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ABSTRACT 

Warming of climate system is undisputed as evident from observations of increasing average temperatures of air and 
ocean, large scale melting of ice and increasing global average sea levels. The effect of climate change directly impacts 
society through the chain of climate-hydrology-water-water resources systems-society. Adaptation and mitigation are 
the two ways of society to respond to the changes in climate. Adaptations may be reactive, anticipatory, autonomous, 
planned, compliment and substitute type. The adaptations are carried out with the help of guidelines for climate impact 
and adaptation assessment. The guidelines are subjective or objective. Objective guidelines are step by step procedures 
to arrive at proper adaptation measures while subjective guidelines are step by step adaptation measures given on the 
basis of study of area, problem at hand and prerequisites for the adaptation. Many objective guidelines of climate im-
pact and adaptation assessment are given. These objective guidelines can be classified into two approaches: hazard 
based approach and vulnerability based approach. Both approaches have their own pros and cons, so combined ap-
proach with more focus on vulnerability was suggested as the best. In this study based on the lessons learned from the 
adaptation case studies across the world, the combined approach framework is modified to get modified combined ap-
proach framework of guidelines for climate impact and adaptation assessment by adding the components related: 1) 
explicit mentioning of stakeholders 2) revision, modification and communication of adaptation actions. 
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1. Introduction 

Warming of the climate system is undisputed as evident 
from the observations of increasing global average tem- 
peratures of air and ocean, extensive melting of snow, ice 
and increasing global average sea levels. Also frequency 
of cold days, cold nights and frost was decreasing along 
with the increase in the frequency of hot days and hot 
nights. Frequency of heavy precipitation is also found to 
be increased over most of the areas of the world. Thus 
climate change is unequivocal in the light of all aforesaid 
evidences. The effect of climate change has been seen 
almost in all sectors such as ecosystems, biological sys- 
tems and hydrological systems etc. [1]. Due to increased 
population, industrialization and large exploitation, the 
water resources are under severe strain. The changes in 
hydrological cycle due to climate change directly impact  

society through the chain of climate-hydrology-water- 
water resources systems-society. Thus climate change 
leads to an additional strain on water resources which are 
overstressed already.  

Alterations in precipitation and temperature of the 
scale predicted by General Circulation Models (GCMs) 
for a doubled CO2 scenario were going to significantly 
affect the annual runoff, runoff variability and runoff sea- 
sonality. These in turn will affect the water supply, pro- 
tection from floods, generation of hydropower and envi- 
ronmental resources. In addition the climate change is 
going to affect watershed’s geomorphic responses, in- 
crease soil erosion and change hydrologic responses of 
watershed thus affecting water supply, hazard from floods 
and riparian systems [2].  

Altered frequencies and intensities of extreme weather 
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events in combination with the rise in sea level are ex- 
pected to have detrimental effects on natural and human 
systems [1]. It is becoming more and more difficult to 
predict extreme weather probabilities which are funda- 
mental for the current strategy to deal with risks and pre- 
diction of extremes based on the historical data which are 
not going to give any idea about the possible future ex- 
tremes because of underlying uncertainties due to climate 
change. Thus it was suggested that socio economical sys- 
tems can cope up with certain climate variability and it 
can minimize the ill effects of climate change [3].  

The two fundamental responses of the society for mi- 
nimizing the risk of climate change are mitigation and 
adaptation to climate change. Mitigation is minimization 
of causes of climate change such as minimizing green- 
house gas emissions or enhancing their sinks. However 
adaptations are response to the impacts of climate change 
for minimizing harm from climate change [4].  

General definition of adaptation in the context of 
change in global conditions is a process, action or out- 
come in a system in order to better cope up, manage or 
adjust to some altering conditions, stress, hazard, risk or 
opportunity [5]. The numerous definitions of climate 
change can be found in the literature related to climate 
change. Adaptation is defined as actions targeted at the 
system which is vulnerable in response to actual or ex- 
pected stimuli of climate with the purpose of moderating 
climate change harm or exploiting opportunities [4]. 

Also adaptation is defined as “adjustment in ecological, 
social, or economic systems in response to actual or ex- 
pected climate stimuli and their effects or impacts” [6]. 
Adaptation is interpreted as response to climate change 
which improves the outcome [7]. Adaptation is also de- 
fined as “any adjustment whether passive, reactive or an- 
ticipatory that can respond to anticipated or actual conse- 
quences associated with climate change” [8].  

