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Abstract

In the international arena, two broad policy responses have 
emerged to deal with negative impact of climate change, i.e. 
'mitigation' and 'adaptation'. Though adaptation is required to 
reduce un-mitigated climatic impact, the ongoing international 
climate conventions and scholarly studies have given less 
emphasis to it in comparison to mitigation. In climate change 
economics literature, the notion adaptation has been used in 
two discourses: 'impact' and 'vulnerability', and both are 
different in the context of not only addressing research question 
but also assessing adaptive capacity. Assuming adaptation as 
'static or end-point' approach, the impact studies have 
estimated potential impact cost, which involves both 
adaptation and residual or un-mitigated impact cost, based on 
projected emission scenarios now and forever. The 
vulnerability studies, in contrast, have presumed adaptation as 
'starting-point' approach, and assessed risk of an entity within 
the broader social, economic, political and environmental 
context. In the context of adaptation, the former (impact) 
assumes clairvoyant farmer hypothesis, and hence, suggests 
climate specific adaptations. The later (vulnerability), on the 
other hand, views adaptation as the current ability of a person 
to cope with risk and secure livelihoods, which in particular 
assessing vulnerability, who adapts and his/ her risk attitude 
behaviour, and process of occurring adaptations. Though the 
purpose of both is to reduce negative impact through 
adaptation, the present study surveys both the sets of studies 
based on two questions: how the notion of adaptation is being 
articulated and to what extent their findings are useful for 
implementing and facilitating adaptations.          
 Key Word: climate change, adaptation, impact, and 
vulnerability      
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1. Introduction

In recent years, the scientific studies on climate change have 
categorically demonstrated that climate variation in the short run and 
climate change in the long run will have non-linear negative welfare 
effect in the decade yet to come, in developing nations particularly 
(see McCarthy et al., 2001; Stern, 2006; Mendelsohn et al., 2006; and 
Parry et al., 2007). In the international arena, two broad policy 
responses have emerged to deal with the climate change, namely, 
mitigation and adaptation. The international climate conventions (e.g. 
United Nations Framework Convention on Climate Change-
UNFCCC) and the scholarly literature, however, have emphasized 
mitigation as a major policy prescription, giving relatively less 
importance to adaptation (Pielke et al., 2007; and Kumar, 2009a). Of 
late, the later has been recognized as an effective tool in reducing un-
mitigated climatic impact; it is due to four reasons.

First, the society is already experiencing and also committed to 
certain irreversible impact due to the past and present emission of 
greenhouse gases (GHGs) (Stern, 2006; Pielke et al., 2007; and Adger 
and Barnett, 2009). Second, an ex-ante adaptation is more effective, 
less costly and also sustainable (i.e. avoid mal-adaptation) than an ex-
post adaptation (McCarthy et al., 2001; and Adger and Barnett, 2009). 
Stern (2006), for example, estimated that the cost of action can be 
limited to 1 percent of the global GDP (Gross Domestic Product) each 
year. Third, several million of people are already exposed to poverty, 
and thus the added climatic risk will have harder impact on their 
livelihood (Pielke et al., 2007). Fourth, there are strong concerns from 
the vulnerable developing nations to enhance their resilience capacity 
through international responses in the form of adaptation (Pielke et 
al., 2007).

In the climate change economics literature, the notion adaptation 
has been used in two discourses: assessment of climatic impact and 
climate change vulnerability. Though adaptation is used in both the 
discourses, they are different in terms of not only the research 
question they address but also the way in which they assess adaptive 
capacity. In the context of the adaptation, the former (impact) is a 
prescriptive or normative exercise or scientifically driven analysis (i.e. 
advising decision makers on how they should act), whereas the later 
(vulnerability) is a descriptive analysis or positive approach (i.e. 
illustrating how the decision makers are presently acting). 

Impact studies in general estimate the likelihood of cost of 
impact based on the projected emission scenarios now and forever. 
Here, the impact cost involves both adaptation cost and the cost 
beyond adaptation, i.e. residual or un-mitigated cost (Tol et al., 1998). 
These studies estimate the cost in terms of net impact minus 
adaptation. The vulnerability studies, in contrast, assess risk of an 
entity within the broader social, economic, political and 
environmental context. Here, adaptation is viewed as starting-point, 
i.e. vulnerability drives adaptation rather than adaptation driving it, 
and views adaptation as the current ability to cope with risk and 
secure livelihoods. In doing so, the vulnerability is the function of 
exposure, sensitivity and adaptive capacity (McCarthy et al., 2001).  

Though the purpose of both the studies is to reduce negative 
welfare effect through adaptation, this paper surveys both literature 
with two questions in mind: (i) how the notion adaptation is being 
articulated1, and (ii) to what extent their findings are useful for 
implementing and facilitating adaptations i.e. assessing vulnerability 
dynamics (identifying risks that affect human welfare, vulnerable 
entity and causes of the vulnerability), who adapts and what is the risk 
attitude behaviour of the adapted entity, and how do both ex-ante and 
ex-post adaptations occur (for a given level of options and barriers). 
For instance, the salt resistant seeds (e.g. Lunishree) can be treated as 
an ex-ante adaptation option for the poor farmer as it reduces the 
expected future crop loss due to storm surge; this is being suggested 
by the impact studies. It, however, could be a mal-adaptive option as it 
completely ignores non-climatic risks (e.g. social, political and 
economic risk2), current adaptive capacity of the farmer and feasibility 
of such adaptations; these issues are addressed in the vulnerability 
studies. Increasingly, such information have significant policy 
relevance in the context of prioritizing limited resources for the most 
vulnerable, and also for designing effective adaptation strategies to 
reduce vulnerability. The following flow diagram captures the 
conceptualization of the adaptation that is used in both the discourses 
discussed above. 

Given this background, the present study attempts to provide a 
critical review of both the studies in the context of the adaptation 
issues. The next section derives the meaning of adaptation in the 
climate change discourse. The rest of the paper outlines both impact 
driven adaptation and vulnerability driven adaptation approaches.   

2. Adaptation to Climate Change Meaning

Adaptation in general refers to the act of how the individuals, 
communities and societies adjust their activities, life courses, and 
location to get advantage from the fluxes of the social-ecological 
systems. It means to be more suitable (or to fit some purpose) by 
altering or modifying the current activities. It, however, has specific 
interpretation in different disciplines. For instance, in ecology, it 
frequently refers to the changes by which an organism or species 
becomes adapted to its environment, whereas in social sciences, it 
refers to the adjustments by individuals to the collective behaviour of 
the socio-economic systems (Smit et al., 2009).

In the climate change context, it means the adjustment in human 
and natural systems to actual or expected climatic stimuli, which can 
reduce negative impacts and take advantage of the positive (Agrawala 
and Fankhauser, 2008: 20). During the last two decades, various 
definitions of adaptation have emerged in the climate change context 
(see table 1). 

3. Impact Driven Adaptation Approach

In environmental economics literature, the environmental 
problem in general is considered as negative externality that has 
harmful impact on the human welfare. It could be analyzed in two 
ways: loss of human welfare through its potential impact is examined 
through market and price mechanism, and implementing institutional 
regulations (e.g. taxation, tradable permits and command-and-control) 
to control it (Spash, 2002). Likewise, the climate change economics 
studies (see Fankhauser, 1994; and Tol, 2008) have assessed the 
potential climatic impact cost on the human welfare now and forever 
based on projected GHG emission scenarios, and thus, suggested 
optimal path of mitigation (i.e. through implementing carbon tax and 
controlling the GHG emission level3) and also assessed the benefits of 
hypothetical adaptations4.

The potential impact cost that this study has discussed here has 
included both residual or unmitigated impact cost (i.e. inundation of 
the unprotected area), and the adaptation cost (i.e. cost of dyke to 
buffer against sea level rise and storm, and insurance cost in case of 
agriculture and infrastructure etc); the sum of both is called as social 
cost of carbon. The spatial impact studies have implicitly assumed 
climate specific adaptations for the selected sectors to estimate the 
impact cost (Tol et al., 1998). The cost and importance of adaptation, 
however, are not directly observed. Focusing on the effectiveness of 
adaptation, the sector wise studies (e.g. agriculture and sea level rise), 
on the other hand, have assessed the potential impact that follows with 
and without approach (Tol et al., 1998). In fact, both of them (spatial 
and sector wise studies) do not have separate adaptation cost 
estimation.
As the focus of the recent international climate change negotiation is 
shifting towards adaptation5, more attention is being paid to estimate 
the separate adaptation cost. Henceforth, the scholarly articles (i.e. 
both at macro and micro scale)6 have emerged to estimate anticipated 
or realized adaptation cost that not only helps international negotiators 
in order to allocate adaptation funds to the developing nations but also 
designs national adaptation strategies (World Bank, 2010; and 
Fankhauser, 2010). This section is therefore devoted to review both 
impact and adaptation cost studies. It primarily focuses on the 
hypothetical adaptation assumptions that each study has taken and to 
what extent they examine issues associated with the adaptation 
decision making process.    

3.1. Impact Cost Assessment

In the context of estimating the climatic impact cost, three 
approaches have emerged in the literature: enumerative approach 
(total damage is the sum of the individual damage categories partial 
equilibrium), general equilibrium approach (initial impact could have 
higher order effects and spill over to other sectors of the economy, e.g. 
the climatic impact on agriculture would have significant impact on 
food security) and shadow value approach (concerned with marginal 
damage per ton of GHG emission) (Fankhauser, 1994).  
During the early 1990s, the welfare of the climatic impact was studied 
mainly by four economists, e.g. William Cline, William Nordhaus, 
Samuel Fankhauser and Richard Tol, on different sensitive sectors 
(e.g. agriculture, sea level rise, health, eco-system and natural hazard 
etc) of the world, particularly the USA; these studies have followed 
enumerative approach. In the USA context, these studies have 
monetized the damage cost as 1 to 2 percent of GNP (gross national 
product) with respect to the doubling CO

2
 (i.e. 2.5 to 30C warming) 

(see Nordhaus, 1993; and Fankhauser, 1994). In the world context, 
Nordhaus has claimed that the USA result could be valid worldwide 
(Fankhauser, 1994). Cline, in contrast, estimated the overall damage 
as 6 percent of the GDP with 100C, and may be increased to 20 
percent under the pessimistic scenario (Heal, 2008). Besides 
discrepancy in the aggregate damage cost, these studies also have 
considerable differences in the face of individual damage categories 
(see Fankhauser, 1994). Likewise, Stern (2006) has calculated the 
potential impact cost would be in the range of 5-20 percent of the 
GDP now and forever.

Apart from the above studies, there is a wide range of studies 
that have estimated the potential impact cost not only at the spatial 
scale but also the sector wise. We have, however, reviewed a very 
minimum number of studies7 (see Table 2). The sector-wise studies 
have also emerged separately, particularly in agriculture, to estimate 
the climatic impact on the different sectors. The studies on agriculture 
have followed the general equilibrium approach to estimate the 
climatic impact and outline the benefits of hypothesized adaptation in 
the context of reducing the potential impact (see Table 3).
Under the backdrop of the above studies, one can find two divergent 
results. Most of the studies have estimated the global impact as either 
beneficial (e.g. Mendelsohn et al., Tol, and Hopes studies in Table 2) 
or slightly harmful (i.e. 1 to 2 percent) except Cline and Sterns 
assessment. Importantly, these studies have found that the developing 
nations are severely affected as compared to the developed nations 
(Mendelsohn et al., 2006; see Table 2). Here, the cost and the 
importance of the hypothesized adaptation cant observe directly. But, 
the range of 7 to 25 percent of the total cost can be classified as 
adaptation cost in the studies by Cline, Fankhauser and Tol (Tol et al., 
1998: 111). Importantly, the effectiveness of the adaptation is being 
observed in the case of sector wise studies, particularly agriculture. 
For example, Table 3 shows that farm level adaptation has reduced the 
impact by 30 to 100 percent (depending on the spatial scale).

