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ABSTRACT.  This paper focuses on methodological development in research to study climate change impacts and regional 
sustainability. It starts with an introduction of a conceptual structure for identifying important attributes of regional sustainability and 
salient properties of climate change to guide research on regional impact assessment and adaptation options. This is followed by a 
brief review of some methods and approaches which have been used for climate impact assessment and policy evaluation. The paper 
then presents a research approach for climate change impact assessment and regional sustainability evaluation. In particular, an inte-
grated approach is presented in some detail. 
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1. Introduction  

There is an increasing concern about the effects of cli-
matic change arising from human activity on agriculture, 
energy, transportation, tourism, and human health. The risk 
of global warming is so high that it could affect our planet's 
life-support-system. Developing countries, with a large por-
tion of its economic product and population directly depend-
ent on the natural resource sectors, are very vulnerable to 
climate change. In developing countries, the extremely lim-
ited land base and water resources have to provide a number 
of competing users with a range of different and often 
conflicting functions to meet their demands. While the de-
mands for resources increase dramatically as population and 
economic grow, the availability and the inherent functions 
of natural resources are being reduced by climate change, 
land conversion, water pollution, and environmental de- 
gradation. 

Developing countries need to design and apply ad-
vanced methods to deal with issues related to climate 
change and sustainable development. In this respect, in- 
ternational co-operative research is required to study the 
regional implications of climate change and variability for 
sustainable development. Such research will provide in- 
formation on the sensitivity and adaptability of social and 
economic activities in order to aid decision making and to 
insure system sustainability. 

The objective of an integrated climate change impact 
assessment is to study the implications of climate dynamics 
for sustainable regional development. To obtain a scientific 
understanding of the interactions between sustainable re-
gional development and climate, integrated analytical meth-
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ods is needed to provide holistic analysis of environmental 
dynamics and response policy. In particular, the analytical 
framework is capable of integrating major physical, biologi-
cal, and socio-economic components of the region and can 
identify the regional economic-environmental impacts of 
climatic change. The paper will discuss linkages between 
impact assessment and decision making, and between cli-
mate change and sustainable development. 

2. Climate and Sustainable Regional Development 

Understanding the relationship between climate change 
impacts and sustainable regional development is a prerequi-
site for better decision making. This section presents a re-
search structure for identifying the most important attributes 
of sustainability and the salient properties of climate varia-
tion and change to guide research on regional impact assess-
ment and evaluation of adaptation options. It is suggested 
that once an understanding of climate related threats to 
sustainability is established, consideration of adaptation 
options can then follow. Adaptation options can be based on 
demonstrated strategies from the past or on identified 
opportunities relative to sensitive areas. Any adaptation 
strategy should then be evaluated according to the goals/ 
indicators of sustainability, such as economic viability, envi-
ronmental maintenance, and social acceptability. 

There are many definitions of sustainable development. 
In this paper, sustainable regional development (SRD) is 
broadly defined as the long-term use of regional resources 
which is economically viable, socially desirable, and en- 
vironmentally non-degrading. Only those climatic phenom-
ena which are relevant to SRD in a specific region are 
considered here. 

IPCC Third Assessment Report (TAR) (2001) indicates 
that variations in climatic conditions combine with socio- 
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economic forces to influence the nature of resource use sys-
tems, including impacts on the sustainability of regional 
development. Within each of the economic, social, and envi-
ronmental sub-systems of a natural resource system, it is 
possible to evaluate sustainability according to such attrib-
utes as stability, resilience, flexibility or vulnerability. 
Applications of these principles are illustrated in Smit and 
Smithers (1993). Sustainability can be enhanced by adapta-
tion, which makes the resource use system less vulnerable to 
climate dynamics. 

The nature of climate dynamics and its relation to re-
source use systems has been studied for a long time. Proper-
ties of climate system (temperature, rainfall, etc.) for any 
region vary from year to year. Climate dynamics reflects 
forces which range in scale from the local to the solar sys-
tem, and which operates over various time periods. These 
variations in climate systems are essentially uncertain, in the 
sense that it is not possible to predict with any certainty the 
conditions for next year. Climate usually refers to average or 
"normal" conditions, and climate dynamics deals mostly 
with changes in average conditions. In some years condi-
tions deviate markedly from the average, and it is these ex-
treme events that result in economic, environmental, and 
social impacts, losses and disasters via floods, droughts, 
dust storms, storm surges, and so on (Smit et al., 2000). 

