
precipitation.  The MARA/ARMA decision rules were developed using fuzzy logic to resolve the 
uncertainty in defining distinct boundaries to divide malarious from nonmalarious regions.  
Temperature is a major factor determining the distribution and incidence of malaria.  Temperature 
affects both the Plasmodium parasite and the Anopheles mosquito, with thresholds at both 
temperature extremes limiting the survival or development of the two organisms.  Anopheles must 
live long enough to bite an infected person, allow the parasite to develop, and then bite a susceptible 
human.  The lower temperature threshold of 18°C is based on the time required for parasite 
development and length of mosquito survivorship at that temperature; below 18°C few parasites can 
complete development within the lifetime of the mosquito.  The mosquito survivorship rate peaks at 
31°C.  At this point, less than 40% of the mosquitoes survive long enough for the parasite to 
complete its development cycle.  As temperatures rise above 32°C, the mosquito’s probability of 
survival decreases.  Higher temperatures, however, enable the mosquitoes to digest blood meals 
more rapidly, which in turn increases the rate at which they bite.  This increased biting rate coupled 
with faster development of the parasite leads to increased infective bites for those mosquitoes that 
do survive.  The upper temperature threshold for both mosquitoes and larvae to survive is 40°C.   

The COSMIC program was used to generate Zimbabwe-specific scenarios of climate change that 
were then used as inputs to MARA/ARMA to generate maps of future transmission potential.  The 
same approach can be applied in other countries covered by MARA/ARMA as long as a geographic 
information system is available.  Data from MARA/ARMA are readily available and the COSMIC 
program is free (although other sources can be used to create the climate change scenarios; see 
Chapter 4).  A major limitation of the model is that it includes only climate and not other drivers of 
malaria transmission, including land use change and drug resistant parasites.  The output is maps of 
future transmission potential, not projected numbers of cases.   
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MIASMA 

MIASMA (Modeling Framework for the Health Impact Assessment of Man-Induced Atmospheric 
Changes) includes modules for (1) vector-borne diseases, including malaria, dengue fever, and 
schistosomiasis; (2) thermal heat mortality; and (3) ultraviolet (UV)-related skin cancer due to 
stratospheric ozone depletion.  The models are driven by both population and climate/ atmospheric 
scenarios, applied across baseline data on disease incidence and prevalence, climate conditions, and 
the state of the stratospheric ozone layer.  Outputs are (1) for vector-borne disease modules: cases 
and fatalities from malaria, and incident cases for dengue fever and schistosomiasis; (2) for the 
thermal stress module: cardiovascular, respiratory, and total mortality; and (3) for skin cancer 
module: malignant melanoma and nonmelanoma skin cancer.   

Climate input is module or disease specific.  For the vector-borne diseases, maximum and minimum 
temperature and rainfall are required, as well as other baseline data determined by local experts.  For 
example, for malaria it would help to know the level of partial immunity in the human population 
and the extent of drug resistant malaria in the region.  For thermal stress, maximum and minimum 
temperatures are required.  For skin cancer, the column loss of the stratospheric ozone over the site 
is required to determine the level of UV-B radiation potentially reaching the ground.   

MIASMA is available from Dr.  Pim Martens, ICIS, P.O.  Box 616, 6200 MD Maastricht, The 
Netherlands; e-mail: p.martens@icis.unimaas.nl. 

CIMSiM and DENSiM 

These models are designed to determine the risk of dengue fever.  CIMSiM is a dynamic life-table 
simulation entomological model that produces mean-value estimates of various parameters for all 
cohorts of a single species of Aedes mosquito within a representative area (Focks et al., 1993a, 
1993b).  Because microclimate is a key determinant of vector survival and development for all 
stages, CIMSiM contains an extensive database of daily weather information.  DENSiM is focused 
on current control measures and requires field surveys to validate some of the data.  DENSiM 
(Focks et al., 1995) is essentially the corresponding account of the dynamics of a human population 
driven by country- and age-specific birth and death rates.  The entomological factors passed from 
CIMSiM are used to create the biting mosquito population.  An infection model accounts for the 
development of virus within individuals and its passage between the vector and human populations.   

Inputs into DENSiM are a pupal/demographic survey to estimate the productivities of the various 
local water-holding containers, and daily weather values for maximum/minimum temperature, 
rainfall, and saturation deficit.  The parameters estimated by DENSiM include demographic, 
entomologic, serologic, and infection information on a human age-class and/or time basis. 

The DENSiM and CIMSiM models are available from Dr.  Dana A.  Focks, Infectious Disease 
Analysis, P.O.  Box 12852, Gainesville, FL 32604 USA; e-mail: DAFocks@ID-Analysis.com.   

8.2.3 Qualitative assessment 

Potential future health risks of climate change can be estimated from knowledge of the current 
burden of climate-sensitive diseases, the extent of control of those diseases, and how temperature 
and precipitation can affect the range and intensity of disease.  For example, is highland malaria a 



Human Health  

Chapter 8, Page 9 of 14 

current problem? What is the extent of that problem? How well is the disease controlled during 
epidemics? How could the burden of disease be affected if temperature increased so that the vector 
moved up the highlands? Similarly, future risks can be estimated from relationships used in the 
WHO Global Burden of Disease project.   

8.3 Identifying Current and Future Adaptation Options to Reduce the 
Burden of Disease 

Adaptation includes the strategies, policies, and measures undertaken now and in the future to 
reduce potential adverse health effects.  Individuals, communities, and regional and national 
agencies and organizations will need to adapt to health impacts related to climate change (Adger et 
al., 2005).  At each level, options will range from incremental changes in current activities and 
interventions, to translation of interventions from other countries/regions to address changes in the 
geographic range of diseases, to development of new interventions to address new disease threats.  
The degree of response will depend on factors such as who is expected to take action; the current 
burden of climate-sensitive diseases; the effectiveness of current interventions to protect the 
population from weather- and climate-related hazards; projections of where, when, and how the 
burden of disease could change as the climate changes (including changes in climate variability); the 
feasibility of implementing additional cost-effective interventions; other stressors that could increase 
or decrease resilience to impacts; and the social, economic, and political context within which 
interventions are implemented (Yohe and Ebi, 2005; Ebi and Burton, submitted).   