These divergent findings (e.g. either under-estimating or over-
estimating) are dependant not only on the methodological 
assumptions that each study has taken in the context of conventional 
cost-benefit analysis8 and adaptation but also how these studies treat  
missing impacts, valuation of non-market goods, uncertainty or 
irreversibility or catastrophic impact and time horizon. Though all the 
above mentioned issues are required to be discussed, the present study 
has focused only on issues associated with adaptation9.

Both the spatial and sector-wise impact studies have assumed 
that the climate change is the only threat to the society in the 21st 
century, and everybody living in the present society are similarly 
exposed and also adapt. As we know, the present society is also 
exposed to other non-climatic risks (e.g. social, economic, political 
and environmental) that not only make them more susceptible to 
climatic risk but also affect the process of undertaking suggested 
climate specific adaptations. The understanding of such issues is still 
missing in the impact literature. Though these studies have focused 
only on climate change to suggest specific adaptive measures, it is still 
incomplete as only two factors of the climate change have been 
reckoned, e.g. temperature and rainfall. These studies therefore are 
ignoring the adaptation measures in the context of extreme events 
(e.g. cyclonic storm, flood and drought etc) and irreversible damages 
(e.g. loss of eco-system).

In the context of adaptation, the impact studies have pursued 
three projected scenarios: no adaptation, arbitrary adaptation and 
observed adaptation (Tol et al., 1998). The earlier impact studies (e.g. 
Adams et al., 1990) have assumed no adaptation, i.e. dumb farmer 
hypotheses. It seems there is no change in humans response in the 
face of changing climate. The complete ignorance of the adaptation 
could be over-estimated damage cost, because Table 3 clearly outlines 
the importance of adaptation to reduce the climatic impact. 

The global studies have tried to correct this shortcoming by 
assuming arbitrary scenarios on adaptation, i.e. either few adaptation 
measures or perfect adaptation. For example, the above global studies 
(e.g. Nordhaus, Cline, Fankhauser and Tol) have estimated impact 
cost for 15 different damage categories (see Fankhauser, 1994), 
however, adaptive measures are considered for only five of them (Tol 
et al., 1998), even though incomplete. In fact, in many cases the costs 
associated with adaptation are not included in the assessment, i.e. 
adaptation is cost free (Tol et al., 1998). Likewise, the agricultural 
studies have also assumed climate specific adaptation measures, e.g. 
Rosenzweig and Parry (see Table 3) have considered changing 
planting date and crops, and additional irrigation as farm level 
adaptation measures.
Further, the observed adaptation examines how different societies and 
individuals have adapted to the changes in climate in both the spatial 
and the temporal context (Tol et al., 1998). In the spatial scale, the 
adaptation measures taken by the different societies are likely to be 
captured, whereas the studies focusing on the temporal scale observe 
how the societies adapted to the past climatic change. For example, in 
the case of MINK (Missouri, Iowa, Nebraska and Kansas), Easterling 
et al.s study (see Table 3) has considered adaptation measures such as 
changing planting date and crops, improved irrigation and drought 
resistant seeds, and hence, established that these adaptation measures 
reduce impact by 29 to 60 percent. 
Focusing on the normative framework, the impact studies have 
suggested engineering and technological climate specific adaptations, 
and also assumed that each people will take such adaptations in order 
to reduce the expected future loss. Having bio-physical (i.e. agro-
ecological zone), social, economic and cultural diversity even in at the 
household level, it is too difficult to assume perfect adaptation 
hypotheses that everybody is able to adopt such adaptations. In 
addition, it only focuses on climate specific adaptation measures while 
ignoring development based activities (e.g. literacy and employment 
generation), which in general are called no-regret adaptations and 
increase the adaptive capacity of the people to stand against wide 
range of impacts. Further, it also fails to understand how adaptation 
occurs, the costs involved in the process and constraints of 
implementing such adaptation measures.   

3.2. Adaptation Cost Assessment

As mentioned above, few studies have been carried out to 
estimate the adaptation cost separately both region and sector wise 
(see Agrawala and Fankhauser, 2008; Parry et al., 2009; Fankhauser, 
2010; and World Bank, 2010)10. A survey on adaptation cost by 
Fankhauser (2010) has cited the earlier studies (e.g. World Bank, 
UNDP, OXFAM and Stern) as first generation studies, whereas the 
recent studies (e.g. UNFCCC) are grouped under second generation 
studies. The objective of these studies is to calculate price tag for 
adaptation to help policy makers in the global, regional and local 
context.

The first generation studies (see Table 4) have shared a common 
methodology for calculating the adaptation cost, which was first 
developed by the World Bank. Without mentioning adaptation 
options, these studies first estimated the fraction of current investment 
flows to climate sensitive sectors (e.g. 2-10 percent Gross Domestic 
Investment, 10 percent of Foreign Direct Investment and 40 percent of 
Official Development Assistance) and then used a mark-up factor (i.e. 
assumed 10-20 percent) that reflects the cost of climate-proofing 
future capital investment (Fankhauser, 2010).

The second generation studies estimated the adaptation cost, 
particularly for five sectors, e.g. agriculture, water, human health, 
coastal zones and infrastructure (see Table 5), even though these 
estimates are incomplete. UNFCCC (2007), for example, calculated 
the cost as US$ 49-171 billion per year for the year 2030. Further, the 
recent study by the World Bank (2010) has calculated the adaptation 
cost as US$ 89.6 and 77.7 billion in case of the world under two 
scenarios, e.g. NCAR (National Centre for Atmospheric Research) 
and CSIRO (Commonwealth Scientific and Industrial Research 
Organization) (see Table 4). Besides, there are also substantial studies 
to estimate adaptation cost for different regions and sectors (e.g. see 
Agrawala and Fankhauser, 2008). 

On the other hand, the study by Mckinsey (2009) has quantified 
the micro-level adaptation cost to identify the cost-effective options. 
Followed by the conventional cost-benefit analysis, it has identified 
cost-effective adaptation options for eight countries, including 
Maharashtra drought in India. It has adopted three methodological 
steps to estimate the cost curve: what are the prominent climatic risks 
that present society faces, to what extent the expected welfare of the 
society is lost from the identified risk current and in future, and what 
are the feasible adaptation options and what is the priority order on 
economic basis.

Unlike the impact cost literature, the adaptation cost research is 
still in its infancy. The first generation studies are, as Parry et al. 
(2009) have quoted, not substantive and they lack empirical evidence 
to choose the climate proofing mark-ups (Fankhauser, 2010). In the 
context of the other studies (e.g. UNFCCC, World Bank and 
Mckinsey), there are five important gaps: scope, depth, costing, 
uncertainty and time horizon (Fankhauser, 2010), and feasibility.

The first gap is scope, i.e. whether it covers all relevant impacts 
and countries. The adaptation cost studies have considered only the 
climatic impact and excluded the non-climatic impact, which could 
act as a barrier to implement adaptations. Even though it reckons only 
the climatic impact, it is still incomplete to cover all the impacts 
associated with the climate (e.g. three climatic impacts are considered 
in the World Banks Bangladesh case study: coastal, extreme events 
and social; see World Bank, 2010). On the other hand, it has also 
concentrated on few countries to calculate the adaptation cost. For 
instance, the World Bank study (see World Bank, 2010) has estimated 
the adaptation cost for seven countries: Mozambique, Ethiopia, 
Ghana, Bangladesh, Vietnam, Bolivia and Samoa. In spite of these 
problems, these studies have provided the adaptation cost estimation 
for limited sectors (e.g. five sectors in case of the UNFCCC study, and 
importantly, eco-system has not been included).  

The second gap is depth, i.e. whether all relevant adaptation 
options are considered for a given level of impact. These studies have 
assumed climate specific planned public adaptation to estimate the 
adaptation cost, and ignored private adaptation measures (i.e. 
autonomous adaptation). Importantly, it prefers only hard options 
(engineering solutions) over the soft behavioural and regulatory 
adaptations (agriculture in the UNFCCC and extreme weather events 
in the World Bank study are exceptions) as they are easy to estimate 
cost, feasible to implement, and not dealing with other social and 
institutional settings (Fankhauser, 2010).  
The third gap is costing, i.e. whether all relevant costs are included. 
Importantly, most estimates focus on investment costs, but ignore 
lifetime costs that include operating and decommissioning costs, and 
institutional and administrative costs (Fankhauser, 2010).  

The fourth gap is uncertainty and time horizon. It is wrong to 
assume perfect knowledge about future climate, i.e. clairvoyant 
farmer hypothesis, which has been adopted in all the cost estimates. 
On the other hand, these studies estimated the adaptation cost for a 
given future time period (e.g. 2030 and 2050 in the UNFCCC and the 
World Banks estimations respectively).  

The fifth gap is feasibility, i.e. possibility of implementing such 
adaptive measures within the existing social, economical and 
institutional settings. There is no such adaptation cost study which has 
looked into this issue.

4. Vulnerability Driven Adaptation Approach

The concept vulnerability has gained prominence from the 
ongoing climate change research, particularly after the Third 
Assessment Report (AR3) of the Inter-governmental Panel on Climate 
Change (IPCC). Therefore it should be noted that most of the scholars 
are interested in assessing vulnerability from different perspectives: 
region, sector, social groups and eco-systems etc. Despite noteworthy 
efforts (e.g. Janssen et al., 2006 outlined that 939 articles had cited it 
as a major theme of the climate change research), there existed a large 
number of definitions even within a single discipline (see Cutter, 
1996), and also lacked a widely accepted conceptual framework and 
empirical methodology. Henceforth, a wide range of disciplines have 
developed their own vulnerability framework for empirical 
assessment, even though they have similar research problems and 
objectives (Fussel, 2007). In particular, there is no presuming 
assumption that each discipline has to follow similar methodology and 
conceptual framework (Alwang et al., 2001). 
The vulnerability research, however, still has larger policy 
implications in the context of addressing issues associated with 
facilitating and implementing adaptations. It pronounces adaptation as 
the starting-point, i.e. present ability of the individual and household 
to secure livelihoods in the face of risks within the broader social, 
economic, political and environmental contexts. Instead of focusing 
on the climate oriented adaptations that impact studies do, it has 
shifted towards integrated (i.e. mix of development and climate 
specific adaptations) and less climatic focused no-regret adaptations. 
Such adaptations not only enhance the overall capacity of the 
individual and household to buffer against wide range of impacts but 
also not regret in the future about their adaptation investment in case 
of no climatic events. It in particular addresses specific research 
questions associated with the adaptation. For instance, what are the 
risks (climatic and non-climatic) that present society faces, who is 
vulnerable (dependant on the scale of assessment) and why, who adapt 
and the risk attitude behaviour of the adapted entity, and how do such 
adaptations occur with given level of options and barriers. 

Meanwhile, the notion vulnerability has already been discussed 
in other discourses like food security, poverty and natural hazard etc. 
In fact, these antecedent discourses have given broader perspectives to 
analyze vulnerability to the climate change. In this section, this study 
has discussed on how earlier studies have articulated adaptation within 
the broader notion of  vulnerability, and to what extent climate change 
research has addressed issues related to adaptation.

4.1. Understanding of Vulnerability in Poverty, Famine 
and Natural Hazard

In the poverty discourse, the notion vulnerability has been used 
to assess how the welfare of the people is being affected by different 
risks (e.g. idiosyncratic risk ill health of bread winner, and covariate 
risk natural hazard and war etc). In general it is often viewed as a 
synonym for the poor (Chambers, 1989), i.e. the people below poverty 
line are always considered as vulnerable because they dont have the 
capacity to stand against such risks. But, vulnerability is more than 
poverty. For instance, the poverty measured in terms of low income 
can be reduced by borrowing and depleting existing resources, 
however such debt can make people more vulnerable in the future. 
This said, the poor people are not equally exposed to risks, and in fact, 
the non-chronic poor people can also fall into poverty due to risks. 
Vulnerability here refers to an ex-ante risk that a household will have 
at the welfare level (i.e. consumption or income) below some norm or 
benchmark in the future due to risk, shocks and stress, provided the 
current status of the household (Hoddinott and Quisumbing, 2003). 
Importantly, the aim is to examine how vulnerable households can be 
helped to better manage or be less susceptible to such risks.