But disasters only occur if the human resource use sys-
tem has not been improved to copying with such extreme 
events. Resource use systems, such as agriculture, settle-
ments, forestry, transportation, can be managed to function 
successfully within a coping range. So long as climate 
conditions fall within this range the system can sustain. In 
other words, resource systems tend to be adaptive (and 
hence are sustainable) only within a limited range of climate 
conditions. It is often suggested that with increasing pres-
sure on resources this coping range has become narrower 
over recent decades, thus exposing the system to increased 
climate-related risks (Burton, 1995). With climate dynamics, 
it is the frequency and magnitude of climate extremes rela-
tive to the coping range which are important for system 
sustainability. Systems with high adaptive capacity which 
can cope with the probability (not the certainty) of extreme 
events are not only more sustainable under the current cli-
mate regime, but will also be sustainable under changed 
climate regimes. 
 

3. Methodological Review 

The global environmental system is extremely complex 
with numerous heterogeneous components linked by various 
interactions or processes of a physical, chemical, biological, 
and socio-economic nature. The complex and dynamic na-
ture of the global warming and SRD issue, thus, requires 
new analytical approaches to represent functions and 
interactions of a wide range of components of the Earth 
system. In order to adapt methods for climate impact analy-
sis and option evaluation, it is important to understand the 
current development of methods and to appreciate their suit-

ability in this research area. IPCC (1994) provides some 
guidelines for climate change impact assessment and option 
evaluation, and introduces a variety of methods which, how-
ever, are reviewed rather general. This paper attempts to 
provide more detailed pictures of these methods and their 
suitability for climate change impact study. 
 
3.1. Physical and Ecological Approach 

The physical and ecological approaches focus on differ-
ent components and processes of the Earth system. 
 
3.1.1. Land Classification 

A traditional approach used in impact studies is to ap-
ply various classification methods. These include climate, 
vegetation, and land capability classification (LCC) (Kop-
pen, 1936; Stamp, 1940; Holdridge, 1947). The main pur-
pose of applying these classification schemes is to group 
regions into categories based on shared climate and other 
biophysical conditions. For example, LCC often differenti-
ates units and sub-units on the basis of selected climatic, soil, 
morphological, and vegetative criteria. 

The essence of applying classification methods for cli-
mate change impact study is based on the correlation be-
tween climate patterns and soil or vegetation distributions. 
In LCC, land capability patterns are determined by factors 
including climate, soil type, soil moisture and fertility, 
vegetation cover, topography, landform, and land degrada-
tion such as erosion and salinization (Goodchild, 1976). 
Changing of daily temperature and soil moisture conditions 
associated with global warming will shift the land capabili-
ties for various uses. The results can then be used to show 
the impacts of climate change on land productivity. The 
classification approach can be used to estimate future physi-
ographic changes as well as cropping patterns or migrations 
of forest tree species in response to rapid global warming. 
Then land capability classes under climate change condi-
tions can be identified. Several classification methods were 
applied to study the shifting of the world crop distribution 
patterns (Emanuel et al., 1985; Leemans & Solomon, 1993). 
 
3.1.2. Ecological Simulation Modelling 

Ecological simulation modelling is based on mathe- 
matical representations of the processes and interrelation-
ships of ecosystems. Various simulation models have been 
used to examine the impacts of global warming on crop or 
tree productivity. These studies have indicated that crop or 
tree growth simulation models have considerable promise as 
tools for studying crop growth response to climate change 
for various regions (Wilks, 1988; Rosenzweig, 1985; 
Rosenberg, 1992; IPCC, 2001). The process-oriented or 
phenological simulation models which are commonly used 
by impact studies include: CERES wheat/maize (Jones et al., 
1984), EPIC (Rosenberg, 1992), TAMW (Maas & Arkin 
1980), and Forest-BGC (Running et al., 1987). 

Ecological simulation models can also be used to evalu-
ate alternative adaptation options. For example, the adapta-
tion options responding to changed climate in the models 
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can be treated by allowing changes in new crop cultivars, 
tree species, or technologies more suitable for changed cli-
mate conditions (to build a new irrigation system). 