Adaptations can be classified on the basis of adaptive 
responses such as: 1) reactive and anticipatory adaptation, 
2) autonomous and planned adaptation, 3) substitutes and 
compliments. Reactive adaptation measures mean those 
measures which are made by institutions, individuals, 
animals and plants as response to climate change. An- 
ticipatory adaptations are those measures which are car- 
ried out as preparations against potential effects of cli- 
mate change. Autonomous adaptations are adjustments 
which are occurring naturally or spontaneously as re- 
sponse to climate change while planned adaptations need 
conscious intervention. If one adaptation measure in- 
creases the marginal benefit of other adaptation measure 
then it is called as complement of other while if exten- 
sion of one type of adaptation measure nullifies the need 
of other type of adaptation measure then it is called as 
substitute of other adaptation [9]. We are here concerned 
with the reactive, anticipatory and planned adaptations. 

Some other terms related to adaptation are also essential 
to be known like reliability, vulnerability and resiliency. 

Reliability is frequency of system failure; if frequency 
of failure is more, reliability is less. Resiliency is the rate 
of recovery from failure. Vulnerability is the conse- 
quence of failure [10]. Selecting proper adaptation meas- 
ures is a process which has sequences like assessment of 
climate change with its uncertainty, identification of com- 
ponent which adapts in response to climate change and 
selection of adaptation measures which are the most ben- 
efic [11].  

Present study reviews the literature of case studies 
about adaptations of water resources systems to climate 
change across the globe and derives lessons from it. Then 
different approaches of objective guidelines for climate 
impact and adaptation assessment are discussed and the 
best approach out of them is found out. Finally available 
best approach of guidelines is modified on the basis of les- 
sons learned from case studies about adaptations of water 
resource systems to climate change across the globe. 

2. Literature Review  

The studies on adaptation of water resources systems to 
climate change across the globe are presented chrono- 
logically. Numbers of adaptation policies for the Africa 
were suggested on the basis of previously carried out 
studies. Along with the general adaptation measures, spe- 
cific adaptation measures in the sectors such as water 
resources, coastal resources, forests, ecosystems and ag- 
riculture were suggested for the Africa. Study suggested 
usefulness of incremental changes in current planning 
scenario for minimizing the bourdon of climate change 
on future generations [12].  

Overview of climate change in Africa and case studies 
of its impacts on the water and agriculture sector were 
presented along with the discussion on the type of adap- 
tation measures most effective for different stakeholders 
of society. The most effective strategies were presented 
like reduction of the present vulnerability, enhancing the 
broad spectrum of capacity in response to environmental, 
economic and resource perturbations. Systematic evalua- 
tion of priorities and constraints along with the involve- 
ment of stakeholders was suggested necessary for proc- 
ess of planning of adaptation strategies [13]. 

The study on potential impacts of climate change on 
hydrology and water resources of four basins in Czech 
Republic was carried out through the chain of water bal- 
ance model/conceptual model-general Circulation Model 
(GCMs) generated scenarios/incremental scenarios-down- 
scaling-rainfall-hydrological models-runoff. Results of 
the study shown that decreasing trend of rainfall will 
cause ground water decrease and consequently critical 
condition of long term drought in future. The study rec- 
ommended giving preference to adoption of nonstruc- 
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tural measures of adaptation such as conservation of wa- 
ter, efficient management of water demand and water 
resources protection [14]. 

Some of the elements which characterize an efficient 
strategy to adapt to climate change were discussed. Such 
strategy has to account long time horizon and prevailing 
uncertainties in assessment of climate change. The intui- 
tively best approach was suggested such as enhancement 
of resilience and flexibility of system to react to and cope 
with climate shocks and extremes, as well as improve- 
ment of information. Also increasing robustness of struc- 
tures or increasing the rate of depreciation for allowing 
earlier replacement were suggested for quasi irreversible 
investment with long life time [9]. 

Economic theory of endogenous risk was used for ad- 
dressing optimal mix of mitigation and adaptation strate- 
gies along with the study of how this optimal mix get 
affected by adverse effect of increased variability of cli- 
mate in climate change. Study argued that the better un- 
derstanding the linkage between the adaptation and miti- 
gation can provide more risk reduction with less expen- 
diture. The policy framed by neglecting these links can 
undermine the effectiveness of public sector programs 
and policies due to unaddressed conflicts between strate- 
gies [15].  