The degree of vulnerability therefore depends on the 
characteristics of the risk (i.e. an external side to which a household is 
exposed), and households ability to respond to risk (i.e. an internal 
side that means lack of coping capacity) (Chambers, 1989). In the 
context of assessing risks, these studies have assessed the risks/ 
shocks that affect human welfare, intensity of these shocks and the 
affected entity (see Dercon et al., 2005). Ability to respond to risk, on 
the other hand, broadly depends on the households asset-base (e.g. 
tangible and intangible asset), which occurs in two stages: income 
smoothing/ ex-ante (i.e. income diversification: buying insurance and 
off-farm activities, and income skewing: low risk production), and 
consumption smoothing/ ex-post (i.e. borrowing, depleting and 
accumulating non-financial assets, adjusting labour supply and 
dropping out children from school etc) (Morduch, 1995). In this 
context, these studies have assessed the sources of vulnerability, 
households coping strategies and risk attitude behaviour11 
(Binswanger, 1978; Eswaran and Kotwal, 1990; and Yamauchi et al., 
2009), effectiveness of coping (Dercon and Krishnan, 2000), and 
options and constraints of such coping measures (Dercon, 2002).

The famine literature has used three important approaches to 
understand the vulnerability, i.e. production, exchange and asset 
(Swift, 2006). Initially, the notion famine was conceptualized as 
failure of production due to drought, flood, and animal and plant 
diseases, which leads to decline in consumption. Amartya Sens classic 
work on famine, in contrast, has established that it has happened 
where there was no failure of production, and hence, identified that 
failure of exchange or entitlement capacity was the prominent cause 
of famine among the poor people (Sen, 1986). Here, Sen argued that 
the means of poor peoples production activities or endowments (e.g. 
labour, cash crops and animals) are affected during the famine period, 
which in turn influences the consumption pattern of the poor people. 
It seems that an individual or household is vulnerable if his/her 
endowment bundle or entitlement capacity is low. It outlines the 
adaptive capacity and also examines both inter and intra-household 
differential vulnerability12.

The third approach asset has particularly extended the discussion 
on the terms of trade part of Sens entitlement analyses. It means sum 
of both tangible and intangible assets to assist in time of crisis, which 
can be classified as investments (education and health), stores (food, 
gold and bank accounts) and claims (assistance from family friends, 
government and international organization) (Swift, 2006: 44). In this 
context, households have portfolios of investments, stores and claims 
which can be changed over seasons and longer periods, and also 
viewed as households adaptive capacity to deal with different stress 
and shocks. With assessing these three factors, one can clearly 
describe why a group of people is more vulnerable than others and to 
what extent they can insure themselves.

Further, vulnerability is also used in other discourses like risk-
hazard, human ecology or political ecology and natural hazard. The 
risk-hazard studies are especially based on the dose-response model, 
i.e. combination of exposure to any risk and sensitivity of the exposed 
entity (Turner et al., 2003). The human ecology or political ecology 
approach, however, has criticized it as not dealing with political 
economy, especially social structures and institutions. This approach 
therefore has emphasized on the role of social, economic and political 
factors of a given system to define vulnerability (Adger, 2006).

Combining these two traditions of the hazard research (risk-
hazard and political ecology), Wisner et al. (2004) have developed 
pressure and release model, where risk is the function of perturbation/ 
stress, and vulnerability of the exposed unit, i.e. Risk = Hazard x 
Vulnerability.  Here, vulnerability is part of the risk, which is 
explained as capacity to anticipate, cope with, respond to and recover 
from an external stress. It depends on the combination of three social 
factors: root causes, dynamic pressures and unsafe conditions (see 
Wisner et al., 2004). The root causes deal with the economic, 
demographic and political processes within the society to derive the 
distribution of power. The dynamic pressures act like a mediator to 
transfer the root causes into particular forms of insecurity (i.e. unsafe 
conditions) by reducing access to resources (see Wisner et al., 2004). 
Further, Cutter (1996) has classified vulnerability as the vulnerability 
to exposure (i.e. conditions that make people or places susceptible to 
hazards), vulnerability as a social condition (i.e. measure of resilience 
to hazard), and vulnerability as a place or region (i.e. integration of 
both exposure and societal resilience with focus on a particular 
region).          

4.2. Vulnerability to Climate Change

The existing climate change studies (e.g. McCarthy et al., 2001; 
Brooks, 2003; Turner et al., 2003; Ionescu et al., 2005; Adger, 2006; 
Fussel, 2007; and OBrien et al., 2007) have asserted that the 
vulnerability is the complex interaction between human-environment 
or social and ecological systems13, which is called as an integrated 
approach. The former (socio-economic) means the state of a human 
system which is shaped by political, economic and social process; it 
can either put people at more risk or reduce the impact of shocks. 
Importantly, it understands why there exists differential vulnerability 
among the people even in a particular space and exposed to similar 
hazards, i.e. the adaptive capacity to defense against the climatic 
hazards. The later (bio-physical), in contrast, refers to the likelihood 
of occurrence of climatic shocks (Brooks, 2003). Thus, the 
vulnerability of a system (i.e. household, community or country) is 
depending on the systems propensity to be adversely affected 
(includes both exposure and sensitivity), and systems ability to deal 
with or recover from its adverse impacts (adaptive capacity).      
The climate change scholars have in general followed the IPCC AR3 
definition to assess vulnerability. It defines vulnerability as the degree 
to which a system is susceptible to or is unable to cope with adverse 
effects of climate change including climate variability and extremes, 
and it is the function of the character, magnitude, and rate of climate 
variation to which a system is exposed, its sensitivity and its adaptive 
capacity (McCarthy et al., 2001: 995). 
Though substantial studies have emerged in the climate change 
vulnerability context (see Janssen et al., 2006), the present study has 
cited few of them14 in the context of the developing nations generally, 
and particularly India, to highlight the extent to which the ongoing 
vulnerability research has addressed issues associated with adaptation. 
In the late 1990s, the vulnerability studies considered social 
vulnerability as the entry point of the climate change policy decisions, 
which means the capacity of the individual to cope or recover from 
the external stress that placed on their livelihood (Kelly and Adger, 
2000). Following Sens entitlement approach, Kelly and Adger (2000) 
have assessed both individual and collective vulnerability (both are 
not mutually exclusive) in the context of coastal Vietnam to cyclonic 
storm. Here, the process of the entitlement or the pattern of access to 
resources is determined by both assets that each individual has and 
context within which they are distributed, including formal structures 
and more diffused rules of the game and social and cultural norms. 
Hence, the variation of command over resources has been used to 
derive the diversified vulnerability, which is known as the systems 
inherent capacity. However, such assessment was criticized in the 
context of missing the notion of physical vulnerability.
Adopting the IPCC methodology, wide range of scholarly literature 
(e.g. in the Indian context: see OBrien et al., 2004; Kumar and 
Tholkappian, 2006; and Sharma and Patwardhan, 2008a and b) has 
assessed vulnerability to identify the hotspots and the causes of the 
vulnerability, which can assist policy makers to disburse limited 
resources based on the vulnerability rank. Further, the recent study by 
Adger et al. (2009) has extended the spatially bound vulnerability 
assessment by incorporating the idea of nested and tele-connected. It 
shows that vulnerability is concerned with a large scale process of 
socio-cultural change and market integration. For example, the 
vulnerability of a coffee farmer in Vietnam depends on the adoption 
of the globalization policy in the Mexican coffee sector. But, such 
assessments still do not incorporate issues associated with adaptation 
(e.g. facilitation and implementation of the adaptation measures) into 
the vulnerability assessment. On the other hand, a few studies have 
emerged in the recent years in Africa (see Maddison, 2007) to 
examine adaptation issues, e.g. peoples perception on the climate 
change and the adaptation measures, and options and barriers on 
implementing such adaptations. However, such assessments are 
missing in the Indian context.   

5. Conclusions

The recent experience has recognized that the adaptation is a 
successful tool to deal with the unmitigated climatic impact, and 
hence, the recent ongoing climate negotiations have given special 
emphasis on it. Meanwhile, it is used by two climate change 
economics discourses, such as impact and vulnerability. It was 
interpreted as normative/ scientific driven perspective in the former 
discourse, whereas the later articulated it as descriptive/ positive 
perspective. However, both are different in the context of not only 
addressing the research question but also assessing the adaptive 
capacity.
Assuming adaptation as static or end-point approach, the impact 
studies have calculated the future potential impact cost based on the 
projected scenarios. Though the impact cost estimation includes 
adaptation and residual impact cost, the former (adaptation cost) 
cannot be directly observed from the impact studies. Further, the 
effectiveness of the adaptation is being examined in the sector wise 
impact studies (e.g. agriculture), and not in the spatial impact 
assessment. In the recent years, few scholarly studies have emerged to 
estimate separate adaptation cost, even though incomplete, to help 
policy makers at the global, regional and local scale. In the adaptation 
context, both the impact and adaptation cost studies have assumed 
clairvoyant farmer hypothesis, i.e. people know exactly the future 
climatic impact and climate specific adaptations. However, it is wrong 
to assume perfect knowledge about the future climatic impact as the 
available scenarios are still uncertain. In addition, it is also difficult to 
assume climate driven adaptations excluding non-climatic risks, and 
not assessing the feasibility of adaptations, i.e. peoples behaviour, and 
options and constraints. 
Presuming adaptation as the starting-point, the vulnerability discourse, 
in contrast, has assessed the risk of an entity within the broader social, 
economic, political and environmental context. In doing so, it views 
adaptive capacity as the current ability to cope with risk and secure 
livelihoods, and also addresses specific research issues, such as 
identifying welfare reducing risks (climatic and non-climatic) and 
vulnerable entity, how people cope with these risks, and feasibility of 
these coping mechanisms (given the level of options and barriers). 
Increasingly, such information have significant policy relevance to 
prioritize limited resources for the most susceptible and also for 
designing the most effective adaptations. 

In the context of the empirical studies in India, the vulnerability 
research so far has developed to identify vulnerable hotspots. It in 
general identifies who is vulnerable (e.g. district) and the causes of 
vulnerability. However, such information are not enough to design 
most of the effective adaptations. As the literature suggests that there 
is differential vulnerability even at household level, it thus needs to 
downscale the vulnerability assessment, and on the other hand, there 
is a scope to examine issues associated with facilitating and 
implementing adaptations.