Biological simulation modelling development usually 
focuses on the temporal aspect of ecological processes and 
ignores the spatial aspect. Another criticism of these models 
is their increasing size and complexity, which sets a barrier 
for many developing countries to conduct model validation 
and application for climate change impact study (WMO, 
1984; WMO, 1986). One major shortcoming of these mod-
els is that they deterministically simulate plant growth on 
small spatial scales based on physical and biological factors 
and ignore the economic and technological factors. These 
models need extensive validation before being applied to 
other parts of the globe. Despite shortcomings, however, use 
of these simulation models in conjunction with GCM output 
and socio-economic models allows investigation of the im-
pacts of climate change or adaptation options on various 
resource sectors. 

 
3.2. Social Impact Assessment Methods 

The purpose of social impact assessment (SIA) is to 
incorporate social values into the impact assessment of 
potential climate change or adaptation policies. To a large 
degree, SIA methods use traditional social science research 
methods such as surveying, interviewing, observation, and 
statistics. Stewart et al. (1992) applied these methods to find 
out the agreement and disagreement patterns of scientists on 
the global climate change issue. 

Two other methods are alternative scenarios and Delphi 
techniques. The construction of future scenarios provides 
means to simulate future social conditions with some spe-
cific development projects. A Delphi is a much broader 
based technique which is based on experts' judgements. The 
final result of a Delphi is the refinement of guesses about 
the future, and reflects the mean opinion of experts. 
Changnon et al. (1992) used a Delphi method to identify the 
shifting perceptions of atmospheric scientists on the climate 
change issue. Modelling techniques have been adopted and 
applied in recent SIA studies. Yin and Cohen (1994) pre-
sented a systematic approach, assisted by questionnaire and 
analytic hierarchy process (AHP) methods to identify and 
specify regional policy concerns relating to climate change. 

 
3.3. Economic Impact Assessment Methods 

Many economic analysis methods have been used or 
proposed for climate change impact assessment or limitation 
option evaluation (Riebsame, 1988; Pearce, 1990; NAS, 
1991). The two most widely used methods: cost-benefit 
analysis (CBA) and input-output analysis (IOA) are re-
viewed here. 

 
3.3.1. Cost-Benefit Analysis 

Cost-benefit analysis is the widely used method in eco-
nomic impact assessment (Johansson, 1993). In climate 
change impact study, CBA can be applied for two broad 

purposes: (i) to assess the economic implications of climate 
change scenarios; and (ii) to evaluate response options sub-
ject to given global warming scenarios. Nordhaus (1992) 
applied CBA to estimate the effects of greenhouse gas 
(GHG) emission. His results indicated that the total cost of 
doubling CO2 would be only a few percent of gross domes-
tic product (GDP). 

The appropriateness of applying CBA for climate 
change impact analysis has been widely questioned (Smith 
& Tirpak, 1989). In CBA, impacts on the economy, environ-
ment, or society are quantified in monetary value. All costs 
and benefits, including primary and higher order, are 
summed to derive an overall cost and benefit ratio which 
can then be used as a grand index to assess the economic 
efficiency of particular response options (Pearce & Turner, 
1990). Thompson (1990) suggested that methods which pro-
vide a 'final score' for various impacts should not be used as 
assessment tools because they may remove the responsibil-
ity for the decision from decision makers to analysts. 

The underlying philosophy of CBA comes from the 
concept of potential Pareto improvement. Under this con-
cept, a change is considered economically efficient if the 
gainers can compensate the losers (Randall, 1986). Obvi-
ously, CBA fails to take consideration of distribution effects 
among interest groups or among regions. In CBA, future 
benefit and cost flows are converted into present values by 
applying discount rates. Since discount rates are determined 
by the current generation, and since all future values are 
discounted, the technique is biased toward the current 
generation in economic impact analysis. Even Pearce (1990), 
an admirer of CBA, also has strong reservations about the 
appropriateness of CBA for climate change impact analysis. 

The economic valuation techniques for assessing 
environmental or social impacts, either market-based or 
survey oriented (willingness to pay), are applied in CBA to 
convert any environmental and social effects into monetary 
terms. Application of economic valuation techniques to 
non-market goods and services in environmental and social 
systems creates many difficulties and problems. For exam-
ple, major difficulties arise in putting a market price on wet-
land loss, landscape amenity, genetic diversity, irreversible 
resource depletion, human health damage or death, and 
other social impacts. Smith and Tirpak (1989) indicated that 
many decision makers do not feel comfortable with mone-
tary estimates of values of lost human lives, environmental 
pollution, or endangered species. 