Because climate change will continue for the foreseeable future and because adaptation to these 
changes will be an ongoing process, active management of the risks and benefits of climate change 
needs to be incorporated into the design, implementation, and evaluation of disease control 
strategies and policies across the institutions and agencies responsible for maintaining and 
improving population health.  In addition, understanding the possible impacts of climate change in 
other sectors could help decision-makers identify situations where impacts in another sector such as 
water or agriculture could adversely affect population health. 

For each health outcome, the activities and measures that institutions, communities, and individuals 
currently undertake to reduce the burden of disease can be identified from (1) review of the 
literature; (2) information available from international and regional agencies (WHO, the Pan 
American Health Organization, UNEP, and others) and national health and social welfare authorities 
(ministries of health); and (3) consultations with other agencies and experts that deal with the 
impacts of the health outcome of concern.  Ideally, the effectiveness of adaptation measures should 
be evaluated.   

Many of the possible measures for adapting to climate change lie primarily outside the direct control 
of the health sector.  They are rooted in areas such as sanitation and water supply, education, 
agriculture, trade, tourism, transport, development, and housing.  Intersectoral and cross-sectoral 
adaptation strategies are needed to reduce the potential health impacts of climate change. 

A policy analysis can determine the feasibility of and priorities among these options.  When 
identifying specific measures to implement, it is often informative to list all potential measures, 
without regard to technical feasibility, cost, or other limiting criteria; this is the theoretical range of 
choice (White, 1961).  It is a comprehensive listing of all the measures that have been used 
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anywhere, new or untried measures, plus other measures that can only be imagined.  The list can be 
compiled from a canvass of current practice and experience, from a search for measures used in 
other jurisdictions and in other societies, and from a brainstorming session with scientists, 
practitioners, and affected stakeholders on measures that might be options in the future.  Listing the 
full range of potential measures provides policy-makers with a picture of measures that could be 
implemented to reduce a climate-related risk, and which choices are constrained because of a lack of 
information or research, as a consequence of other policy choices, etc.  (Ebi and Burton, submitted).   

Using malaria as an example, the theoretical range of choice would include measures to improve 
vector control by eliminating mosquito breeding sites, measures to improve disease surveillance, 
development of an early warning system based on weather and environmental variables, 
development of a malaria vaccine, and genetic engineering of mosquitoes to prevent replication of 
the malaria pathogen.  Genetic engineering has not yet been achieved, but could be possible with 
additional research funding and so remains a theoretical possibility.   

The next step is to screen the theoretical range of choice to determine which measures are 
achievable for a particular community or country over a particular time period (Ebi and Burton, 
submitted).  Five criteria can be used to determine which theoretical choices are practical: technical 
feasibility, effectiveness, environmental acceptability, economic viability, and social and legal 
acceptability.  After this screening process, some measures will remain available or open, and others 
will be eliminated or blocked in the immediate term.  This does not mean that they will be 
unavailable in the future; the fact that a theoretical choice is blocked may be an incentive to find 
ways of removing the constraint by carrying out research to create a new vaccine, changing laws, or 
educating the public about the benefits of a practice that is considered culturally unacceptable.  
Those that are open constitute the currently available practical range of choice. 

Once the measures have been narrowed to practical choices, additional data collection and analysis 
are required to provide policy makers with a basis for prioritizing which measures to implement.  
This information will then be used by the responsible authorities and by civil society, particularly 
those likely to be affected by the policy choice, to make the final determinations.  Five additional 
criteria are suggested to facilitate selection of priorities and to aid formulation of public health 
policies, measures, and settings: magnitude of the event or intensity of the experience, technical 
viability, financial capacity, human skills and institutional capacity, and compatibility with current 
policy (Ebi and Burton, submitted).  This list of criteria is not comprehensive.  There may be other 
criteria that policy makers may wish to take into account.   

Completion of the policy analysis should result in recommendations of measures that could be 
abandoned, modified, or introduced.  Tables 8.2 and 8.3 provide a theoretical example for malaria.  
In this example, there is a range of choices to offer policymakers for how to decrease the burden of 
malaria.  Given the complexity of malaria, no one approach will be completely effective.  The extent 
to which each option is implemented will depend on human and financial resources, availability of 
suitable infrastructure for implementation, the extent to which outside programs, such as Roll Back 
Malaria, are addressing each option, etc. 

Table 8.4 lists some general adaptation options designed to increase resilience to climate-related 
health impacts, and Table 8.5 lists the potential health impacts of general adaptation responses in 
various sectors. 
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Table 8.2.  Screening the theoretical range of response options – malaria 

Theoretical range  

of choice 

Technically 

feasible? 

Effective 

to address 

health 

outcome? 

Environmentally 

acceptable? 

Financially 

feasible? 

Socially and 

legally 

acceptable? 

Closed/open 

(practical 

range of 

choice) 

Improve public health 
infrastructure, 
monitoring and 
evaluation programs 

Yes Low Yes Sometimes Yes Open 

Forecasting and early 
warning based on 
El Niño-Southern 
Oscillation (ENSO) 
and weather conditions 

Yes Medium Yes Often Yes Open 

Public information and 
education/ awareness 
campaigns 

Yes Low Yes Yes Yes Open 

Control of vector 
breeding sites 

Yes Yes Spraying – no Yes Sometimes Open 

Impregnated bed nets Yes Yes Yes Yes Yes Open 

Malaria prophylaxis Yes Yes Yes Only for the 
few 

Yes Closed for 
the many 

Vaccination No     Closed 
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Table 8.3.  Analysis of the practical range of response options – malaria 

Practical range of 

choice  

Technically 

viable? 