Notes

1 See OBrien et al. (2007): for earlier survey in this context. 
2 For example, quoting other studies Pielke et al. (2007) 
argued that global population at risk from malaria would increase by 
100 percent by 2080 without taking climate change into account, 
whereas accounting for climate change would further increase this risk 
by at most 7 percent (p. 598).
3 Nordhaus, for example, has suggested carbon tax as US$ 11 
per ton CO

2
 in 2015, 15 in 2025, 24 as late as 2050 and rising to 55 by 

2100 (Cline, 2010: 388). In the context of reducing the GHG 
emission, Nordhaus has proposed the optimal rate of emission 
reduction as 10-15 percent (Tol, 2008: 440), and Stern, in contrast, 
has suggested 30-70 percent reduction in the next two decades 
(Nordhaus, 2007: 201).
4 For example: irrigation, changing cropping patterns or 
production systems in the case of agriculture; and sea dyke in the case 
of sea level rise and cyclonic storm.
5 In December 2007 Bali Action Plan (COP-13), the 
developed nations have agreed to provide adequate, predictable, 
sustainable financial resources including official and concessional 
funding for developing country parties in order to adapt to the climate 
change (World Bank, 2010: 1). Further, the COP-15 Copenhagen 
2009 has continued this focus (Ford et al., 2010).  
6 Macro estimation: see Agrawala and Fankhauser (2008); 
Parry et al. (2009) and World Bank (2010); and Micro Estimation: see 
Mckinsey (2009).
7 See Fankhauser (1994); Fankhauser and Tol (1996) and Tol 
(2008): for a comprehensive review on impact cost assessment.
8 It has calculated on the basis of saving equation (i.e. = + g) 
given by Ramsey (1928), which depends on two normative 
parameters: discount rate (i.e. : the future is discounted by the 
economists because they are just future with living in different time 
periods and having different income levels), and consumption 
elasticity (i.e. : the aversion to the economic equality among different 
generations; Nordhaus, 2007).  
9 For other issues: see Fankhauser (1994); Tol (2008) and 
Heal (2008). In addition, a large number of studies have emerged to 
discuss controversies in between Nordhaus and Stern: see Nordhaus 
(2007); Dasgupta (2007); Spash (2007); and Mendelsohn (2008).
10 See Kumar (2009a): for an excellent conceptual and 
methodological review on adaptation cost.
11 Morduchs study in India shows that poor households devote 
larger share of land to safer traditional varieties of rice than to riskier 
and high value activities (c.f. Dercon et al., 2005).  
12 See Agarwal (1990): intra-household vulnerability in India, 
i.e. sharing of risk within the household.
13 For vulnerability framework: see Turner II et al., (2003); and 
for conceptual evolution of vulnerability: see Fussel (2007).
14 See Adger (2006); Fussel and Klein (2006); and Fussel 
(2007): for an excellent review on vulnerability to climate change.
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Abstract

In the international arena, two broad policy responses have 
emerged to deal with negative impact of climate change, i.e. 
'mitigation' and 'adaptation'. Though adaptation is required to 
reduce un-mitigated climatic impact, the ongoing international 
climate conventions and scholarly studies have given less 
emphasis to it in comparison to mitigation. In climate change 
economics literature, the notion adaptation has been used in 
two discourses: 'impact' and 'vulnerability', and both are 
different in the context of not only addressing research question 
but also assessing adaptive capacity. Assuming adaptation as 
'static or end-point' approach, the impact studies have 
estimated potential impact cost, which involves both 
adaptation and residual or un-mitigated impact cost, based on 
projected emission scenarios now and forever. The 
vulnerability studies, in contrast, have presumed adaptation as 
'starting-point' approach, and assessed risk of an entity within 
the broader social, economic, political and environmental 
context. In the context of adaptation, the former (impact) 
assumes clairvoyant farmer hypothesis, and hence, suggests 
climate specific adaptations. The later (vulnerability), on the 
other hand, views adaptation as the current ability of a person 
to cope with risk and secure livelihoods, which in particular 
assessing vulnerability, who adapts and his/ her risk attitude 
behaviour, and process of occurring adaptations. Though the 
purpose of both is to reduce negative impact through 
adaptation, the present study surveys both the sets of studies 
based on two questions: how the notion of adaptation is being 
articulated and to what extent their findings are useful for 
implementing and facilitating adaptations.          
 Key Word: climate change, adaptation, impact, and 
vulnerability      
Acknowledgement: I am grateful to my Ph.D. supervisor Dr. L 
Venkatachalam for sincere guidance, support and also 
correction on an earlier manuscript, and I am therefore able to 
make an effort to write this paper. I would like to sincerely 
thank Prof. K.S. Kavi Kumar for giving me an opportunity to 
prepare a review on 'cost of adapting to climate change: 
concepts, issues and estimates', which has provided useful 
inputs to write this paper. I am also grateful to S Arvind, Ajit 
Menon, G. Uma, Vani Joseph and Nirmal Roy for comments on 
an earlier draft, and Roseliz Francis for language correction.

1. Introduction

In recent years, the scientific studies on climate change have 
categorically demonstrated that climate variation in the short run and 
climate change in the long run will have non-linear negative welfare 
effect in the decade yet to come, in developing nations particularly 
(see McCarthy et al., 2001; Stern, 2006; Mendelsohn et al., 2006; and 
Parry et al., 2007). In the international arena, two broad policy 
responses have emerged to deal with the climate change, namely, 
mitigation and adaptation. The international climate conventions (e.g. 
United Nations Framework Convention on Climate Change-
UNFCCC) and the scholarly literature, however, have emphasized 
mitigation as a major policy prescription, giving relatively less 
importance to adaptation (Pielke et al., 2007; and Kumar, 2009a). Of 
late, the later has been recognized as an effective tool in reducing un-
mitigated climatic impact; it is due to four reasons.

First, the society is already experiencing and also committed to 
certain irreversible impact due to the past and present emission of 
greenhouse gases (GHGs) (Stern, 2006; Pielke et al., 2007; and Adger 
and Barnett, 2009). Second, an ex-ante adaptation is more effective, 
less costly and also sustainable (i.e. avoid mal-adaptation) than an ex-
post adaptation (McCarthy et al., 2001; and Adger and Barnett, 2009). 
Stern (2006), for example, estimated that the cost of action can be 
limited to 1 percent of the global GDP (Gross Domestic Product) each 
year. Third, several million of people are already exposed to poverty, 
and thus the added climatic risk will have harder impact on their 
livelihood (Pielke et al., 2007). Fourth, there are strong concerns from 
the vulnerable developing nations to enhance their resilience capacity 
through international responses in the form of adaptation (Pielke et 
al., 2007).

In the climate change economics literature, the notion adaptation 
has been used in two discourses: assessment of climatic impact and 
climate change vulnerability. Though adaptation is used in both the 
discourses, they are different in terms of not only the research 
question they address but also the way in which they assess adaptive 
capacity. In the context of the adaptation, the former (impact) is a 
prescriptive or normative exercise or scientifically driven analysis (i.e. 
advising decision makers on how they should act), whereas the later 
(vulnerability) is a descriptive analysis or positive approach (i.e. 
illustrating how the decision makers are presently acting). 

Impact studies in general estimate the likelihood of cost of 
impact based on the projected emission scenarios now and forever. 
Here, the impact cost involves both adaptation cost and the cost 
beyond adaptation, i.e. residual or un-mitigated cost (Tol et al., 1998). 
These studies estimate the cost in terms of net impact minus 
adaptation. The vulnerability studies, in contrast, assess risk of an 
entity within the broader social, economic, political and 
environmental context. Here, adaptation is viewed as starting-point, 
i.e. vulnerability drives adaptation rather than adaptation driving it, 
and views adaptation as the current ability to cope with risk and 
secure livelihoods. In doing so, the vulnerability is the function of 
exposure, sensitivity and adaptive capacity (McCarthy et al., 2001).  

Though the purpose of both the studies is to reduce negative 
welfare effect through adaptation, this paper surveys both literature 
with two questions in mind: (i) how the notion adaptation is being 
articulated1, and (ii) to what extent their findings are useful for 
implementing and facilitating adaptations i.e. assessing vulnerability 
dynamics (identifying risks that affect human welfare, vulnerable 
entity and causes of the vulnerability), who adapts and what is the risk 
attitude behaviour of the adapted entity, and how do both ex-ante and 
ex-post adaptations occur (for a given level of options and barriers). 
For instance, the salt resistant seeds (e.g. Lunishree) can be treated as 
an ex-ante adaptation option for the poor farmer as it reduces the 
expected future crop loss due to storm surge; this is being suggested 
by the impact studies. It, however, could be a mal-adaptive option as it 
completely ignores non-climatic risks (e.g. social, political and 
economic risk2), current adaptive capacity of the farmer and feasibility 
of such adaptations; these issues are addressed in the vulnerability 
studies. Increasingly, such information have significant policy 
relevance in the context of prioritizing limited resources for the most 
vulnerable, and also for designing effective adaptation strategies to 
reduce vulnerability. The following flow diagram captures the 
conceptualization of the adaptation that is used in both the discourses 
discussed above. 

Given this background, the present study attempts to provide a 
critical review of both the studies in the context of the adaptation 
issues. The next section derives the meaning of adaptation in the 
climate change discourse. The rest of the paper outlines both impact 
driven adaptation and vulnerability driven adaptation approaches.   

2. Adaptation to Climate Change Meaning

Adaptation in general refers to the act of how the individuals, 
communities and societies adjust their activities, life courses, and 
location to get advantage from the fluxes of the social-ecological 
systems. It means to be more suitable (or to fit some purpose) by 
altering or modifying the current activities. It, however, has specific 
interpretation in different disciplines. For instance, in ecology, it 
frequently refers to the changes by which an organism or species 
becomes adapted to its environment, whereas in social sciences, it 
refers to the adjustments by individuals to the collective behaviour of 
the socio-economic systems (Smit et al., 2009).

In the climate change context, it means the adjustment in human 
and natural systems to actual or expected climatic stimuli, which can 
reduce negative impacts and take advantage of the positive (Agrawala 
and Fankhauser, 2008: 20). During the last two decades, various 
definitions of adaptation have emerged in the climate change context 
(see table 1). 

3. Impact Driven Adaptation Approach

In environmental economics literature, the environmental 
problem in general is considered as negative externality that has 
harmful impact on the human welfare. It could be analyzed in two 
ways: loss of human welfare through its potential impact is examined 
through market and price mechanism, and implementing institutional 
regulations (e.g. taxation, tradable permits and command-and-control) 
to control it (Spash, 2002). Likewise, the climate change economics 
studies (see Fankhauser, 1994; and Tol, 2008) have assessed the 
potential climatic impact cost on the human welfare now and forever 
based on projected GHG emission scenarios, and thus, suggested 
optimal path of mitigation (i.e. through implementing carbon tax and 
controlling the GHG emission level3) and also assessed the benefits of 
hypothetical adaptations4.

The potential impact cost that this study has discussed here has 
included both residual or unmitigated impact cost (i.e. inundation of 
the unprotected area), and the adaptation cost (i.e. cost of dyke to 
buffer against sea level rise and storm, and insurance cost in case of 
agriculture and infrastructure etc); the sum of both is called as social 
cost of carbon. The spatial impact studies have implicitly assumed 
climate specific adaptations for the selected sectors to estimate the 
impact cost (Tol et al., 1998). The cost and importance of adaptation, 
however, are not directly observed. Focusing on the effectiveness of 
adaptation, the sector wise studies (e.g. agriculture and sea level rise), 
on the other hand, have assessed the potential impact that follows with 
and without approach (Tol et al., 1998). In fact, both of them (spatial 
and sector wise studies) do not have separate adaptation cost 
estimation.
As the focus of the recent international climate change negotiation is 
shifting towards adaptation5, more attention is being paid to estimate 
the separate adaptation cost. Henceforth, the scholarly articles (i.e. 
both at macro and micro scale)6 have emerged to estimate anticipated 
or realized adaptation cost that not only helps international negotiators 
in order to allocate adaptation funds to the developing nations but also 
designs national adaptation strategies (World Bank, 2010; and 
Fankhauser, 2010). This section is therefore devoted to review both 
impact and adaptation cost studies. It primarily focuses on the 
hypothetical adaptation assumptions that each study has taken and to 
what extent they examine issues associated with the adaptation 
decision making process.    