 
3.3.2. Input-Output Analysis (IOA) 

To identify the regional distribution of various impacts 
associated with global warming, the model structure should 
reflect the interactions between sectors and between regions. 
IOA provides such a framework for climate impact analysis. 
Every industrialized country now possesses a national-level 
input-output accounting framework. IOA has also achieved 
popularity in recent times as a useful tool in climate change 
related studies (Parry, 1987; Malone & Yohe, 1992; Cohen, 
1993). The main contributions of IOA is that it provides 
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explicit supply and demand characteristics of individual 
economic sectors in different regions, and illustrates the 
nature of interrelationships among these economic sectors 
and between regions (Isard, 1960). Since the late 1960s, 
IOA has been extended to incorporate environmental factors 
into the economic input-output analysis (Miller & Blair, 
1985). Hickling Corporation Econometric Research Ltd. 
(1994) proposed an IOA approach to study the environ-
mental impacts of climate change in Great Lakes Basin. 

Despite the potential of economic-environmental in-
put-output models in resource evaluation, applications of 
these models indicated that structural relationships between 
economic and environmental systems are not always 
appropriately integrated (O’Riordan & Turner, 1983). In 
addition, the data requirements and the time for collecting 
the basic data for IOA are substantial. Pearce and Mar-
kandya (1989) indicate that the assumption of fixed coeffi-
cients of static production functions is one constraint on the 
power of IOA models for prediction purpose. This assump-
tion is questionable when considering the long-term nature 
of climate change impact study because the whole economic 
structure will change in the future. 

 
3.4. Mathematical Programming Modelling 

Mathematical programming (MP) is an important ap-
proach in systems analysis to allow for simultaneous 
consideration of many factors and dimensions of various 
systems. MP can provide information for better decision 
making when choice among a set of feasible alternatives is 
required (Wagner, 1969; Chiang, 1984). Most existing pro-
gramming models for environmental impact assessment are 
single objective and single sector linear programming (LP) 
models. 

Brklacich and Smit (1992) applied a LP model to assess 
the effects of potential climate change scenarios on regional 
food production in Ontario. Mooney and Arthur (1987) em-
ployed a specific agricultural sector model to assess the 
effects of climate changes on the agricultural sector's behav-
iour as defined by production and employment levels, prices 
and incomes, and other variables. By using, however, sin-
gle-objective and single-sector programming, LP was not 
flexible for identifying conflicts and trade-offs in integrated 
impact study. In this respect, multiple objective program-
ming techniques have been developed. There are a number 
of diverse methods in multi-objective decision making 
(MODM). This paper focuses on goal programming (GP) 
modelling. Since integrated climate change impact assess-
ment is characterised by multiple goals or criteria, a GP 
approach seems appropriate. The GP model can provide 
mechanisms to integrate various factors such as social, eco-
nomic, and ecological. In integrated impact assessment, GP 
can deal with various pertinent objectives such as environ-
mental quality, economic return, and energy conservation 
(Momero & Rehman 1987). By adopting a systematic ap-
proach to identify goals, and by increasing computational 
runs and sensitivity analysis of parameters representing 
different preference ordering of goals, GP technique is effi-

cient to find a satisfactory solution (Ignizio, 1982; Yin & 
Pierce, 1993). 

Conventional operation of GP model is to identify a 
satisfactory solution by minimizing the deviation from the 
goal targets or aspiration levels. The GP model developed in 
impact assessment, however, is applied in a different manner. 
The primary purpose of application of GP model in climate 
change study aims at impact assessment and scenario analy-
sis. 

Despite the potential in climate change impact assess-
ment, the GP models are not without limitations. In the 
process of goal identification, ideally a set of well defined 
goals can be provided by the decision makers. In reality, 
however, neither analysts nor decision makers have a clear 
set of objectives with respect to dealing with climate change 
problems. Another major criticism of GP is its inability to 
account for many non-quantitative and intangible develop-
ment goals. 

 
3.5. Systems Analysis and Integrated Approach 

Systems analysis provides decision makers with a re-
search framework which can be used to involve the active 
participation of diverse groups/individuals from both the 
public and private sectors who attempt to share different 
perceptions of resource values, to co-ordinate and analyse a 
broad range of information, and to illuminate alternative 
courses of action and associated trade-offs. Both simulation 
modelling and other decision support modelling are parts of 
the systems analysis approach. Systems analysis is strategic, 
interactive, and that it includes multiple perspectives, which 
distinguishes it from most conventional analytical methods. 