Financial 

capability? 

Human skills and 

institutional 

capacity? 

Compatible 

with current 

policies? 

Target of 

opportunity? 

Improve public health 
infrastructure, 
monitoring and 
evaluation programs 

 Yes Low Low Yes Yes 

Forecasting and early 
warning based on ENSO 
and weather conditions 

 Yes Yes Yes Yes Yes 

Public information and 
education/awareness 
campaigns 

 Yes Yes Sometimes Yes Yes 

Control of vector 
breeding sites 

 Yes Sometimes Sometimes Yes Yes 

Impregnated bed nets  Yes Sometimes Yes Yes Yes 

Malaria prophylaxis  Yes Sometimes Yes Yes Yes 
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Table 8.4.  Adaptation options to reduce the potential health impacts of climate change 

Adaptation option Level 

No.  of people 

that benefit Feasibility Barriers Cost 

Interagency cooperation G, R, N +++ ++ ++ + 

Reduction of social vulnerability N,L +++ + ++ + 

Improvements of public health infrastructure N,L ++ + + ++ 

Early warning and epidemic forecasting  L ++ ++ + + 

Support for infectious disease control N,L ++ +++ + + 

Monitoring and surveillance of 
environmental, biological and health status  ++ +++   

Integrated environmental management L + ++ + ++ 

Urban design (including transport systems) L + + ++ ++ 

Housing, sanitation, water quality L + + + + 

Specific technologies (e.g., air conditioning) L + +++ + + 

Public education L +++ +++ + + 

G = global, N = national, L = local. 

Source: McMichael et al., 2000.   

 

Table 8.5.  Potential health impacts of various adaptation responses 

Global change 

factor Sector Adaptive response Health effect 

Change in local 
temperature 

Buildings Increased coolinga  Increased energy demand 
leading to air pollution and other 
hazards from energy supply 

 Transport  Increased coolinga  As above  

 Energy supply Increased energy demand due to 
lowered efficiency of thermal 
conversion devices, e.g., power plantsa 

As above 
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Global change 

factor Sector Adaptive response Health effect 

Change in local 
precipitation 

Water supply Build large hydro schemes to transport 
water 

Vector-borne and parasitic 
disease, accident, and population 
displacement risks. 

 Land use Shift populations  Impacts of social and economic 
disruption 

Change in sea  
level 

Land use Shift populations Impacts of social and economic 
disruption 

Note: magnitude of impact will depend on details of the particular responses taken. 
a.  Technological adaptations with potential positive feedback, i.e., leading to even larger GHG emissions. 

Source: McMichael et al., 2000. 
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9. Integration 

Climate change impacts do not happen in isolation from each other.  What happens in one sector or 
region can affect other sectors or regions.  Indeed, impacts that are the result of a climate impact on 
another sector, region, or population can be as important as the direct effects of climate change.  For 
example, irrigated agriculture could be more sensitive to reduced deliveries of water for irrigation if 
climate change resulted in a decline in runoff than to the effect of higher temperatures on crop 
yields.  It may be important for policy makers and other stakeholders to understand how a sector, 
community, region, or nation could be affected in total by climate change, and what the total 
economic impact may be.  This can be useful to understand the severity of climate change, to set 
policy goals for adaptation and mitigation, and to understand how climate change could affect 
sustainable development (e.g., meeting Millennium Development Goals).  In addition, it may be 
important to know how different sectors, regions, or populations compare in terms of relative 
vulnerability to help set priorities for adaptation.   

Two types of integration are briefly covered in this chapter.  One, cross-sectoral integration, 
involves integrating impacts across related sectors.  These are sectors that can be directly affected by 
climate change and by climate change impacts in other sectors.  Cross-sectoral integration involves 
examining sectors that are interrelated, such as water resources and agriculture.  For example, 
human health can be directly affected by increased temperature extremes, which can cause heat 
stress.  It can also be affected by changes in water resource management.  For example, cisterns and 
other devices used to capture rainfall can also be breeding grounds for mosquitoes that can transmit 
disease. 

The second type of integration, multisector integration, involves combining results across all 
impacts in all sectors.  The point of this is to estimate the total effects of climate change or to 
compare relative impacts and vulnerabilities across sectors.  This involves examining impacts across 
sectors using a common method to sum, compare, or contrast results.  This is essentially a synthesis 
of results.  Note though that such integration often involves examining sectors that may not be 
closely related, i.e., where vulnerability in one sector can be analyzed independent of vulnerability 
in another sector. 

The two types of integration can be complicated and can involve a substantial amount of work to 
address in a national communication, particularly if quantitative integration is involved.  But the 
work can be worth the effort because integration can also yield important and interesting results and 
insights.  Given the difficulty of quantitative integration, we recommend that, at a minimum, 
qualitative integration be conducted. 

9.1 Cross-Sectoral Integration 

Both qualitative and quantitative methods can be used for cross-sectoral integration.  Both methods 
are briefly discussed. 

9.1.1 Qualitative cross-sectoral integration 

Qualitative methods involve identifying linkages and at the least the direction of impacts.  These 
rely on application of expert judgment, which requires understanding of sectors and linkages.   
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Table 9.1 shows a simple example for agriculture and water resources.  The arrows indicate the 
direction of change in impacts on a particular sector.  A down arrow next to agricultural production 
means that agricultural production decreases; a down arrow next to human health means that human 
health can decline.  A drier climate reduces water supplies, which can result in reduced water 
supplies for agriculture.  At the same time, a drier climate can result in reduced crop yields and 
increased water demand for agriculture.   