Importance of efficient adaptation was discussed. Dif- 
ferent aspects of private and joint adaptation were pre- 
sented and compared. Study revealed need of govern- 
ment to think about joint adaptation with being careful to 
design efficient responses which will treat problems re- 
lated to climate change as soon as they appear. Thus 
through the dynamic policies and adaptation costs, re- 
maining impacts of climate change can be decreased sub- 
stantially [16]. 

Nature of risk and vulnerability in the context of cli- 
mate change was studied along with the review of adap- 
tations carried out in developing countries and co-ordi- 
nated international action on adaptations in future. The 
populations at risk were ranging from owners of second 
home beach front properties in North America and Eu- 
rope to laborers and farmers in Africa and Asia. Study 
shown importance of consideration of right to develop- 
ment and security in building adaptive capacity rather 
than avoidance of pertinent risks [17]. 

Perspectives on collective action for natural resource 
management for informing understanding of climate re- 
sponse capacity were reviewed. For this purpose, study of 
collective action for community based management of 
coastal area in Trinidad and Tobago was carried out. Case 
study shown that community based management enhances 
adaptive capacity in two ways: by forming networks es- 
sential for coping with the extreme events and by holding 
back the resilience of supporting resources and ecological 
systems [18].  

Concept of adaptation of human communities to change 
in climate specifically in the context of adaptive capacity 
and vulnerability was reviewed. The study mainly focused 
on the scholarship which was required to carry out adap- 
tations at community level. The study reported the use- 
fulness of vulnerability indices for providing the useful 
information regarding the relative vulnerability scores at 
different levels such as country, region and community. 
Also study suggested that the mostly adaptation measures 
were integrated or mainstreamed in to other programs 
such as resource management, preparedness for disaster 
and sustainable development [5].  

California’s water supply system ability to adapt to 
long term climatic and demographic shifts was examined. 
Two climate warming scenarios and one historical climate 
scenario along with population and land use estimates for 
the year 2100 were used in the study. Population and land 
use for year 2100 were estimated by application of state- 
wide economic engineering optimization model of water 
supply management. Study shown that California’s water 
supply system was physically able for adapting to the 
significant alterations in climate and population but by 
taking significant cost. Results of the study shown im- 
portance of considering some aspects such as other sig- 
nificant changes expected during long term time frame, 
allowing the system to adapt to alterations in conditions, 
system representation in sufficient operational and hydro- 
logic detail and breadth for allowing the significant adap- 
tation [19]. 

An assessment framework for identification of robust 
adaptation strategies for responding to climate change 
uncertainties was presented. The framework was applied 
to a case study of management of water resources in East 
of England. Study concluded that clear robust adaptation 
decisions are desirable but they should be negotiated 
between decision makers and stakeholders involved in the 
process of adaptation [20].  

Wide literature on the subject of uncertainties in as- 
sessment of climate change and climate change adaptation 
was reviewed. It was found that different attitudes towards 
the risks and uncertainty lead to different frameworks of 
decision making. The different decision frameworks and 
tools of uncertainty analysis were grouped in three ap- 
proaches: top down approach, bottom up approach and 
mixed approach. For top down approaches strategies were 
prevention principle, IPCC approach and risk approach. 
For bottom up approaches strategies were; precautionary 
principle, engineering safety margin, anticipating design, 
resilience and adaptive management. For mixed and al- 
ternative approaches the strategies were; approaches of 
human development, framework of adaptation policy and 
robust decision making. Study argued the application of 
both top down and bottom up approaches and selecting the 
one which performs better [21]. 
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Current thinking about the planned adaptations was 
summarized in the study [4]. Key concepts of adaptation, 
description of adaptation context diversity, discussion of 
key prerequisites for effective adaptation were described 
in the study. Also major approaches to impact of climate, 
assessment of adaptation and their evolution were re- 
viewed. Principles for adaptation assessment were deduc- 
ed from decision analytical considerations and past adap- 
tation assessments experiences. These principles were as 
given below. 
 Larger the importance of climatic factor in decision 

making and larger the risk associated with climate 
change then there is need of detailed assessment of 
risks associated with change in climate. 

 Better the knowledge about changes in future climatic 
risks more specific action is possible in current sce- 
nario. 

 Less the experience in managing a specific risk, then 
greater is the need of new and additional action. 