Integrated impact assessment approach, by its nature 
and complexity, must recognize and incorporate a number of 
factors and their interactions. An important aspect of inte-
grated approach is the identification of consequences of 
alternative courses of action. How sensitive for example is 
the productivity of a resource system to climate change and, 
is the response to climate change acceptable from a policy 
perspective? To answer such questions requires the creation 
and application of appropriate evaluation systems to assess 
various climate change scenarios and to discover the 
implications of these scenarios and response options with 
respect to the attainment of sustainability goals. Three inte-
grated assessment systems for climate change impact study 
are presented below for illustration purpose. 

 
3.5.1. IMAGE 

The Integrated Model to Assess the Greenhouse Effect 
(IMAGE) was originally developed by Jan Rotmans (1990), 
and was updated by Rotmans et al. (1994). IMAGE adopted 
a systems approach in designing a research framework to 
link modelling analysis with policy concerns for climate 
change impact study. IMAGE was later incorporated into an 
interactive computerized framework named the Evaluation 
of Strategies to address Climate change by Adapting to and 
Preventing Emissions (ESCAPE). ESCAPE was the result 
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of a joint research efforts by the Climatic Research Unit at 
the University of East Anglia in U.K., the National Institute 
for Public Health and Environmental Protection of the 
Netherlands, the Environmental Change Unit at Oxford 
University in U.K., and the Environmental Resources Lim-
ited in U.K. Rotmans et al. (1994) applied the ESCAPE to 
study the impacts of climate change scenarios on several 
individual sectors, and to identify the implications of re-
sponse policies for climate change. ESCAPE represents 
complicated factors, processes, and linkages of many sys-
tems influencing climate change. The approach, however, 
focuses on physical and chemical aspects, and deals with 
mainly limitation options at the global scale. 

 

3.5.2. The MINK Study 
A well known application of systems analysis approach 

to regional climate change impact assessment is the MINK 
study (USDOE, 1991). Resources for the Future (RFF) 
adapted a systems analysis approach to study the potential 
regional impacts of climate change and response options. 
The study covered four states: Missouri, Iowa, Nebraska, 
and Kansas (MINK). Estimates of the potential regional 
resource production and economic return under climate 
change scenarios were compared with those on present 
conditions to show regional economic impacts (Rosenberg, 
1992). This approach provides a systematic assessment of 
the regional climate change impacts by using a sequential 
procedure which integrates various factors and brings to-
gether the potential climate change impacts and adaptation 
options. 

 
3.5.3. The Mackenzie Basin Impact Study (MBIS) 

The Mackenzie Basin Impact Study (MBIS) is a 
multi-year and multi-disciplinary research project to exam-
ine the regional impacts of projected global warming. MBIS 
was supported by the Government of Canada's Green Plan 
and other sponsors. The main purpose of the MBIS is to 
define the direction and magnitude of regional scale impacts 
of global warming scenarios on the physical, biological and 
human systems of the Mackenzie Basin. The study also 
identified regional policy implications of climate change 
(Cohen, 1997). 

MBIS is an integrated regional impact assessment 
(IRIA) which is different from traditional sectoral studies. 
MBIS attempted to draw scientists, governments, and vari-
ous public interests or stakeholders closer together to ad-
dress common concerns for the Basin. MBIS is interdiscipli-
nary and the questions addressed were inter-jurisdictional. A 
broad collaborative effort between government agencies, 
non-government organizations, and university researchers 
was established for the integrated impact assessment. The 
IRIA consists of 5-step for MBIS: 

(1) The first step was to define the study area and the prob-
lem(s) of interest to that area. 

(2) Major components of the Basin were determined based 
on their sensitivities to climate change. Linkages 
among components were established through work-
shops. 

(3) A working committee (WC) was established at the be-
ginning of the study. The WC is composed of 
representatives from collaborating government agen-
cies and non-government stakeholders. Within the WC, 
an integration sub-committee was formed to link physi-
cal, biological, and social scientists, as well as 
representatives of regional interest groups. 

(4) A set of climate and human scenarios were identified 
by the WC. The climate scenarios were derived mainly 
from climate model simulations and would be revisited 
later. The human scenarios include population growth 
and potential economic changes that were important to 
the Basin over the time period of the climate scenario. 