 

Table 9.1.  Simple integration of climate change impacts 

Climate change First order impacts Second order impacts Responses/feedbacks 

Drier climate Water supply ! Agricultural production ! Increased demand for water for 
irrigation, potentially further reducing 
water supplies. 

Wetter climate Vegetation cover "  

Standing water " 

Human health "  Wetter conditions improve potential 
for disease transmission.  One possible 
response is increased use of pesticides, 
which has the potential to harm natural 
vegetation. 

 

In contrast, a wetter climate can result in more favorable conditions for disease transmission, which 
could adversely affect human health.  Among the potential responses are increased applications of 
pesticides, which can adversely affect the environment and human health.   

Simple qualitative tables such as these can be useful for identifying linkages among sectors, but 
cannot quantify how the climate change impacts in one sector may affect another sector.   

Another way of displaying such relationships is through figures.  Figures make it easier to see how 
sectors can affect each other.  Figure 9.1 is an example of a figure displaying the links between 
sectors. 

We recommend using such tables or figures to identify linkages among related sectors.  These 
figures can serve as a map for modeling linkages.  Even if it is not feasible to model linkages, the 
figures can help analysts and stakeholders identify and think through the cross-sectoral implications 
of climate change. 

9.1.2 Quantitative cross-sectoral integration 

Quantitative integration involves linking models for related sectors or applying models that integrate 
across sectors.  One approach is to tie together two or more models of related sectors.  This requires 
that outputs of one model feed into another model, so common variables expressed at common 
spatial and temporal units are used.  Often, transformations are necessary.  Linking two models that 
may not have been built to integrate with each other can be challenging. 

One form of quantitative sectoral linkage builds on models discussed in this handbook.  The water 
chapter (Chapter 6) discusses models that integrate supply and demand.  In particular, the WEAP 
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model was designed to be used to integrate water supply and demand in different settings.  Among 
its modules are ones that calculate surface and groundwater runoff.  The agriculture chapter 
discusses crop models that estimate changes in yields and water demand (see Chapter 7).  The 
CERES models can be used to estimate changes in crop water needs (i.e., how much water a field 
needs, whether from precipitation or irrigation).  CROPWAT and WEAP can use the information on 
crop water needs from the CERES models to estimate change in regional demand for irrigation, with 
CROPWAT focusing on the design and management of local irrigation schemes.  WEAP can use 
changes in crop water requirements to estimate irrigation demands in a watershed context while 
incorporating changes in socioeconomic factors such as population, economic growth, and 
technology to estimate the effect of those changes on water demand.   

WEAP integrates the socioeconomic changes along with the climate change impacts on water 
supply and demand to project how much water irrigation would be available, given changes in 
supply and other demands (which could also be estimated or for the sake of simplicity assumed to 
remain unchanged).  The change in irrigation water supply could be used in the CERES models to 
estimate change in crop yields.  These models have been used to examine integrated impacts of 
climate change on water resources and agriculture in several regions around the world (Strzepek et 
al., 1999; Rosenzweig et al., 2004). 

Figure 9.2 displays the WEAP-CERES-CROPWAT relationship. 

 

 

Figure 9.2.  Water resources and agriculture integration using WEAP, CERES, and CROPWAT. 
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Another approach is to apply models that integrate related sectors across part of an economy.  As 
opposed to linking models that were built separately, these integrated models were built to analyze 
multiple sectors and interactions between them.  An example is the use of the Egyptian Agricultural 
Sectoral Model (EASM) to examine how changes in water supplies, available land, and crop yields 
would affect agricultural production in Egypt (Yates and Strzepek, 1998).  Egyptian agricultural 
production would be affected by direct effects of climate change on crop yields and demand for 
irrigation and indirectly affected by changes in water supply (flow of the Nile) and arable land (sea 
level rise inundating agricultural lands in the Nile Delta).  The analysis found that changes in water 
supply could have a much greater impact on agricultural production than changes in crop yields or 
availability of land. 

This example illustrates the value of integrated assessment.  It is not so much about providing 
specific numbers as identifying and assessing interactions and the relative importance of 
relationships among different sectors.  The Egypt example points out that change in water supply 
could be the most critical factor affecting Egyptian agriculture; it would be more difficult to come to 
this conclusion by examining agriculture in isolation from other related impacts.  Such information 
can be important for identifying the source of vulnerability to climate change and addressing 
adaptation. 

9.2 Multisector Integration  

The purpose of multisector integration is to help understand how a society as a whole might be 
affected by climate change.  It is intended to help understand the breadth of climate change impacts 
(e.g., what sectors, regions, populations might be affected) and the potential severity of impacts 
[e.g., how many people could be harmed, how much might economic output (GDP) be changed]. 

To be effectively applied, multisector integrations need to be as comprehensive as possible, 
i.e., covering as many affected sectors, regions, and populations as possible.  In addition, it is 
helpful, although not necessary, that a common metric be used.  A common metric such as the 
number of people affected or monetary impact allows for direct comparison of magnitude and 
summing of impacts across sectors.   

If use of a common metric is not possible, even a list of affected sectors using different metrics or 
qualitative scaling of impacts (see multicriteria discussion in Chapter 10) can be a useful 
communication tool.  Such a qualitative (or virtual qualitative) approach to integration may be the 
simplest form of integration, but it can also be quite informative. 

There are both relatively simple and more complex methods for quantitatively combining results 
across many sectors, regions, or affected groups. 