 Addressing current climate risk along with the future 
climate change is usually beneficial specifically when 
current risks are large, for most effective and efficient 
strategy of adaptation. 

 If low regret or no regret options available, planned 
adaptation does not necessarily rely on projections of 
reliable climate impact.  

New discourse of adaptation was addressed with the ar- 
gument that process of adaptation so far focused on re- 
sponding to climate change impacts instead of address- 
ing underlying causes of vulnerability. Study argued that 
putting the adaptation in better place in development 
planning is like to put the cart before the horse. So ad- 
dressing the causes of vulnerability is the actual role the 
development has to play for making adaptation process 
successful [22].  

Incorporation of climate change research in to planning 
and management tools by the agencies managing Cali-
fornia’s water resources through the chain of GCMs- 
scenarios-downscaling-temperature, rainfall etc.-rainfall- 
hydrological models-runoff was presented in the study. 
Study shown greater amounts of winter season runoff 
combined with decreased spring season runoff. Both im- 
pacts were found to pose challenges for maintaining State 
Water Projects and Federal Central Valley Project per- 
formance levels as prevailing at the time of study. So 
study argued that risk assessment should involve potential 
scenarios spectrum, impacts of each scenario and relative 
probability estimates for each scenario [23]. 

Report presented a quick overview of effects of climate 
change and adaptation measures already carried out in 
Belgium. Adaptation measures were not only focused on 
defending against the climate change threats but also on 
finding new possibilities and capitalizing favorable 
changes in climate. Study shown that extensive linkage 

between different adaptation efforts and their correspond- 
ing policy areas could lead to synergies and would help in 
avoiding the maladaptation [24].  

Guidance regarding the adaptation to climate change in 
cities was provided. It was suggested that addressing of 
basic poverty reduction issues and sustainable develop- 
ment goals can increase the resilience of cities. So cities 
can mainstream the resilience into the existing efforts. In- 
tegration of disaster risk reduction (DRR) of cities with 
climate change considerations was also suggested. Simple 
and low cost measures suggested for increasing resilience 
in day to day operations. Collaborative problem solving 
and coordination across all sectors was suggested for the 
climate change adaptation in cities [25]. 

It was suggested that methods of risk management in 
water resources have been used in USA and elsewhere in 
the context of highly developed sets of criteria of planning. 
These risk management methods were classified as me- 
thods to assess risk and to manage the risk. The robustness 
and resiliency of the existing risk management methods in 
water planning have potential to serve as basis for adap- 
tations to alterations in supply and demand of water caus- 
ed due to climate change. While considering the climate 
change effect as an external variable in applications, the 
planners should know the information about; monitoring 
of climate related factors of concern, the conditions re-
lated to prospect of climate change, best ways of adapting 
to uncertainties and possible climate change impacts [26]. 

The report draws upon findings and discussions arising 
from Water Service Association of Australia (WSAA) cli- 
mate change adaptation workshop. Report consists of three 
key themes and within each theme; risks, key challenges 
were identified as adaptation actions were already started. 
The report concluded that strategy development; appro- 
aches of planning, new augmentations and large focus on 
the interconnectivity, collaboration have all been used as 
tools of change. Also study concluded that implementing 
adaptation measures in response to the climate change, the 
actions should be regularly reviewed and modified and 
communicated as per necessity [27].  

Adaptation at local scale and long run capacity building 
in acequia communities in Northern New Mexico was 
studied. Survey approach was used to identify factors and 
community characteristics contributed to community ad- 
aptation, level and extent of preparedness of community, 
preferred actions of community to withstand stresses and 
disturbances. Study found need of; examining adaptation 
and adaptive capacity building within rural communities 
and at local scale, activities of community strengthening, 
co-operation building within and between communities. 
Maintaining and strengthening of rural extension programs, 
activities for integration of new methods and techniques 
within existing system of community culture were recom- 
mended by the study [28]. 
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Self assessment survey and workshop were used to 
provide perspective of planner knowledge about adapta- 
tion to climate change along with study of impacts of cli- 
mate in communities across the province of British Co- 
lumbia, Canada and obstacles to effective adaptation. The 
results of the study indicated that planners do not have 
high level knowledge about adaptation to climate change. 
Study found the need of promoting capacity building 
relevant to adaptation to climate change among planners. 
Planning institutes and academics, governments at local, 
regional, provincial, federal levels etc. should utilize and 
built upon existing resources to enhance the knowledge of 
planners about the adaptation to climate change [29].  