(5) Substantial work had been completed by the WC to 
review and select research proposals, and to conduct 
workshops. Various projects were now under way to 
study the impacts of climate change on sensitive eco-
nomic sectors of the Basin. Various analytical methods 
for studies of separate research projects dealing with 
the physical and biological components of the 
Mackenzie Basin Study were being applied for first- 
and second-order impact assessments. 

More detailed discussion on MBIS can be found in Cohen 
(1997). 

 
3.6. Summary of the Methodological Review 

Various applications of assessment methodologies can 
be found in the literature of different disciplines. However, 
the majority of the applications focus either on physical, 
chemical, biological, or economic aspects of the Earth sys-
tem. Applications which take a holistic viewpoint are rela-
tively rare. Another important rigidity of these methods is 
that they often deal with one economic sector in isolation, 
failing to recognize the importance of intersectoral relations. 

To obtain a scientific understanding of the interactions 
between sustainable development and climate change, inte-
grated analytical methods are desirable. It is obvious that 
integrated impact assessment will never be achieved based 
on partial analyses of the total system. Integrated study re-
quires a multidisciplinary and holistic approach to deal with 
the interrelations among the economic, ecological, and so-
cial systems. The introduction of systems analysis estab-
lishes a linkage between impact analysis and decision mak-
ing. It appears that the systems analysis approach can be 
used as a guide in designing an integrated research frame-
work to undertake climate change impact assessment. Sys-
tems analysis approach is consistent with the general guide-
lines proposed by IPCC (1994) for conducting climate 
change impact analysis and adaptation option evaluation. 
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4. Methods Used for the Integrated Approach 

The introduction of the research structure in section 2 
for identifying the most important attributes of SRD and the 
salient properties of climate dynamics to guide a program on 
regional impact assessment and evaluation of adaptation 
options establishes a linkage between impact analysis and 
decision making. An integrated research framework is de-
signed to link climate change impact assessment and 
sustainability evaluation. 

 
4.1. The General Research Approach 

Figure 1 presents the proposed research approach 
which consists of the six main components: (1) define prob-
lems; (2) description of potential adaptation options; (3) 
goal or criteria setting; (4) initial screening of options; (5) 
climate change impact assessment; and (6) integrated impact 
assessment and adaptation option evaluation. This section 
presents some methods or techniques that have the potential 
to be used for the integrated approach. 

 
4.2. Identifying Goals by AHP 

The analytic hierarchy process (AHP) developed by 
Saaty (1980), a multi-criteria decision making (MCDM) 
technique, can be used to identify goals and their priorities. 
The identification of assessment goals, criteria, and end-
points is necessary to ensure that the outputs of this study 
reflect major concerns of various stakeholders in the region. 
Thus, the approach provides means to link policy concerns 
with scientific results of global climate change research. In 
the analysis, goals are used as evaluation criteria by which 
the effects of climate change or/and the efficiency of 

alternative adaptation options, in terms of progression to-
ward or regression from these goals, can be measured. 

To assist decision makers in making judgement on goal 
priority involving multiple criteria, the AHP can provide 
means by which alternative goals could be compared and 
evaluated in an orderly and systematic manner. Literature in 
management science and operations research has indicated 
that AHP technique is appropriate and even better than other 
weighting method in multi-objective decision making 
involving subjective information (Yager, 1979; Anderson et 
al., 1986). 

The AHP requires the decision makers to provide 
judgements on the relative importance of each of the goals. 
The result of the AHP is a prioritized ranking indicating the 
overall preference for each of the goals. Another feature of 
the AHP is that it provides a flexible framework for public 
participation in decision making or problem solving. In AHP 
exercise, a decision maker compares goals two at a time, 
which is termed pairwise comparison. The AHP employs an 
underlying scale with values from 1 to 9 to score the relative 
preferences for two items (Saaty, 1982). It should be noted 
that the scores selected represent linguistic responses and 
are not strict mathematical ratios. The scores can be deter-
mined with qualitative and subjective information. These 
values will be used as input for the next step of AHP, which 
is to construct a pairwise comparison matrix. 