Simple quantitative integration involves listing of impacts using a common metric, which is often 
monetary units.  This is particularly appropriate for economic sectors because they place a monetary 
value on goods and services.  Results from noneconomic sectors such as human health or 
biodiversity can be expressed in monetary terms, but because these sectors are not market sectors 
(they are not typically traded in markets), such monetary valuations can be complicated to develop, 
involve much uncertainty, and may not be meaningful to all potential users of results.   
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Table 9.2 gives examples of estimates of sectoral climate change damages for the United States.  
Results for the United States are presented because many of the sectoral estimates are based on 
sectoral studies done for the nation.  Many of the estimates of sectoral damages in the table, 
however, were based on the judgment of the authors.  In contrast, to date, there are no 
comprehensive estimates of sectoral impacts of climate change on developing countries based on 
studies of impacts within the country.  Some estimates are available [e.g., Nordhaus and Boyer 
(2000) estimate sectoral impacts for India and China; and Mendelsohn et al.  (2000) estimate 
country by country net economic impacts], but these are essentially extrapolations of analyses in 
developed countries. 

 

Table 9.2.  Estimates of economic impacts of climate change on the United States (billions 1990 U.S.  dollars) 

 Cline, 1992 

(2.5°C) 

Fankhauser, 1995 

(2.5°C) 

Nordhaus, 1994 

(3°C) 

Titus, 1992 

(4°C) 

Tol, 1995 

(2.5°C) 

Agriculture 17.5 3.4 1.1 1.2 10.0 

Forest loss 3.3 0.7 
a
 43.6 

a
 

Species loss 4.0 1.4 
a
 

a
 5.0 

Sea level rise 7.0 9.0 12.2 5.7 8.5 

Electricity 11.2 7.9 1.1 5.6 
a
 

Non-electric heating -1.3 
a
 

a
 

a
 

a
 

Mobile air conditioning 
a a

 
a
 2.5 

a
 

Human amenity 
a
 

a, b
  

a
 12.0 

Human mortality and 
morbidity 5.8 11.4

b
  9.4 37.4 

Migration 0.5 0.6
b
  

a
 1.0 

Hurricanes 0.8 0.2
b
  

a
 0.3 

Leisure activities 1.7 
a, b

  
a
 

a
 

Water supply      

Availability 7.0 15.6
b
  11.4 

a
 

Pollution 
a
 

a, b
  32.6 

a
 

  
 

 
  

Table 9.2.  Estimates of economic impacts of climate change on the United States (billions 1990 U.S.  dollars) 

(cont.) 

 Cline, 1992 Fankhauser, 1995 Nordhaus, 1994 Titus, 1992 Tol, 1995 



Integration 

 

Chapter 9, Page 6 of 8 

(2.5°C) (2.5°C) (3°C) (4°C) (2.5°C) 

Urban infrastructure 0.1 
a, b

  
a
 

a
 

 Cline, 1992 

(2.5°C) 

Fankhauser, 1995 

(2.5°C) 

Nordhaus, 1994 

(3°C) 

Titus, 1992 

(4°C) 

Tol, 1995 

(2.5°C) 

  
 

 
  

Air pollution 3.5 7.3
b
  27.2 

a
 

Total      

Billions 61.1 69.5 55.5 139.2 74.2 

Percent of GDP 1.1 1.3 1 2.5 1.5 

a.  Items that are not assessed or quantified or are judged to be small. 
b.  0.75% of GDP. 

Source: Nordhaus and Boyer, 2000. 

 

Table 9.3 gives an example of an aggregation for India.  The numbers are in billions of U.S. dollars 
per year, with the GDP in India expected to be $7.3 trillion.  Therefore, the effects are about 1% of 
GDP.  The estimates were not developed based on analysis in India, but are extrapolations from 
estimates of impacts in OECD countries.  The results should be treated as purely illustrative. 

 

Table 9.3 Estimated economic impacts of climate change on India in 2100 with a 2.5°C 

warming and no change in precipitation 

Sector Damages (billions of U.S.  dollars)
a
 

Agriculture 53.2 

Forestry -0.1 

Energy 21.9 

Water resources 1.2 

Coastal resources 0.1 

a.  Negative numbers are benefits. 

Source: Robert Mendelsohn, Yale University, personal communication, April 1, 2005. 

 

Such aggregations should be treated with much caution.  Although all sectors are presented, often 
little information is given on the confidence of estimates.  Some estimates are taken from relatively 
specific studies of impacts (e.g., in agriculture), whereas others may be educated guesses by the 
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authors (e.g., loss from catastrophe).  Furthermore, many factors such as change in frequency of 
extreme events are not considered in such studies.  So it is important to convey uncertainties, and 
such studies should be used as indications of relative impacts, not as predictions. 

A much more complex method is to apply macroeconomic models.  Such models have been used to 
examine integrated impacts of climate change on countries such as the United States (e.g., Jorgensen 
et al., 2004).  The advantage of applying these models is that they can identify how costs of damages 
from or adaptation to climate change can reverberate throughout a country’s economy.  A 
disadvantage is that models must be built for each application.  These can be complicated and 
expensive to undertake.  Those interested in finding out more about national economic models can 
explore the web site of Regional Economic Models Inc.  (REMI; see Table 9.4).  Another form of 
integration is integrated assessment models (IAMs).  These models are intended to examine the 
climate system as a whole and are built for such purposes as examining the consequences of 
different development paths or GHG emission scenarios.  IAMs typically estimate population and 
economic growth, land use, GHG emissions, changes in climate and sea level, and impacts.  Many 
of these models address impacts in limited ways, although more recent models are addressing them 
more thoroughly. 