A range of case studies were presented, illustrating Low 
Impact Development (LID) advantages in monetary terms 
and metrics employed in decision making at municipal 
level. Also it was stated that Green Infrastructure (GI) in- 
dividually has additional upfront capital expenditure to a 
project but it can result in reduced need of capital in- 
vestment for conventional drainage structures. LID as 
measure of adaptation can increase the onsite runoff sto- 
rage compensating for increases in depths of rainfall due 
to climate change. The other benefit of LID found was; 
increase in resiliency by increasing lag time, reducing and 
delaying peak discharge of runoff [30].  

Extent of adaptation integrated in to Dutch local poli- 
cies and the role of municipality’s size, risk and experi- 
ence in encountered adaptation manifestations was ex- 
amined in the study. Firstly study found that anticipatory 
adaptations were took place only for perceivable weather 
extremes like increasing precipitation. Secondly it was 
found that realization of further adaptations was hindered 
by the reality of strong sectoral divide. Also adaptations 
were found to be mainly dominated by water department 
and other departments like spatial planning and environ- 
ment were involved limitedly. Study suggested tackling of 
sectoral divides by administrative efforts like professional 
training carried out in vertical direction [31].  

The influence of formal education in adaptive capacity 
determination of residents of two low income settlements: 
Los Manantiales in San Salvador, El Salvador and Ro- 
cinha in Rio de Janeiro, Brazil were examined. The study 
was carried out on the basis of qualitative and quantitative 
analysis of collected data. Quantitative analysis was car- 
ried out with the help of correlation. It was found that, in 
both the case studies the average level of education was 
lower for households which were living at higher risk as 
compared to residents of lower risk areas. Study strongly 
argued promotion of formal education for increasing the 
adaptive capacity of people [32]. 

Differences in institutional and local responses to 
change in climate and disasters were analyzed in a South- 
ern and a Northern city. San Salvador, En Salvador in 
Central America was the Southern city while Manchester, 

United Kingdom was the Northern city. Study found that 
in South, local coping strategies were an important ele- 
ment of climate change adaptation and disaster risk ad- 
aptation because of limited help provided by urban actors, 
associated social security and systems of governance. In 
North, the local coping strategies were poorly developed 
due to dominant role of Northern institutions. Study sug- 
gested the transformation of lessons learned in to the im- 
proved distributed governance system. The improved dis- 
tributed governance system is an integrated engagement 
model in which local and institutionalized responses sup- 
port each other [33]. 

Study focused on the issues of impacts of climate 
change and vulnerability assessment of agriculture sector 
of India. Range of adaptation strategies were suggested 
for improvement of agricultural management in view of 
climate change for sustainable development leading to 
pathways of climate resiliency. Risk management and 
strategies of vulnerability reduction were found to be two 
ways of becoming more climate resilient on the pathways 
of sustainable development [34].   

The lessons learned from the above case studies are 
summarized below. 
 Incremental changes in current planning scenario for 

minimizing the bourdon of climate change on future 
generations. 

 Systematic evaluation of priorities and constraints along 
with the involvement of stakeholders for process of 
planning of adaptation strategies. 

 Giving preference to adoption of nonstructural meas- 
ures of adaptation. 

 Enhancement of resilience and flexibility of system. 
 Understanding the linkage between the adaptation and 

mitigation. 
 Joint adaptation with being careful to design efficient 

responses to climate change. 
 Consideration of right to development and security in 

building adaptive capacity. 
 Community based management enhances adaptive 

capacity. 
 Usefulness of vulnerability indices for providing the 

useful information regarding the relative vulnerability 
scores at different levels. 

 Consideration of some aspects such as other signifi- 
cant changes expected during long term time frame, 
system representation in sufficient operational and hy- 
drologic detail. 

 Negotiation between decision makers and stakeholders 
involved in the process of adaptation. 

 Application of both top down and bottom up appro- 
aches for adaptation assessment and selecting the best 
one. 

 Addressing current climate risk along with the future 
climate change. 
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 If low regret or no regret options available, planned 
adaptation does not necessarily rely on projections of 
reliable climate impact. 

 Addressing the causes of vulnerability is the actual 
role of development. 

 Risk assessment should involve potential scenario spec- 
trum, impacts of each scenario and relative probabi- 
lity estimates for each scenario. 