In complex decision making involving uncertainty, 
inconsistency in making judgement is a common problem. 
To ensure that the judgements made by decision makers are 
logical and reasonable, information about whether the pair-
wise comparisons are consistent is needed. AHP provides 
additional information on the consistency of judgement 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Climate change scenarios and
Socio-economic scenarios  1 

Sectoral climate change 
impact assessment   5 

Integrated impact assessment and adaptation option  
evaluation    6 

Description of potential 
adaptation options   2 

Sustainability goals and 
criteria setting    3 

Initial screening of adaptation options   4 

 

 

 
Multiple 

stakeholders, 
planners, 

researchers 
and public 

 

Figure 1.  The general framework of the integrated assessment approach. 
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inherent in the pairwise comparison process. For example, if 
goal 1 is considered better than goal 2, goal 2 is better than 
goal 3, but goal 3 is better than 1, the judgement is inconsis-
tent. The values of the inconsistency ratio are determined by 
the maximum eigenvalue of the matrix (Palmer & Lund, 
1986). A detailed application of the AHP method in regional 
climate change impact assessment was conducted by Yin 
and Cohen (1984). 

 
4.3. Scenario Development from GCM and Other Meth-
ods 

One of the distinctive features of the research frame-
work is the emphasis placed on design of meaningful 
scenarios representing different future conditions. Assessing 
the implications of different response options, policies, or 
climate change for achieving sustainable regional develop-
ment is as much an art as it is a science. This situation exists 
because of uncertainties over future conditions such as the 
magnitude of warming, the time of climate change, the im-
pacts of climate change, and other factors such as future 
societal demand associated with population growth and in-
come increase, economic development, and technological 
change. In response to these uncertainties, scenarios can be 
created to represent alternative future conditions. In this 
study, three types of scenarios will be specified: climate 
change, future socio-economic conditions, and response 
options. 

One essential step in scenario evaluation is the 
identification of possible response options to deal with cli-
mate change impacts. Since the options possess different 
characteristics, implementing them would have various im-
pacts on different locations and on different goal achieve-
ments. Each option may cause both positive and negative 
impacts. For example, a new irrigation system may reduce 
negative impacts on crop yield, but may also create negative 
impacts on the water balance goal. 

According to the Tinbergen principle, in order to 
achieve a desirable outcome, it is necessary to design as 
many options or policies as there are objectives (Harvey & 
Whitby, 1988). In an analogous manner the number of 
scenarios required in impact studies will be directly related 
to the issues or policies requiring investigation. Thus the 
number of response option scenarios required for this study 
depends on how many adaptation/limitation alternatives or 
options need to be investigated. 

 
4.4. Impacts Identification by FPR Method and Simula-
tion Modelling 
4.4.1. Impact Assessment by FPR 

The fuzzy pattern recognition (FPR) method can be em-
ployed to illustrate future land use patterns in response to 
rapid global warming. Land capability classes under climate 
change conditions can also be identified. Considering the 
large number of factors and land uses involved in the land 
capability classification (LCC), and the qualitative nature of 
some aspects, FPR is appropriate to perform the mathemati-
cal classification of land use pattern and land capability. 

Data on current climate and climate change scenarios will 
be used to indicate the potential shifts of regional land use 
pattern. The fuzzy results will also identify the changes of 
land capabilities for various uses including agriculture, for-
est, wildlife, and others by using all the numbers in a fuzzy 
result set. 

The essence of applying fuzzy pattern recognition for 
climate change impact study is based on the correlation be-
tween climate patterns and soil or vegetation distributions. 
In LCC, land capability patterns are determined by factors 
including climate, soil type, soil moisture and fertility, 
vegetation cover, topography, landform, and land degrada-
tion such as erosion and salinization (Goodchild, 1976). 
Changing of daily temperature and soil moisture conditions 
associated with global warming will shift the land capabili-
ties for various uses. The results can then be used to show 
the impacts of climate change on land productivity. 

Specifically, the classification approach employed 
involving two steps. First, a biophysical classification 
scheme will be used to correlate climate variables and 
vegetation patterns. This step will identify the changing 
regional vegetation distribution patterns under global warm-
ing scenarios. The classification scheme will first be tested 
against historical data. Secondly, a more comprehensive 
classification scheme will be developed to indicate the 
changing spatial patterns of land capability classes under 
climate change conditions. The attributes incorporated in 
this land capability classification scheme include climate, 
soil moisture and fertility, landform, vegetation, topography, 
erosion, and other factors. 