 

Table 9.4.  URLs for models discussed in this chapter 

Model URL 

WEAP http://www.weap21.org/ 

DSSAT http://www.icasa.net/dssat/ 

CROPWAT http://www.fao.org/ag/AGL/AGLW/cropwat.stm 

REMI (regional economic models) www.remi.com 

IMAGE www.arch.rivm.nl/image/ 

 

One example of an IAM is the IMAGE model, developed in the Netherlands.  It is a global model, 
but it examines impacts at a 50 km grid scale.  The main components of the model are the energy 
system, the atmosphere, and the terrestrial vegetation system.  The last includes natural vegetation 
and managed vegetation (e.g., crop agriculture).  IMAGE can be used to examine the potential 
consequences of different GHG emissions scenarios for unmanaged and managed vegetation in a 
country.   

Table 9.4 lists web sites for models discussed here. 

9.3 Concluding Thoughts 

Integration may be necessary to address questions posed by policy-makers and other stakeholders 
and should be undertaken to help understand such matters as how impacts in one sector can affect 
another sector, particularly if those secondary effects overwhelm the direct effects of climate 
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change.  It should also be undertaken if it is important to understand relative or total impacts on a 
country or society.   

As with applications of any models, integrated modeling needs to be thought of as a tool to help 
provide useful information.  There can be a tendency to become fascinated with linking models and 
building more complicated models to address increasingly complicated questions.   

The limitations of such models and tools should always be recognized and results should be 
interpreted with caution, but with an eye to what they can inform us about vulnerability and 
adaptation. 
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10. Communication 

In acting to achieve the ultimate objective of the UNFCCC, the Parties to the UNFCCC must 

periodically communicate information on their implementation efforts, and on constraints, problems, 

and gaps, to the COP.  This information is provided in the form of national communications, which 

include information on emissions by sources and removals by sinks of GHGs, and regional 

programs containing measures to facilitate adequate adaptation to climate change.   

COP decision 17/CP.8 in its Annex on “Guidance for the preparation of national communications 

from Parties not included in Annex I to the Convention” states: 

32.  Non-Annex I Parties are encouraged to provide information on the scope 

of their vulnerability and adaptation assessment, including identification of 

vulnerable areas that are most critical 

33.  Non-Annex I Parties are encouraged to include a description of 

approaches, methodologies and tools used, including scenarios for the assessment of 

impacts of, and vulnerability and adaptation to, climate change, as well as any 

uncertainties inherent in these methodologies 

34.  Non-Annex I Parties are encouraged to provide information on their 

vulnerability to the impacts of, and their adaptation to, climate change in key 

vulnerable areas.  Information should include key findings, and direct and indirect 

effects arising from climate change, allowing for an integrated analysis of the 

country’s vulnerability to climate change. 

35.  Non-Annex I Parties are encouraged to provide information on and, to the 

extent possible, an evaluation of, strategies and measures for adapting to climate 

change, in key areas, including those which are of the highest priority. 

36.  Where relevant, Parties may report on the use of policy frameworks, such 

as national adaptation programmes, plans and policies for developing and 

implementing adaptation strategies and measures. 

The decision states that “key findings” should be presented, which puts a premium on synthesizing 

information in the national communication so that it is clear what areas are most vulnerable and 

what findings are “key.”  

Communication of V&A assessments involves not only clearly, concisely, and effectively 

describing the results but also interpreting and synthesizing the results to indicate which 

vulnerabilities may be of greatest concern and which adaptations are the most urgent or the highest 

priority.  It is important that information on climate change vulnerabilities be translated from 

scientific research into language and time scales appropriate for policy-makers.   

This chapter focuses on presentation examples based as much as possible on initial national 

communications of non-Annex I Parties on information communicated officially to the UNFCCC.  

Full national communications can be downloaded at the UNFCCC web site: 

http://unfccc.int/national_reports/non-annex_i_natcom/items/2979.php. 



Communication 

 

Chapter 10, Page 2 of 11  

Communicating the results of the V&A analysis involves considering the key audiences, the kind of 

information needed for incorporation into the national communications, the key messages that 

emerge from the vulnerability and adaptation assessment, and how the effectiveness of the 

communication will be monitored.  The national communication needs to clearly communicate who 

and what is vulnerable (and how that may vary across time and geographic region) and which 

measures are needed to reduce vulnerability (including where and when).  Effective communication 

requires organization, clarity, and simplicity.  Care should be taken to not assume that policy-makers 

and stakeholders fully understand the technical or scientific knowledge that supports the 

vulnerability and adaptation assessment.  The national communication should be tailored to the 

needs of the targeted audience and not to the needs of the people or institutions generating the 

information (although the national communication should be deemed as credible by those generating 

the information; in other words, it should accurately report and not distort the analyses conducted 

for the assessment).  The communication may also need to be modified depending on how it is 

received.   

This chapter presents suggestions for communicating results.  It addresses communication of 

methods, communication of vulnerability and communication of adaptation analysis and needs.  

This last topic focuses on adaptation policies, i.e., measures that can be taken to reduce exposure or 

sensitivity to impacts of climate change or to facilitate recovery and response to the impacts.   

10.1 Presentation of Methods  

The communication should include a brief discussion of models and tools used in the assessment, 

and their limitations and uncertainties.  This knowledge of methods will aid readers in interpreting 

the results.   

The discussion on methods should be brief as possible and understandable by a nontechnical 

audience.  A more in-depth description of methods could be placed in an appendix or be made 

available in supporting documents. 

For example, Gambia’s first round national communication contains a short discussion of climate 

change and socioeconomic scenarios and of tools used in the agriculture assessment. 

Figure 10.1 displays increases in temperature used in Gambia’s assessment of its vulnerability to 

climate change.  The figure displays the increases in temperature in the climate change scenarios in 

a format that should be readily understood by a non-technical reader.   
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10.2 Presentation of Vulnerability Results 

Figure 10.2 is an example of a nonquantitative way of communicating the relative degree of risk 

from climate change impacts.   

Table 10.1 is an example of a clear, nonquantitative presentation of climate change impacts from the 

Seychelles first national communication (Government of Seychelles, 2000, p.  93). 