3.1. Impact Cost Assessment

In the context of estimating the climatic impact cost, three 
approaches have emerged in the literature: enumerative approach 
(total damage is the sum of the individual damage categories partial 
equilibrium), general equilibrium approach (initial impact could have 
higher order effects and spill over to other sectors of the economy, e.g. 
the climatic impact on agriculture would have significant impact on 
food security) and shadow value approach (concerned with marginal 
damage per ton of GHG emission) (Fankhauser, 1994).  
During the early 1990s, the welfare of the climatic impact was studied 
mainly by four economists, e.g. William Cline, William Nordhaus, 
Samuel Fankhauser and Richard Tol, on different sensitive sectors 
(e.g. agriculture, sea level rise, health, eco-system and natural hazard 
etc) of the world, particularly the USA; these studies have followed 
enumerative approach. In the USA context, these studies have 
monetized the damage cost as 1 to 2 percent of GNP (gross national 
product) with respect to the doubling CO
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 (i.e. 2.5 to 30C warming) 

(see Nordhaus, 1993; and Fankhauser, 1994). In the world context, 
Nordhaus has claimed that the USA result could be valid worldwide 
(Fankhauser, 1994). Cline, in contrast, estimated the overall damage 
as 6 percent of the GDP with 100C, and may be increased to 20 
percent under the pessimistic scenario (Heal, 2008). Besides 
discrepancy in the aggregate damage cost, these studies also have 
considerable differences in the face of individual damage categories 
(see Fankhauser, 1994). Likewise, Stern (2006) has calculated the 
potential impact cost would be in the range of 5-20 percent of the 
GDP now and forever.

Apart from the above studies, there is a wide range of studies 
that have estimated the potential impact cost not only at the spatial 
scale but also the sector wise. We have, however, reviewed a very 
minimum number of studies7 (see Table 2). The sector-wise studies 
have also emerged separately, particularly in agriculture, to estimate 
the climatic impact on the different sectors. The studies on agriculture 
have followed the general equilibrium approach to estimate the 
climatic impact and outline the benefits of hypothesized adaptation in 
the context of reducing the potential impact (see Table 3).
Under the backdrop of the above studies, one can find two divergent 
results. Most of the studies have estimated the global impact as either 
beneficial (e.g. Mendelsohn et al., Tol, and Hopes studies in Table 2) 
or slightly harmful (i.e. 1 to 2 percent) except Cline and Sterns 
assessment. Importantly, these studies have found that the developing 
nations are severely affected as compared to the developed nations 
(Mendelsohn et al., 2006; see Table 2). Here, the cost and the 
importance of the hypothesized adaptation cant observe directly. But, 
the range of 7 to 25 percent of the total cost can be classified as 
adaptation cost in the studies by Cline, Fankhauser and Tol (Tol et al., 
1998: 111). Importantly, the effectiveness of the adaptation is being 
observed in the case of sector wise studies, particularly agriculture. 
For example, Table 3 shows that farm level adaptation has reduced the 
impact by 30 to 100 percent (depending on the spatial scale).

These divergent findings (e.g. either under-estimating or over-
estimating) are dependant not only on the methodological 
assumptions that each study has taken in the context of conventional 
cost-benefit analysis8 and adaptation but also how these studies treat  
missing impacts, valuation of non-market goods, uncertainty or 
irreversibility or catastrophic impact and time horizon. Though all the 
above mentioned issues are required to be discussed, the present study 
has focused only on issues associated with adaptation9.

Both the spatial and sector-wise impact studies have assumed 
that the climate change is the only threat to the society in the 21st 
century, and everybody living in the present society are similarly 
exposed and also adapt. As we know, the present society is also 
exposed to other non-climatic risks (e.g. social, economic, political 
and environmental) that not only make them more susceptible to 
climatic risk but also affect the process of undertaking suggested 
climate specific adaptations. The understanding of such issues is still 
missing in the impact literature. Though these studies have focused 
only on climate change to suggest specific adaptive measures, it is still 
incomplete as only two factors of the climate change have been 
reckoned, e.g. temperature and rainfall. These studies therefore are 
ignoring the adaptation measures in the context of extreme events 
(e.g. cyclonic storm, flood and drought etc) and irreversible damages 
(e.g. loss of eco-system).

In the context of adaptation, the impact studies have pursued 
three projected scenarios: no adaptation, arbitrary adaptation and 
observed adaptation (Tol et al., 1998). The earlier impact studies (e.g. 
Adams et al., 1990) have assumed no adaptation, i.e. dumb farmer 
hypotheses. It seems there is no change in humans response in the 
face of changing climate. The complete ignorance of the adaptation 
could be over-estimated damage cost, because Table 3 clearly outlines 
the importance of adaptation to reduce the climatic impact. 

The global studies have tried to correct this shortcoming by 
assuming arbitrary scenarios on adaptation, i.e. either few adaptation 
measures or perfect adaptation. For example, the above global studies 
(e.g. Nordhaus, Cline, Fankhauser and Tol) have estimated impact 
cost for 15 different damage categories (see Fankhauser, 1994), 
however, adaptive measures are considered for only five of them (Tol 
et al., 1998), even though incomplete. In fact, in many cases the costs 
associated with adaptation are not included in the assessment, i.e. 
adaptation is cost free (Tol et al., 1998). Likewise, the agricultural 
studies have also assumed climate specific adaptation measures, e.g. 
Rosenzweig and Parry (see Table 3) have considered changing 
planting date and crops, and additional irrigation as farm level 
adaptation measures.
Further, the observed adaptation examines how different societies and 
individuals have adapted to the changes in climate in both the spatial 
and the temporal context (Tol et al., 1998). In the spatial scale, the 
adaptation measures taken by the different societies are likely to be 
captured, whereas the studies focusing on the temporal scale observe 
how the societies adapted to the past climatic change. For example, in 
the case of MINK (Missouri, Iowa, Nebraska and Kansas), Easterling 
et al.s study (see Table 3) has considered adaptation measures such as 
changing planting date and crops, improved irrigation and drought 
resistant seeds, and hence, established that these adaptation measures 
reduce impact by 29 to 60 percent. 
Focusing on the normative framework, the impact studies have 
suggested engineering and technological climate specific adaptations, 
and also assumed that each people will take such adaptations in order 
to reduce the expected future loss. Having bio-physical (i.e. agro-
ecological zone), social, economic and cultural diversity even in at the 
household level, it is too difficult to assume perfect adaptation 
hypotheses that everybody is able to adopt such adaptations. In 
addition, it only focuses on climate specific adaptation measures while 
ignoring development based activities (e.g. literacy and employment 
generation), which in general are called no-regret adaptations and 
increase the adaptive capacity of the people to stand against wide 
range of impacts. Further, it also fails to understand how adaptation 
occurs, the costs involved in the process and constraints of 
implementing such adaptation measures.   

3.2. Adaptation Cost Assessment

As mentioned above, few studies have been carried out to 
estimate the adaptation cost separately both region and sector wise 
(see Agrawala and Fankhauser, 2008; Parry et al., 2009; Fankhauser, 
2010; and World Bank, 2010)10. A survey on adaptation cost by 
Fankhauser (2010) has cited the earlier studies (e.g. World Bank, 
UNDP, OXFAM and Stern) as first generation studies, whereas the 
recent studies (e.g. UNFCCC) are grouped under second generation 
studies. The objective of these studies is to calculate price tag for 
adaptation to help policy makers in the global, regional and local 
context.

The first generation studies (see Table 4) have shared a common 
methodology for calculating the adaptation cost, which was first 
developed by the World Bank. Without mentioning adaptation 
options, these studies first estimated the fraction of current investment 
flows to climate sensitive sectors (e.g. 2-10 percent Gross Domestic 
Investment, 10 percent of Foreign Direct Investment and 40 percent of 
Official Development Assistance) and then used a mark-up factor (i.e. 
assumed 10-20 percent) that reflects the cost of climate-proofing 
future capital investment (Fankhauser, 2010).

The second generation studies estimated the adaptation cost, 
particularly for five sectors, e.g. agriculture, water, human health, 
coastal zones and infrastructure (see Table 5), even though these 
estimates are incomplete. UNFCCC (2007), for example, calculated 
the cost as US$ 49-171 billion per year for the year 2030. Further, the 
recent study by the World Bank (2010) has calculated the adaptation 
cost as US$ 89.6 and 77.7 billion in case of the world under two 
scenarios, e.g. NCAR (National Centre for Atmospheric Research) 
and CSIRO (Commonwealth Scientific and Industrial Research 
Organization) (see Table 4). Besides, there are also substantial studies 
to estimate adaptation cost for different regions and sectors (e.g. see 
Agrawala and Fankhauser, 2008). 

On the other hand, the study by Mckinsey (2009) has quantified 
the micro-level adaptation cost to identify the cost-effective options. 
Followed by the conventional cost-benefit analysis, it has identified 
cost-effective adaptation options for eight countries, including 
Maharashtra drought in India. It has adopted three methodological 
steps to estimate the cost curve: what are the prominent climatic risks 
that present society faces, to what extent the expected welfare of the 
society is lost from the identified risk current and in future, and what 
are the feasible adaptation options and what is the priority order on 
economic basis.

Unlike the impact cost literature, the adaptation cost research is 
still in its infancy. The first generation studies are, as Parry et al. 
(2009) have quoted, not substantive and they lack empirical evidence 
to choose the climate proofing mark-ups (Fankhauser, 2010). In the 
context of the other studies (e.g. UNFCCC, World Bank and 
Mckinsey), there are five important gaps: scope, depth, costing, 
uncertainty and time horizon (Fankhauser, 2010), and feasibility.

The first gap is scope, i.e. whether it covers all relevant impacts 
and countries. The adaptation cost studies have considered only the 
climatic impact and excluded the non-climatic impact, which could 
act as a barrier to implement adaptations. Even though it reckons only 
the climatic impact, it is still incomplete to cover all the impacts 
associated with the climate (e.g. three climatic impacts are considered 
in the World Banks Bangladesh case study: coastal, extreme events 
and social; see World Bank, 2010). On the other hand, it has also 
concentrated on few countries to calculate the adaptation cost. For 
instance, the World Bank study (see World Bank, 2010) has estimated 
the adaptation cost for seven countries: Mozambique, Ethiopia, 
Ghana, Bangladesh, Vietnam, Bolivia and Samoa. In spite of these 
problems, these studies have provided the adaptation cost estimation 
for limited sectors (e.g. five sectors in case of the UNFCCC study, and 
importantly, eco-system has not been included).  

The second gap is depth, i.e. whether all relevant adaptation 
options are considered for a given level of impact. These studies have 
assumed climate specific planned public adaptation to estimate the 
adaptation cost, and ignored private adaptation measures (i.e. 
autonomous adaptation). Importantly, it prefers only hard options 
(engineering solutions) over the soft behavioural and regulatory 
adaptations (agriculture in the UNFCCC and extreme weather events 
in the World Bank study are exceptions) as they are easy to estimate 
cost, feasible to implement, and not dealing with other social and 
institutional settings (Fankhauser, 2010).  
The third gap is costing, i.e. whether all relevant costs are included. 
Importantly, most estimates focus on investment costs, but ignore 
lifetime costs that include operating and decommissioning costs, and 
institutional and administrative costs (Fankhauser, 2010).  

The fourth gap is uncertainty and time horizon. It is wrong to 
assume perfect knowledge about future climate, i.e. clairvoyant 
farmer hypothesis, which has been adopted in all the cost estimates. 
On the other hand, these studies estimated the adaptation cost for a 
given future time period (e.g. 2030 and 2050 in the UNFCCC and the 
World Banks estimations respectively).  

The fifth gap is feasibility, i.e. possibility of implementing such 
adaptive measures within the existing social, economical and 
institutional settings. There is no such adaptation cost study which has 
looked into this issue.