 
4.4.2. Impact Assessment by Simulation 

While simulation models are different in terms of the 
mathematical structures and variables selected, they are 
common in using mathematical equations to simulate certain 
physical, chemical, and biological processes. These models 
usually are composed of several sub-models representing 
processes of weather, hydrology, nutrient, erosion, plant or 
tree growth, and plant environment. The purpose of these 
simulations is to identify the future state of the ecosystems 
associated with climate change conditions. For example, a 
number of different types of simulation models have been 
designed to study crop or tree growth response to climate 
change (IPCC, 1994). 

Since crop or tree growth sub-models are often coupled 
with atmospheric and hydrologic sub-models, it is obvious 
that links between crop or tree development and climate 
change can be established. Climate data reflecting alterna-
tive scenarios can be used as inputs to the crop or tree 
growth models. By proceeding in this manner through a 
series of scenarios, it is possible to evaluate whether climate 
changes that will occur are accommodated by declining or 
increasing crop or tree yields. 

Ecological simulation models can also be used to evalu-
ate alternative adaptation options. For example, the adapta-
tion of certain measures to respond changed climate in the 
models can be treated by allowing changes in new crop 
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cultivars, tree species, or technologies more suitable for 
changed climate conditions. The sensitivity of forest- or 
agro-ecosystems to changes in hydrologic regimes as a re-
sult of irrigation development can be represented by the 
model. By incorporating changes to certain parameters, the 
model results will show the effects of adaptation options on 
crop or tree yields associated with changed climate. 
Information on the various impacts of scenarios will be 
compiled into impact matrices for option evaluation. 

 
4.5. The Integrated Assessment System 

An integrated assessment (IA) system can be designed 
for climate change impact assessment and policy evaluation. 
The integrated system may employ advanced analytical 
techniques including goal programming (GP), AHP, FPR, 
and/or neural network (NN) which is a specific artificial 
intelligence (AI) technique. These techniques may be ap-
plied to identify the implications of climate change scenar-
ios for sustainable regional development. Desirable adapta-
tion options to deal with climate change impacts can be 
identified through the multi-criteria evaluation process. 

Considering the fact that in multi-objective decision 
making not all the objectives can be optimized, GP attempts 
to find a solution which comes as close as possible to the 
satisfaction of various goals (Nijkamp & Spronk 1979). 
Application of GP in this study will emphasize "bottom-up" 
decision process and the inclusion of various interest groups, 
private and public sectors, and different levels of govern-
ment. 

The procedure of the integrated assessment is to trans-
late climatic change and/or adaptation policies into specific 
analytical questions that can be addressed by the model. 
Climatic change or response policies will influence resource 
production, resource availability and suitability for each 
sector, demands for resource products, greenhouse gas emis-
sion reduction and soil erosion rates control, and other fac-
tors affecting sustainability of the region. In the assessment 
process, different scenarios are represented in the structure 
of the GP model by modifying parameters in the coefficient 
matrix, the right-hand-side (RHS) vector, and the objective 
function. 

In order to assess the impacts of different adaptation 
options on regional sustainability, a base scenario reflecting 
'business as usual' conditions of the region is usually created 
for comparison. Alternative scenarios can then be created to 
reflect conditions coupled with a specific adaptation option 
to deal with climatic change impacts. The adaptation im-
pacts are the difference between status quo scenario and the 
adaptation scenario. 

The multi-goal evaluation process will take considera-
tion of stakeholder's preference of goals derived from previ-
ous AHP analysis in determining what constitutes a favour-
able option or policy and what is unacceptable. The GP 
model is able to meet both the participatory needs of the 
study and to explicitly treat the values (goal preference) 
which are used to determine the merits of alternative courses 
of action. Several algorithmic techniques can be adopted to 

solve GP models. 

5. Conclusions 

The preceding discussion has illustrated an integrated 
climate change impact assessment approach and several 
potential methods which can be employed to form the inte-
grated approach for integrated climate change assessment 
and sustainable policy evaluation. More detailed discussion 
on major techniques employed to form the integrated ap-
proach can be found in other articles (Yin et al., 2000, 2003; 
Yin, 2001). These research methods have been tested to 
some extent in above mentioned articles. The integrated 
approach presented here provides an introduction to 
incorporating scenario specification, AHP, simulation 
modelling, GP, and other technologies to examine the 
implications of climate change for regional sustainable 
development. The approach is flexible enough to incorpo-
rate other methods for improvement. 
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