Although not mandatory, it may be desirable to rank vulnerabilities based on what populations, 

regions, sectors, or systems being assessed are most vulnerable to climate change.  This can be 

important for informing the world community about what sectors are considered vulnerable as well 

as ranking of risks from climate change and setting priorities for where adaptation may be needed 

(e.g., as in input into the NAPA process).  Ranking vulnerability can be based on objective and 

subjective criteria.  Ultimately, it can involve value judgments.  It is critical that the criteria and 

methods used for ranking vulnerabilities be clearly stated in the communication.   

 

Figure 10.1.  Model projections of mean monthly temperature of The Gambia to 2100. 

Source: Republic of The Gambia, 2003, p.  46.   
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Table 10.1.  The possible impact of climate change on water resources in 

Seychelles 

Effect of global warming Impact on water supply reliability 

Change in rainfall pattern Severe drought and frequent flash floods 

Increase in storage capacity 

Change in river runoff Yield in dam and reservoir system 

Yield in direct water abstraction 

Change in water quality Yield of treatment systems 

Rise in sea level Saline intrusion in coastal aquifers 

Yield of coral island water lens 

Movement of saline front upstream 

Change in evaporation Yield of reservoir systems 

 

 

Figure 10.2.  Example of method to communicate relative risk from climate change (for the mid-Atlantic 

region of the United States). 

Source: Fisher et al., 2000.  !
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There is no right or wrong way to rank vulnerabilities.  However, the process should be transparent, 

so readers of national communications can understand how the rankings were determined.  An 

example of an approach is displayed in Table 10.2, which can be used for ranking current or future 

vulnerability.  The first column of the table lists the systems, regions, and hazards that are of 

concern, such as coastal systems or agriculture, mountain regions, and flooding hazards.  For each, 

current vulnerability can be ranked on a scale from low to high for various categories.  Social 

impacts indicate human vulnerability.  The rank assigned indicates the typical climate impact (e.g., 

the impact of reduced runoff on malnutrition, or how many lives may be lost because of flooding 

events).  Economic vulnerability ranks the magnitude of climate impacts on, for example, 

agricultural livelihoods and industrial processes.  The rank indicates the magnitude of climate 

impacts (e.g., how changes in water resources have affected sorghum production with subsequent 

contraction of the workforce, or infrastructure damage due to coastal inundation).  Environmental 

impacts include effects on ecosystems such as soil erosion and desertification.  Other impacts also 

can be considered (e.g., how drought could affect the ability to meet Millennium Development 

Goals targets and goals).  The rankings can then be summed to provide a qualitative assessment of 

vulnerability. 

Table 10.2.  Ranking vulnerability across multiple systems, regions, and hazards 

C1 C2 C3 C4 C5 C6 

System/region/ 

hazard Social impacts 

Economic 

impacts 

Environmental 

impacts 

Other  

impacts Ranking 

A      

B      

C      

Source: Bo Lim, UN Development Programme, personal communication, March 29, 2005. 

 

Another example of vulnerability ranking is that conducted by the Organisation for Economic 

Cooperation and Development (OECD).  They ranked vulnerabilities of sectors in developing 

countries to climate change based on certainty of impact (confidence an impact would happen); 

timing of impact (how soon it would be realized, e.g., now, in the next few decades, not for many 

decades); severity of impact (how large the impacts would be); and importance (significance).  Note 

the last category is based on value judgments and may be difficult to apply.  Table 10.3 shows an 

application examining relative vulnerability of sectors in Nepal.  Water resources has the greatest 

vulnerability because it receives a high ranking in all four categories.  Agriculture and human health 

are very close in their rankings and biodiversity is somewhat lower.  How the rankings are implicitly 

combined to rank vulnerabilities is up to the user.  More weight can be placed on some categories.   
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Table 10.3.  Nepal ranking 

Resource/ranking 

Certainty of 

impact 

Timing of 

impact 

Severity of 

impact 

Importance of 

resource 

Water resources (flooding) High High High High 

Agriculture Medium-low Medium-low Medium High 

Human health Low Medium ? High 

Biodiversity  Low ? ? Medium-high 

Source: OECD, 2003. 

 

Finally, the NAPA process described in Chapter 2 also contains a method for determining which 

vulnerabilities are most urgent.  The main goal of NAPAs is to determine which adaptations are of 

the highest priority, but the process can also rank vulnerabilities. 

Finally, note that is not necessary to rank all vulnerabilities from the highest to the lowest.  

Determining whether sector or village A or B is most vulnerable may be unnecessary and consume 

too much time and energy.  At a minimum, sectors, regions, or populations should be grouped based 

on relative vulnerability.  For example, dividing them into categories of high, medium, or low (or 

relatively high, relatively medium, and relatively low) may be helpful in understanding what 

impacts of climate change may be of greatest concern.   

10.3 Presentation of Adaptation Results 

The exercise of setting priorities across vulnerabilities can be particularly useful for identifying 

which adaptation options are of highest priority.  A variety of tools have been developed for setting 

priorities among adaptation measures, including screening tools, multicriteria assessment, and 

benefit-cost analysis; these are discussed below.  When ranking adaptation options, their 

effectiveness can be affected by the socioeconomic, economic, technological, and cultural context 

within a country.  The communication should present this context.   

Adaptations can be organized by vulnerability, sector, region, or the impacts considered most 

important.  The Seychelles national communication has an example of presenting adaptation options 

(Table 10.4). 