4. Vulnerability Driven Adaptation Approach

The concept vulnerability has gained prominence from the 
ongoing climate change research, particularly after the Third 
Assessment Report (AR3) of the Inter-governmental Panel on Climate 
Change (IPCC). Therefore it should be noted that most of the scholars 
are interested in assessing vulnerability from different perspectives: 
region, sector, social groups and eco-systems etc. Despite noteworthy 
efforts (e.g. Janssen et al., 2006 outlined that 939 articles had cited it 
as a major theme of the climate change research), there existed a large 
number of definitions even within a single discipline (see Cutter, 
1996), and also lacked a widely accepted conceptual framework and 
empirical methodology. Henceforth, a wide range of disciplines have 
developed their own vulnerability framework for empirical 
assessment, even though they have similar research problems and 
objectives (Fussel, 2007). In particular, there is no presuming 
assumption that each discipline has to follow similar methodology and 
conceptual framework (Alwang et al., 2001). 
The vulnerability research, however, still has larger policy 
implications in the context of addressing issues associated with 
facilitating and implementing adaptations. It pronounces adaptation as 
the starting-point, i.e. present ability of the individual and household 
to secure livelihoods in the face of risks within the broader social, 
economic, political and environmental contexts. Instead of focusing 
on the climate oriented adaptations that impact studies do, it has 
shifted towards integrated (i.e. mix of development and climate 
specific adaptations) and less climatic focused no-regret adaptations. 
Such adaptations not only enhance the overall capacity of the 
individual and household to buffer against wide range of impacts but 
also not regret in the future about their adaptation investment in case 
of no climatic events. It in particular addresses specific research 
questions associated with the adaptation. For instance, what are the 
risks (climatic and non-climatic) that present society faces, who is 
vulnerable (dependant on the scale of assessment) and why, who adapt 
and the risk attitude behaviour of the adapted entity, and how do such 
adaptations occur with given level of options and barriers. 

Meanwhile, the notion vulnerability has already been discussed 
in other discourses like food security, poverty and natural hazard etc. 
In fact, these antecedent discourses have given broader perspectives to 
analyze vulnerability to the climate change. In this section, this study 
has discussed on how earlier studies have articulated adaptation within 
the broader notion of  vulnerability, and to what extent climate change 
research has addressed issues related to adaptation.

4.1. Understanding of Vulnerability in Poverty, Famine 
and Natural Hazard

In the poverty discourse, the notion vulnerability has been used 
to assess how the welfare of the people is being affected by different 
risks (e.g. idiosyncratic risk ill health of bread winner, and covariate 
risk natural hazard and war etc). In general it is often viewed as a 
synonym for the poor (Chambers, 1989), i.e. the people below poverty 
line are always considered as vulnerable because they dont have the 
capacity to stand against such risks. But, vulnerability is more than 
poverty. For instance, the poverty measured in terms of low income 
can be reduced by borrowing and depleting existing resources, 
however such debt can make people more vulnerable in the future. 
This said, the poor people are not equally exposed to risks, and in fact, 
the non-chronic poor people can also fall into poverty due to risks. 
Vulnerability here refers to an ex-ante risk that a household will have 
at the welfare level (i.e. consumption or income) below some norm or 
benchmark in the future due to risk, shocks and stress, provided the 
current status of the household (Hoddinott and Quisumbing, 2003). 
Importantly, the aim is to examine how vulnerable households can be 
helped to better manage or be less susceptible to such risks.

The degree of vulnerability therefore depends on the 
characteristics of the risk (i.e. an external side to which a household is 
exposed), and households ability to respond to risk (i.e. an internal 
side that means lack of coping capacity) (Chambers, 1989). In the 
context of assessing risks, these studies have assessed the risks/ 
shocks that affect human welfare, intensity of these shocks and the 
affected entity (see Dercon et al., 2005). Ability to respond to risk, on 
the other hand, broadly depends on the households asset-base (e.g. 
tangible and intangible asset), which occurs in two stages: income 
smoothing/ ex-ante (i.e. income diversification: buying insurance and 
off-farm activities, and income skewing: low risk production), and 
consumption smoothing/ ex-post (i.e. borrowing, depleting and 
accumulating non-financial assets, adjusting labour supply and 
dropping out children from school etc) (Morduch, 1995). In this 
context, these studies have assessed the sources of vulnerability, 
households coping strategies and risk attitude behaviour11 
(Binswanger, 1978; Eswaran and Kotwal, 1990; and Yamauchi et al., 
2009), effectiveness of coping (Dercon and Krishnan, 2000), and 
options and constraints of such coping measures (Dercon, 2002).

The famine literature has used three important approaches to 
understand the vulnerability, i.e. production, exchange and asset 
(Swift, 2006). Initially, the notion famine was conceptualized as 
failure of production due to drought, flood, and animal and plant 
diseases, which leads to decline in consumption. Amartya Sens classic 
work on famine, in contrast, has established that it has happened 
where there was no failure of production, and hence, identified that 
failure of exchange or entitlement capacity was the prominent cause 
of famine among the poor people (Sen, 1986). Here, Sen argued that 
the means of poor peoples production activities or endowments (e.g. 
labour, cash crops and animals) are affected during the famine period, 
which in turn influences the consumption pattern of the poor people. 
It seems that an individual or household is vulnerable if his/her 
endowment bundle or entitlement capacity is low. It outlines the 
adaptive capacity and also examines both inter and intra-household 
differential vulnerability12.

The third approach asset has particularly extended the discussion 
on the terms of trade part of Sens entitlement analyses. It means sum 
of both tangible and intangible assets to assist in time of crisis, which 
can be classified as investments (education and health), stores (food, 
gold and bank accounts) and claims (assistance from family friends, 
government and international organization) (Swift, 2006: 44). In this 
context, households have portfolios of investments, stores and claims 
which can be changed over seasons and longer periods, and also 
viewed as households adaptive capacity to deal with different stress 
and shocks. With assessing these three factors, one can clearly 
describe why a group of people is more vulnerable than others and to 
what extent they can insure themselves.

Further, vulnerability is also used in other discourses like risk-
hazard, human ecology or political ecology and natural hazard. The 
risk-hazard studies are especially based on the dose-response model, 
i.e. combination of exposure to any risk and sensitivity of the exposed 
entity (Turner et al., 2003). The human ecology or political ecology 
approach, however, has criticized it as not dealing with political 
economy, especially social structures and institutions. This approach 
therefore has emphasized on the role of social, economic and political 
factors of a given system to define vulnerability (Adger, 2006).

Combining these two traditions of the hazard research (risk-
hazard and political ecology), Wisner et al. (2004) have developed 
pressure and release model, where risk is the function of perturbation/ 
stress, and vulnerability of the exposed unit, i.e. Risk = Hazard x 
Vulnerability.  Here, vulnerability is part of the risk, which is 
explained as capacity to anticipate, cope with, respond to and recover 
from an external stress. It depends on the combination of three social 
factors: root causes, dynamic pressures and unsafe conditions (see 
Wisner et al., 2004). The root causes deal with the economic, 
demographic and political processes within the society to derive the 
distribution of power. The dynamic pressures act like a mediator to 
transfer the root causes into particular forms of insecurity (i.e. unsafe 
conditions) by reducing access to resources (see Wisner et al., 2004). 
Further, Cutter (1996) has classified vulnerability as the vulnerability 
to exposure (i.e. conditions that make people or places susceptible to 
hazards), vulnerability as a social condition (i.e. measure of resilience 
to hazard), and vulnerability as a place or region (i.e. integration of 
both exposure and societal resilience with focus on a particular 
region).          

4.2. Vulnerability to Climate Change

The existing climate change studies (e.g. McCarthy et al., 2001; 
Brooks, 2003; Turner et al., 2003; Ionescu et al., 2005; Adger, 2006; 
Fussel, 2007; and OBrien et al., 2007) have asserted that the 
vulnerability is the complex interaction between human-environment 
or social and ecological systems13, which is called as an integrated 
approach. The former (socio-economic) means the state of a human 
system which is shaped by political, economic and social process; it 
can either put people at more risk or reduce the impact of shocks. 
Importantly, it understands why there exists differential vulnerability 
among the people even in a particular space and exposed to similar 
hazards, i.e. the adaptive capacity to defense against the climatic 
hazards. The later (bio-physical), in contrast, refers to the likelihood 
of occurrence of climatic shocks (Brooks, 2003). Thus, the 
vulnerability of a system (i.e. household, community or country) is 
depending on the systems propensity to be adversely affected 
(includes both exposure and sensitivity), and systems ability to deal 
with or recover from its adverse impacts (adaptive capacity).      
The climate change scholars have in general followed the IPCC AR3 
definition to assess vulnerability. It defines vulnerability as the degree 
to which a system is susceptible to or is unable to cope with adverse 
effects of climate change including climate variability and extremes, 
and it is the function of the character, magnitude, and rate of climate 
variation to which a system is exposed, its sensitivity and its adaptive 
capacity (McCarthy et al., 2001: 995). 
Though substantial studies have emerged in the climate change 
vulnerability context (see Janssen et al., 2006), the present study has 
cited few of them14 in the context of the developing nations generally, 
and particularly India, to highlight the extent to which the ongoing 
vulnerability research has addressed issues associated with adaptation. 
In the late 1990s, the vulnerability studies considered social 
vulnerability as the entry point of the climate change policy decisions, 
which means the capacity of the individual to cope or recover from 
the external stress that placed on their livelihood (Kelly and Adger, 
2000). Following Sens entitlement approach, Kelly and Adger (2000) 
have assessed both individual and collective vulnerability (both are 
not mutually exclusive) in the context of coastal Vietnam to cyclonic 
storm. Here, the process of the entitlement or the pattern of access to 
resources is determined by both assets that each individual has and 
context within which they are distributed, including formal structures 
and more diffused rules of the game and social and cultural norms. 
Hence, the variation of command over resources has been used to 
derive the diversified vulnerability, which is known as the systems 
inherent capacity. However, such assessment was criticized in the 
context of missing the notion of physical vulnerability.
Adopting the IPCC methodology, wide range of scholarly literature 
(e.g. in the Indian context: see OBrien et al., 2004; Kumar and 
Tholkappian, 2006; and Sharma and Patwardhan, 2008a and b) has 
assessed vulnerability to identify the hotspots and the causes of the 
vulnerability, which can assist policy makers to disburse limited 
resources based on the vulnerability rank. Further, the recent study by 
Adger et al. (2009) has extended the spatially bound vulnerability 
assessment by incorporating the idea of nested and tele-connected. It 
shows that vulnerability is concerned with a large scale process of 
socio-cultural change and market integration. For example, the 
vulnerability of a coffee farmer in Vietnam depends on the adoption 
of the globalization policy in the Mexican coffee sector. But, such 
assessments still do not incorporate issues associated with adaptation 
(e.g. facilitation and implementation of the adaptation measures) into 
the vulnerability assessment. On the other hand, a few studies have 
emerged in the recent years in Africa (see Maddison, 2007) to 
examine adaptation issues, e.g. peoples perception on the climate 
change and the adaptation measures, and options and barriers on 
implementing such adaptations. However, such assessments are 
missing in the Indian context.   

5. Conclusions

The recent experience has recognized that the adaptation is a 
successful tool to deal with the unmitigated climatic impact, and 
hence, the recent ongoing climate negotiations have given special 
emphasis on it. Meanwhile, it is used by two climate change 
economics discourses, such as impact and vulnerability. It was 
interpreted as normative/ scientific driven perspective in the former 
discourse, whereas the later articulated it as descriptive/ positive 
perspective. However, both are different in the context of not only 
addressing the research question but also assessing the adaptive 
capacity.
Assuming adaptation as static or end-point approach, the impact 
studies have calculated the future potential impact cost based on the 
projected scenarios. Though the impact cost estimation includes 
adaptation and residual impact cost, the former (adaptation cost) 
cannot be directly observed from the impact studies. Further, the 
effectiveness of the adaptation is being examined in the sector wise 
impact studies (e.g. agriculture), and not in the spatial impact 
assessment. In the recent years, few scholarly studies have emerged to 
estimate separate adaptation cost, even though incomplete, to help 
policy makers at the global, regional and local scale. In the adaptation 
context, both the impact and adaptation cost studies have assumed 
clairvoyant farmer hypothesis, i.e. people know exactly the future 
climatic impact and climate specific adaptations. However, it is wrong 
to assume perfect knowledge about the future climatic impact as the 
available scenarios are still uncertain. In addition, it is also difficult to 
assume climate driven adaptations excluding non-climatic risks, and 
not assessing the feasibility of adaptations, i.e. peoples behaviour, and 
options and constraints. 
Presuming adaptation as the starting-point, the vulnerability discourse, 
in contrast, has assessed the risk of an entity within the broader social, 
economic, political and environmental context. In doing so, it views 
adaptive capacity as the current ability to cope with risk and secure 
livelihoods, and also addresses specific research issues, such as 
identifying welfare reducing risks (climatic and non-climatic) and 
vulnerable entity, how people cope with these risks, and feasibility of 
these coping mechanisms (given the level of options and barriers). 
Increasingly, such information have significant policy relevance to 
prioritize limited resources for the most susceptible and also for 
designing the most effective adaptations. 