 Extensive linkage between different adaptation efforts 
and their corresponding policy areas could lead to sy- 
nergies. 

 Simple and low cost measures for increasing resilience 
in day to day operations should be adopted.  

 The robustness and resiliency of the existing risk ma- 
nagement methods in water planning have potential to 
serve as basis for adaptation. 

 Planners should know the information about; moni- 
toring of climate related factors of concern, the condi- 
tions related to prospect of climate change, best ways 
of adapting to uncertainties and possible climate change 
impacts. 

 Implementing adaptation measures in response to the 
climate change, the actions should be regularly re- 
viewed and modified and communicated as per ne- 
cessity. 

 Maintaining and strengthening of rural extension pro- 
grams, activities for integration of new methods and 
techniques within existing system of community cul- 
ture. 

 Enhancing the knowledge of planners about the adap- 
tation to climate change. 

 Use of Low Impact Development and Green Infra- 
structure for adaptation. 

 Tackling of sectoral divides by administrative efforts 
like professional training. 

 Promotion of formal education for increasing the adap- 
tive capacity of people. 

 Local and institutionalized responses should support 
each other. 

 Risk management and strategies of vulnerability re- 
duction should be adopted. 

3. Methodology 

Climate impact and adaptation assessment guidelines are 
those based on which the entire procedure of selecting 
proper adaptation is performed. The guidelines can be sub- 
jective means step by step adaptation measures derived on 
the basis of study of conditions of particular area, problem 
at hand and prerequisites of adaptation (prerequisites of 
adaptation were discussed in [4]). Several subjective guide- 
lines on different sectors and regions are given ([21,31, 
35-40]). Objective guidelines are nothing but the step by 
step procedure to arrive at proper adaptation process and 

these are general guidelines.  
Different objective guidelines of climate impact and 

adaptation assessment are given in the IPCC Technical 
Guidelines, the USCSP International Handbook, the 
UNEP Handbook, Climate Change Adaptation through 
Integrated Risk Assessment Guidelines and the UNDP- 
GEF Adaptation Policy Framework ([4] and reference 
therein).  

Hazard based approach and vulnerability based ap- 
proach are the two approaches applied in guidelines for 
climate impact and adaptation assessment. Hazard based 
approach gives more emphasis on the climate change 
incremental impacts. In hazard based approach the as- 
sessment begins with the projections of climate change by 
different climate models. Several reviews have concluded 
that these hazard based assessments are important for 
identification of climate change risks but its results are not 
useful immediately for design of adaptation policy. 
USCSP Guidebook and UNEP Handbook have used this 
approach. Important shortcomings of hazard based ap- 
proach are: over reliance on the model based climate, non 
availability of climate impact projections at spatial scales 
required by the decision makers, long term climatic pro- 
jections which have less relevance to many adaptation 
actors and less emphasis on non climatic factors, natural 
variability of climate. On the other hand vulnerability 
based approach assesses future climate change in the light 
of current climatic risks with strong emphasis on the so- 
cial factors which determine ability to cope up with haz- 
ards from changing climate. This approach begins with 
the past experiences of managing risks of climate, in- 
volves all the stakeholders from beginning and links the 
adaptation to climate change with the activities of stake- 
holders directly. If low or no regret options of adaptation 
are available then this approach can produce useful results 
without considering reliable impact projections. Disad- 
vantages of vulnerability approach are: greater importance 
given to expert judgment, comparability across the re- 
gions is limited because of large qualitative natured re- 
sults and absence of clear methodology. This approach 
was used in the UNDP-GEF adaptation policy framework. 
The initial emphasis on the hazard based approach was 
evolved towards integration of both approaches with more 
focus on the vulnerability approach [4]. The combined 
approach presented in [4] is shown in Figure 1.  

This approach gives more comprehensive picture of 
current and future climate risks by considering future 
climate change with current variability of climate and non 
climatic factors. In this combined approach, risk assess- 
ment is based on experience of managing past climate 
hazards and recommendations for adaptations were based 
on the view of reducing current and future climate risks. 
Also the recommendations were decided on the basis of 
the synergy with other policy objectives such as goals of 
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Figure 1. Combined approach of climate impact and adap-
tation assessment (Source: [4]). 
 
sustainable development in addition to their potential to 
reduce current and future risks due to climate change. 
Consideration of wider adaptation policy context lead to 
suggestions about mainstreaming of adaptations to cli- 
mate change into existing activities of management and 
plans of development. This more inclusive approach to 
assessment of adaptation and planning of adaptation was 
recommended in frameworks like UNDP-GEF Adapta- 
tion Policy Framework [4]. This approach has been used 
by many adaptation projects across the globe like Main- 
streaming Adaptation to Climate Change project carried 
out by World Bank and Asian Development Bank admi- 
nistered project “Climate Change Adaptation Program for 
the Pacific” ([4] and reference there in). 