Evaluating and ranking adaptation options can be useful for setting priorities for domestic action for 

processes such as NAPAs (see Chapter 2).  There is no right or wrong way to evaluate adaptation 

options and set priorities at the national or other scale.  Involvement of stakeholders is critical 

because any ranking of adaptation options will involve value judgments. 
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Table 10.4.  Water conservation adaptation strategies 

Use area Adaptation strategy Implementation timescale 

Domestic Reduce water in toilets, showers, and laundry through better 

technology and use practices 

Commercial car washing with recycled water 

Water harvesting 

Now 

 

Near future 

Now 

Tourism Tourism education 

Water conservation technology 

Laundry and washing process and technology improvements 

Recovery of water from air-conditioning and heating systems 

Swimming pool water management 

Long term 

Now 

Near future 

Now 

Now 

Industry Recycling 

Water conservation technology 

Treatment and alternative re-use of polluted water 

Near future 

Long term 

Near future 

Agriculture Night irrigation 

Improved water delivery systems 

Drainage re-uses 

Now 

Near future 

Now 

Source: Government of Seychelles, 2000, p.  96.   
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South Africa’s first national communication evaluated adaptation options based on an analysis of 

benefits and constraints (Government of the Republic of South Africa, 2000).  An example is shown 

in Table 10.5. 

 

Table 10.5.  Benefits and constraints of adaptation measures 

Sector Benefits Constraints 

Agriculture   

Changed planting dates Not costly 

Relatively easy to implement 

Reduces changes of crop failures 

Requires education and awareness of 

farmers 

Healthy and drought resistant 

crops need to be promoted 

and the growing of a variety 

of crops 

Reduces vulnerability to crop failure 

Monocultures will need to be 

discouraged in the future 

These methods allow for climatic 

variability 

Requires education and public awareness 

programs 

Requires research 

Costly for farmers to change the crops 

that are planted and to plant many 

different crops 

Government aid for 

subsistence/marginal farmers 

Reduces the impact that climate 

change has on farmers who are 

already struggling 

Government may not have funds 

available 

Source: Government of the Republic of South Africa, 2000, p.  92. 

10.3.1 Screening analysis 

One simple method is the screening analysis.  It involves answering yes/no questions about options.  

Those options with the most yeses can either be given the highest priority or subject to more 

rigorous analysis, such as multicriteria assessment or benefit-cost analysis.  An example of 

application of a screening analysis is what Antigua and Barbuda prepared as part of the UNEP 

Country Studies Program (Table 10.6). 
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Table 10.6.  Screening matrix used in Antigua and Barbuda 

 

Note: Italics indicate adaptation measures that ranked highest. 

Source: Mizina et al., 1999. 
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High priority means that adaptation needs to be addressed now, or soon, rather than being put off.  A 

target of opportunity is a decision that is being made now anyway that is sensitive to climate and 

should consider climate change.  The other categories are self-explanatory. 

10.3.2 Multicriteria assessment 

A more quantitative and complicated approach to evaluating adaptations is multicriteria assessment.  

This can be a particularly good tool to use with stakeholders who can identify criteria to be used in 

assessing adaptations.  The criteria need not be measured using common metrics.  The stakeholders 

can rank how well each adaptation does in meeting the criteria, using an ordinal (e.g., high, medium, 

or low) or quantitative scale (1-5).  If a quantitative scale is used, scores can be summed to 

determine which options are the highest priority.  Criteria can be weighted to reflect relative 

importance.  Adaptation options can also be evaluated for different climate change scenarios.  

Results can be added using weights for likelihood of the scenarios (or also considering present 

climate and weighting it based on its importance relative to the climate change scenarios). 

The United Kingdom prepared a manual on multicriteria assessment, which can be obtained at 

http://www.odpm.gov.uk/stellent/groups/odpm_about/documents/page/odpm_about_608524.  hcsp. 

10.3.3 Cost-effectiveness analysis 

Cost-effectiveness analysis typically involves comparing the relative costs of different options that 

achieve the same or similar outcomes.  For example, analysis of the relative costs of options to 

protect coastal areas would be a cost-effectiveness analysis, as long as the outcomes are similar.   

A general source for this and other economic analyses is the U.S.  Environmental Protection 

Agency’s (U.S.  EPA’s) Guidelines for Preparing Economic Analyses available at 

http://yosemite.epa.gov/ee/epa/eed.nsf/webpages/Guidelines.html. 

One form of cost-effectiveness analysis is to examine the relative costs of achieving a certain 

outcome such as saving a human life.  Cost-effectiveness analysis would examine the “costs per life 

saved” as way of comparing cost-effectiveness of options. 

One tool for conducting cost-effectiveness analysis is the Adaptation Decision Matrix, available 

from Stratus Consulting Inc.  (jsmith@stratusconsulting.com; see Mizina et al., 1999).   

10.3.4 Benefit-cost analysis 

Benefit-cost analysis (BCA) is the most in-depth type of analysis, but it is also complicated and 

controversial.  BCA requires expression of all benefits (e.g., avoided adverse impacts from an 

adaptation) and costs in a common metric, to allow benefits and costs to be compared to estimate 

whether the benefits exceed the costs.  This is often done by expressing benefits in monetary terms.  

This may be straightforward if benefits concern goods bought and sold in markets: these have well-

established prices.  Other benefits that are not bought and sold in markets, such as illness, human 

life, and biodiversity, are more difficult to express in monetary terms.  There are techniques for 
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developing such estimates, but they are not exact and can be controversial.  The U.S.  EPA site is 

one place to go for information on this technique 

(http://yosemite.epa.gov/ee/epa/eed.nsf/webpages/Guidelines.html).   

10.4 Conclusions  

In presenting results of vulnerability and adaptation assessments in national communications, it is 

important to keep in mind paragraphs 34 and 35 from Decision 17/CP.8.  Those paragraphs call for a 

clear, concise, and accessible description of key vulnerabilities and adaptation.  Without a clear 

synthesis of results, readers of national communications may not understand which vulnerabilities 

are key and what adaptations are needed to address them. 
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