In the context of the empirical studies in India, the vulnerability 
research so far has developed to identify vulnerable hotspots. It in 
general identifies who is vulnerable (e.g. district) and the causes of 
vulnerability. However, such information are not enough to design 
most of the effective adaptations. As the literature suggests that there 
is differential vulnerability even at household level, it thus needs to 
downscale the vulnerability assessment, and on the other hand, there 
is a scope to examine issues associated with facilitating and 
implementing adaptations.

Notes

1 See OBrien et al. (2007): for earlier survey in this context. 
2 For example, quoting other studies Pielke et al. (2007) 
argued that global population at risk from malaria would increase by 
100 percent by 2080 without taking climate change into account, 
whereas accounting for climate change would further increase this risk 
by at most 7 percent (p. 598).
3 Nordhaus, for example, has suggested carbon tax as US$ 11 
per ton CO

2
 in 2015, 15 in 2025, 24 as late as 2050 and rising to 55 by 

2100 (Cline, 2010: 388). In the context of reducing the GHG 
emission, Nordhaus has proposed the optimal rate of emission 
reduction as 10-15 percent (Tol, 2008: 440), and Stern, in contrast, 
has suggested 30-70 percent reduction in the next two decades 
(Nordhaus, 2007: 201).
4 For example: irrigation, changing cropping patterns or 
production systems in the case of agriculture; and sea dyke in the case 
of sea level rise and cyclonic storm.
5 In December 2007 Bali Action Plan (COP-13), the 
developed nations have agreed to provide adequate, predictable, 
sustainable financial resources including official and concessional 
funding for developing country parties in order to adapt to the climate 
change (World Bank, 2010: 1). Further, the COP-15 Copenhagen 
2009 has continued this focus (Ford et al., 2010).  
6 Macro estimation: see Agrawala and Fankhauser (2008); 
Parry et al. (2009) and World Bank (2010); and Micro Estimation: see 
Mckinsey (2009).
7 See Fankhauser (1994); Fankhauser and Tol (1996) and Tol 
(2008): for a comprehensive review on impact cost assessment.
8 It has calculated on the basis of saving equation (i.e. = + g) 
given by Ramsey (1928), which depends on two normative 
parameters: discount rate (i.e. : the future is discounted by the 
economists because they are just future with living in different time 
periods and having different income levels), and consumption 
elasticity (i.e. : the aversion to the economic equality among different 
generations; Nordhaus, 2007).  
9 For other issues: see Fankhauser (1994); Tol (2008) and 
Heal (2008). In addition, a large number of studies have emerged to 
discuss controversies in between Nordhaus and Stern: see Nordhaus 
(2007); Dasgupta (2007); Spash (2007); and Mendelsohn (2008).
10 See Kumar (2009a): for an excellent conceptual and 
methodological review on adaptation cost.
11 Morduchs study in India shows that poor households devote 
larger share of land to safer traditional varieties of rice than to riskier 
and high value activities (c.f. Dercon et al., 2005).  
12 See Agarwal (1990): intra-household vulnerability in India, 
i.e. sharing of risk within the household.
13 For vulnerability framework: see Turner II et al., (2003); and 
for conceptual evolution of vulnerability: see Fussel (2007).
14 See Adger (2006); Fussel and Klein (2006); and Fussel 
(2007): for an excellent review on vulnerability to climate change.
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Abstract

In the international arena, two broad policy responses have 
emerged to deal with negative impact of climate change, i.e. 
'mitigation' and 'adaptation'. Though adaptation is required to 
reduce un-mitigated climatic impact, the ongoing international 
climate conventions and scholarly studies have given less 
emphasis to it in comparison to mitigation. In climate change 
economics literature, the notion adaptation has been used in 
two discourses: 'impact' and 'vulnerability', and both are 
different in the context of not only addressing research question 
but also assessing adaptive capacity. Assuming adaptation as 
'static or end-point' approach, the impact studies have 
estimated potential impact cost, which involves both 
adaptation and residual or un-mitigated impact cost, based on 
projected emission scenarios now and forever. The 
vulnerability studies, in contrast, have presumed adaptation as 
'starting-point' approach, and assessed risk of an entity within 
the broader social, economic, political and environmental 
context. In the context of adaptation, the former (impact) 
assumes clairvoyant farmer hypothesis, and hence, suggests 
climate specific adaptations. The later (vulnerability), on the 
other hand, views adaptation as the current ability of a person 
to cope with risk and secure livelihoods, which in particular 
assessing vulnerability, who adapts and his/ her risk attitude 
behaviour, and process of occurring adaptations. Though the 
purpose of both is to reduce negative impact through 
adaptation, the present study surveys both the sets of studies 
based on two questions: how the notion of adaptation is being 
articulated and to what extent their findings are useful for 
implementing and facilitating adaptations.          
 Key Word: climate change, adaptation, impact, and 
vulnerability      
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1. Introduction

In recent years, the scientific studies on climate change have 
categorically demonstrated that climate variation in the short run and 
climate change in the long run will have non-linear negative welfare 
effect in the decade yet to come, in developing nations particularly 
(see McCarthy et al., 2001; Stern, 2006; Mendelsohn et al., 2006; and 
Parry et al., 2007). In the international arena, two broad policy 
responses have emerged to deal with the climate change, namely, 
mitigation and adaptation. The international climate conventions (e.g. 
United Nations Framework Convention on Climate Change-
UNFCCC) and the scholarly literature, however, have emphasized 
mitigation as a major policy prescription, giving relatively less 
importance to adaptation (Pielke et al., 2007; and Kumar, 2009a). Of 
late, the later has been recognized as an effective tool in reducing un-
mitigated climatic impact; it is due to four reasons.

First, the society is already experiencing and also committed to 
certain irreversible impact due to the past and present emission of 
greenhouse gases (GHGs) (Stern, 2006; Pielke et al., 2007; and Adger 
and Barnett, 2009). Second, an ex-ante adaptation is more effective, 
less costly and also sustainable (i.e. avoid mal-adaptation) than an ex-
post adaptation (McCarthy et al., 2001; and Adger and Barnett, 2009). 
Stern (2006), for example, estimated that the cost of action can be 
limited to 1 percent of the global GDP (Gross Domestic Product) each 
year. Third, several million of people are already exposed to poverty, 
and thus the added climatic risk will have harder impact on their 
livelihood (Pielke et al., 2007). Fourth, there are strong concerns from 
the vulnerable developing nations to enhance their resilience capacity 
through international responses in the form of adaptation (Pielke et 
al., 2007).

In the climate change economics literature, the notion adaptation 
has been used in two discourses: assessment of climatic impact and 
climate change vulnerability. Though adaptation is used in both the 
discourses, they are different in terms of not only the research 
question they address but also the way in which they assess adaptive 
capacity. In the context of the adaptation, the former (impact) is a 
prescriptive or normative exercise or scientifically driven analysis (i.e. 
advising decision makers on how they should act), whereas the later 
(vulnerability) is a descriptive analysis or positive approach (i.e. 
illustrating how the decision makers are presently acting). 

Impact studies in general estimate the likelihood of cost of 
impact based on the projected emission scenarios now and forever. 
Here, the impact cost involves both adaptation cost and the cost 
beyond adaptation, i.e. residual or un-mitigated cost (Tol et al., 1998). 
These studies estimate the cost in terms of net impact minus 
adaptation. The vulnerability studies, in contrast, assess risk of an 
entity within the broader social, economic, political and 
environmental context. Here, adaptation is viewed as starting-point, 
i.e. vulnerability drives adaptation rather than adaptation driving it, 
and views adaptation as the current ability to cope with risk and 
secure livelihoods. In doing so, the vulnerability is the function of 
exposure, sensitivity and adaptive capacity (McCarthy et al., 2001).  

Though the purpose of both the studies is to reduce negative 
welfare effect through adaptation, this paper surveys both literature 
with two questions in mind: (i) how the notion adaptation is being 
articulated1, and (ii) to what extent their findings are useful for 
implementing and facilitating adaptations i.e. assessing vulnerability 
dynamics (identifying risks that affect human welfare, vulnerable 
entity and causes of the vulnerability), who adapts and what is the risk 
attitude behaviour of the adapted entity, and how do both ex-ante and 
ex-post adaptations occur (for a given level of options and barriers). 
For instance, the salt resistant seeds (e.g. Lunishree) can be treated as 
an ex-ante adaptation option for the poor farmer as it reduces the 
expected future crop loss due to storm surge; this is being suggested 
by the impact studies. It, however, could be a mal-adaptive option as it 
completely ignores non-climatic risks (e.g. social, political and 
economic risk2), current adaptive capacity of the farmer and feasibility 
of such adaptations; these issues are addressed in the vulnerability 
studies. Increasingly, such information have significant policy 
relevance in the context of prioritizing limited resources for the most 
vulnerable, and also for designing effective adaptation strategies to 
reduce vulnerability. The following flow diagram captures the 
conceptualization of the adaptation that is used in both the discourses 
discussed above. 

Given this background, the present study attempts to provide a 
critical review of both the studies in the context of the adaptation 
issues. The next section derives the meaning of adaptation in the 
climate change discourse. The rest of the paper outlines both impact 
driven adaptation and vulnerability driven adaptation approaches.   

2. Adaptation to Climate Change Meaning

Adaptation in general refers to the act of how the individuals, 
communities and societies adjust their activities, life courses, and 
location to get advantage from the fluxes of the social-ecological 
systems. It means to be more suitable (or to fit some purpose) by 
altering or modifying the current activities. It, however, has specific 
interpretation in different disciplines. For instance, in ecology, it 
frequently refers to the changes by which an organism or species 
becomes adapted to its environment, whereas in social sciences, it 
refers to the adjustments by individuals to the collective behaviour of 
the socio-economic systems (Smit et al., 2009).

In the climate change context, it means the adjustment in human 
and natural systems to actual or expected climatic stimuli, which can 
reduce negative impacts and take advantage of the positive (Agrawala 
and Fankhauser, 2008: 20). During the last two decades, various 
definitions of adaptation have emerged in the climate change context 
(see table 1). 

3. Impact Driven Adaptation Approach

In environmental economics literature, the environmental 
problem in general is considered as negative externality that has 
harmful impact on the human welfare. It could be analyzed in two 
ways: loss of human welfare through its potential impact is examined 
through market and price mechanism, and implementing institutional 
regulations (e.g. taxation, tradable permits and command-and-control) 
to control it (Spash, 2002). Likewise, the climate change economics 
studies (see Fankhauser, 1994; and Tol, 2008) have assessed the 
potential climatic impact cost on the human welfare now and forever 
based on projected GHG emission scenarios, and thus, suggested 
optimal path of mitigation (i.e. through implementing carbon tax and 
controlling the GHG emission level3) and also assessed the benefits of 
hypothetical adaptations4.