Based on the lessons learned from the case studies of 
the adaptation to climate change across the globe, fol- 
lowing aspects are recommended to be considered in the 
policy and management context of above combined frame- 
work. 

Policy and Management Context 

 Incremental changes in current planning scenario for 
minimizing the bourdon of climate change on future 
generations. 

 Systematic evaluation of priorities and constraints 
along with the involvement of stakeholders for process 
of planning of adaptation strategies. 

 Giving preference to adoption of nonstructural meas- 
ures of adaptation. 

 Enhancement of resilience and flexibility of system. 
 Understanding the linkage between the adaptation and 

mitigation.  
 Joint adaptation with being careful to design efficient 

responses to climate change. 
 Community based management for enhancement of 

adaptive capacity. 
 Consideration of vulnerability indices for providing 

the useful information regarding the relative vulner- 
ability scores at different levels. 

 Consideration of some aspects in adaptation assess- 
ment such as other significant changes expected during 
long term time frame, system representation in suffi- 
cient operational and hydrologic detail. 

 Negotiation between decision makers and stakeholders 
involved in the process of adaptation. 

 Risk assessment should involve potential scenario spec- 
trum, impacts of each scenario and relative probability 
estimates for each scenario. 

 Simple and low cost measures for increasing resilience 
in day to day operations.  

 Increasing robustness and resiliency of the existing 
risk management methods in water planning. 

 Planners should know the information about; moni- 
toring of climate related factors of concern, the condi- 
tions related to prospect of climate change, best ways 
of adapting to uncertainties and possible climate change 
impacts. 

 Maintaining and strengthening of rural extension pro- 
grams, activities for integration of new methods and 
techniques within existing system of community cul- 
ture. 

 Enhancing the knowledge of planners about the ad- 
aptation to climate change. 

 Use of Low Impact Development and Green Infra- 
structure for adaptation. 

 Tackling of sectoral divides by administrative efforts 
like professional training. 

 Promotion of formal education for increasing the 
adaptive capacity of people. 

 Local and institutionalized responses should support 
each other. 

 Risk management and strategies of vulnerability re- 
duction should be adopted. 

 System representation in sufficient operational and 
hydrologic detail. 

As the adaptation process needs all stakeholders’ con- 
tribution to the process, the involvement of stakeholders 
in decision making is important and it is in implicit form 
in combined framework but it should be explicitly shown. 
As the climatic, non climatic factors are dynamic in nature, 
the actions performed for the implementation of adapta- 
tions should be regularly revised, modified and commu- 
nicated to the concerned stakeholders. So involvement of 
stakeholders in decision making and revision, modifica- 
tion and communication of adaptation actions to con- 
cerned stakeholders are very important aspects and they 
are added in the combined approach framework given in 
[4] to derive modified combined approach framework of 
climate impact and adaptation assessment as presented in 
Figure 2.  

Thus modified combined approach framework of cli- 
mate impact and adaptation assessment will be more use- 
ful than the earlier framework. 
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Figure 2. Modified framework of climate impact and adap-
tation assessment. 

4. Conclusion 

The objective guidelines for adaptation planning and ma- 
nagement are the basis for carrying out adaptation meas- 
ures across the world. The objective guidelines have two 
approaches: hazard based approach and vulnerability bas- 
ed approach. But combined approach of these two with 
more emphasis on vulnerability approach was suggested 
to be the best [4]. So modifying this combined approach 
framework of objective guidelines on the basis of policy 
implications derived from different case studies will help 
in overall improvement of adaptation process. So this 
combined approach framework is modified to get modi- 
fied combined approach framework of guidelines for cli- 
mate impact and adaptation assessment by adding the 
components related to: 1) explicit mentioning of stake- 
holders 2) revision, modification and communication of 
adaptation actions to relevant stakeholders. This modified 
framework will be useful in improving overall procedure 
of climate impact and adaptation assessment.  
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