The potential impact cost that this study has discussed here has 
included both residual or unmitigated impact cost (i.e. inundation of 
the unprotected area), and the adaptation cost (i.e. cost of dyke to 
buffer against sea level rise and storm, and insurance cost in case of 
agriculture and infrastructure etc); the sum of both is called as social 
cost of carbon. The spatial impact studies have implicitly assumed 
climate specific adaptations for the selected sectors to estimate the 
impact cost (Tol et al., 1998). The cost and importance of adaptation, 
however, are not directly observed. Focusing on the effectiveness of 
adaptation, the sector wise studies (e.g. agriculture and sea level rise), 
on the other hand, have assessed the potential impact that follows with 
and without approach (Tol et al., 1998). In fact, both of them (spatial 
and sector wise studies) do not have separate adaptation cost 
estimation.
As the focus of the recent international climate change negotiation is 
shifting towards adaptation5, more attention is being paid to estimate 
the separate adaptation cost. Henceforth, the scholarly articles (i.e. 
both at macro and micro scale)6 have emerged to estimate anticipated 
or realized adaptation cost that not only helps international negotiators 
in order to allocate adaptation funds to the developing nations but also 
designs national adaptation strategies (World Bank, 2010; and 
Fankhauser, 2010). This section is therefore devoted to review both 
impact and adaptation cost studies. It primarily focuses on the 
hypothetical adaptation assumptions that each study has taken and to 
what extent they examine issues associated with the adaptation 
decision making process.    

3.1. Impact Cost Assessment

In the context of estimating the climatic impact cost, three 
approaches have emerged in the literature: enumerative approach 
(total damage is the sum of the individual damage categories partial 
equilibrium), general equilibrium approach (initial impact could have 
higher order effects and spill over to other sectors of the economy, e.g. 
the climatic impact on agriculture would have significant impact on 
food security) and shadow value approach (concerned with marginal 
damage per ton of GHG emission) (Fankhauser, 1994).  
During the early 1990s, the welfare of the climatic impact was studied 
mainly by four economists, e.g. William Cline, William Nordhaus, 
Samuel Fankhauser and Richard Tol, on different sensitive sectors 
(e.g. agriculture, sea level rise, health, eco-system and natural hazard 
etc) of the world, particularly the USA; these studies have followed 
enumerative approach. In the USA context, these studies have 
monetized the damage cost as 1 to 2 percent of GNP (gross national 
product) with respect to the doubling CO

2
 (i.e. 2.5 to 30C warming) 

(see Nordhaus, 1993; and Fankhauser, 1994). In the world context, 
Nordhaus has claimed that the USA result could be valid worldwide 
(Fankhauser, 1994). Cline, in contrast, estimated the overall damage 
as 6 percent of the GDP with 100C, and may be increased to 20 
percent under the pessimistic scenario (Heal, 2008). Besides 
discrepancy in the aggregate damage cost, these studies also have 
considerable differences in the face of individual damage categories 
(see Fankhauser, 1994). Likewise, Stern (2006) has calculated the 
potential impact cost would be in the range of 5-20 percent of the 
GDP now and forever.

Apart from the above studies, there is a wide range of studies 
that have estimated the potential impact cost not only at the spatial 
scale but also the sector wise. We have, however, reviewed a very 
minimum number of studies7 (see Table 2). The sector-wise studies 
have also emerged separately, particularly in agriculture, to estimate 
the climatic impact on the different sectors. The studies on agriculture 
have followed the general equilibrium approach to estimate the 
climatic impact and outline the benefits of hypothesized adaptation in 
the context of reducing the potential impact (see Table 3).
Under the backdrop of the above studies, one can find two divergent 
results. Most of the studies have estimated the global impact as either 
beneficial (e.g. Mendelsohn et al., Tol, and Hopes studies in Table 2) 
or slightly harmful (i.e. 1 to 2 percent) except Cline and Sterns 
assessment. Importantly, these studies have found that the developing 
nations are severely affected as compared to the developed nations 
(Mendelsohn et al., 2006; see Table 2). Here, the cost and the 
importance of the hypothesized adaptation cant observe directly. But, 
the range of 7 to 25 percent of the total cost can be classified as 
adaptation cost in the studies by Cline, Fankhauser and Tol (Tol et al., 
1998: 111). Importantly, the effectiveness of the adaptation is being 
observed in the case of sector wise studies, particularly agriculture. 
For example, Table 3 shows that farm level adaptation has reduced the 
impact by 30 to 100 percent (depending on the spatial scale).

These divergent findings (e.g. either under-estimating or over-
estimating) are dependant not only on the methodological 
assumptions that each study has taken in the context of conventional 
cost-benefit analysis8 and adaptation but also how these studies treat  
missing impacts, valuation of non-market goods, uncertainty or 
irreversibility or catastrophic impact and time horizon. Though all the 
above mentioned issues are required to be discussed, the present study 
has focused only on issues associated with adaptation9.

Both the spatial and sector-wise impact studies have assumed 
that the climate change is the only threat to the society in the 21st 
century, and everybody living in the present society are similarly 
exposed and also adapt. As we know, the present society is also 
exposed to other non-climatic risks (e.g. social, economic, political 
and environmental) that not only make them more susceptible to 
climatic risk but also affect the process of undertaking suggested 
climate specific adaptations. The understanding of such issues is still 
missing in the impact literature. Though these studies have focused 
only on climate change to suggest specific adaptive measures, it is still 
incomplete as only two factors of the climate change have been 
reckoned, e.g. temperature and rainfall. These studies therefore are 
ignoring the adaptation measures in the context of extreme events 
(e.g. cyclonic storm, flood and drought etc) and irreversible damages 
(e.g. loss of eco-system).

In the context of adaptation, the impact studies have pursued 
three projected scenarios: no adaptation, arbitrary adaptation and 
observed adaptation (Tol et al., 1998). The earlier impact studies (e.g. 
Adams et al., 1990) have assumed no adaptation, i.e. dumb farmer 
hypotheses. It seems there is no change in humans response in the 
face of changing climate. The complete ignorance of the adaptation 
could be over-estimated damage cost, because Table 3 clearly outlines 
the importance of adaptation to reduce the climatic impact. 

The global studies have tried to correct this shortcoming by 
assuming arbitrary scenarios on adaptation, i.e. either few adaptation 
measures or perfect adaptation. For example, the above global studies 
(e.g. Nordhaus, Cline, Fankhauser and Tol) have estimated impact 
cost for 15 different damage categories (see Fankhauser, 1994), 
however, adaptive measures are considered for only five of them (Tol 
et al., 1998), even though incomplete. In fact, in many cases the costs 
associated with adaptation are not included in the assessment, i.e. 
adaptation is cost free (Tol et al., 1998). Likewise, the agricultural 
studies have also assumed climate specific adaptation measures, e.g. 
Rosenzweig and Parry (see Table 3) have considered changing 
planting date and crops, and additional irrigation as farm level 
adaptation measures.
Further, the observed adaptation examines how different societies and 
individuals have adapted to the changes in climate in both the spatial 
and the temporal context (Tol et al., 1998). In the spatial scale, the 
adaptation measures taken by the different societies are likely to be 
captured, whereas the studies focusing on the temporal scale observe 
how the societies adapted to the past climatic change. For example, in 
the case of MINK (Missouri, Iowa, Nebraska and Kansas), Easterling 
et al.s study (see Table 3) has considered adaptation measures such as 
changing planting date and crops, improved irrigation and drought 
resistant seeds, and hence, established that these adaptation measures 
reduce impact by 29 to 60 percent. 
Focusing on the normative framework, the impact studies have 
suggested engineering and technological climate specific adaptations, 
and also assumed that each people will take such adaptations in order 
to reduce the expected future loss. Having bio-physical (i.e. agro-
ecological zone), social, economic and cultural diversity even in at the 
household level, it is too difficult to assume perfect adaptation 
hypotheses that everybody is able to adopt such adaptations. In 
addition, it only focuses on climate specific adaptation measures while 
ignoring development based activities (e.g. literacy and employment 
generation), which in general are called no-regret adaptations and 
increase the adaptive capacity of the people to stand against wide 
range of impacts. Further, it also fails to understand how adaptation 
occurs, the costs involved in the process and constraints of 
implementing such adaptation measures.   

3.2. Adaptation Cost Assessment

As mentioned above, few studies have been carried out to 
estimate the adaptation cost separately both region and sector wise 
(see Agrawala and Fankhauser, 2008; Parry et al., 2009; Fankhauser, 
2010; and World Bank, 2010)10. A survey on adaptation cost by 
Fankhauser (2010) has cited the earlier studies (e.g. World Bank, 
UNDP, OXFAM and Stern) as first generation studies, whereas the 
recent studies (e.g. UNFCCC) are grouped under second generation 
studies. The objective of these studies is to calculate price tag for 
adaptation to help policy makers in the global, regional and local 
context.

The first generation studies (see Table 4) have shared a common 
methodology for calculating the adaptation cost, which was first 
developed by the World Bank. Without mentioning adaptation 
options, these studies first estimated the fraction of current investment 
flows to climate sensitive sectors (e.g. 2-10 percent Gross Domestic 
Investment, 10 percent of Foreign Direct Investment and 40 percent of 
Official Development Assistance) and then used a mark-up factor (i.e. 
assumed 10-20 percent) that reflects the cost of climate-proofing 
future capital investment (Fankhauser, 2010).

The second generation studies estimated the adaptation cost, 
particularly for five sectors, e.g. agriculture, water, human health, 
coastal zones and infrastructure (see Table 5), even though these 
estimates are incomplete. UNFCCC (2007), for example, calculated 
the cost as US$ 49-171 billion per year for the year 2030. Further, the 
recent study by the World Bank (2010) has calculated the adaptation 
cost as US$ 89.6 and 77.7 billion in case of the world under two 
scenarios, e.g. NCAR (National Centre for Atmospheric Research) 
and CSIRO (Commonwealth Scientific and Industrial Research 
Organization) (see Table 4). Besides, there are also substantial studies 
to estimate adaptation cost for different regions and sectors (e.g. see 
Agrawala and Fankhauser, 2008). 

On the other hand, the study by Mckinsey (2009) has quantified 
the micro-level adaptation cost to identify the cost-effective options. 
Followed by the conventional cost-benefit analysis, it has identified 
cost-effective adaptation options for eight countries, including 
Maharashtra drought in India. It has adopted three methodological 
steps to estimate the cost curve: what are the prominent climatic risks 
that present society faces, to what extent the expected welfare of the 
society is lost from the identified risk current and in future, and what 
are the feasible adaptation options and what is the priority order on 
economic basis.

Unlike the impact cost literature, the adaptation cost research is 
still in its infancy. The first generation studies are, as Parry et al. 
(2009) have quoted, not substantive and they lack empirical evidence 
to choose the climate proofing mark-ups (Fankhauser, 2010). In the 
context of the other studies (e.g. UNFCCC, World Bank and 
Mckinsey), there are five important gaps: scope, depth, costing, 
uncertainty and time horizon (Fankhauser, 2010), and feasibility.

The first gap is scope, i.e. whether it covers all relevant impacts 
and countries. The adaptation cost studies have considered only the 
climatic impact and excluded the non-climatic impact, which could 
act as a barrier to implement adaptations. Even though it reckons only 
the climatic impact, it is still incomplete to cover all the impacts 
associated with the climate (e.g. three climatic impacts are considered 
in the World Banks Bangladesh case study: coastal, extreme events 
and social; see World Bank, 2010). On the other hand, it has also 
concentrated on few countries to calculate the adaptation cost. For 
instance, the World Bank study (see World Bank, 2010) has estimated 
the adaptation cost for seven countries: Mozambique, Ethiopia, 
Ghana, Bangladesh, Vietnam, Bolivia and Samoa. In spite of these 
problems, these studies have provided the adaptation cost estimation 
for limited sectors (e.g. five sectors in case of the UNFCCC study, and 
importantly, eco-system has not been included).  

The second gap is depth, i.e. whether all relevant adaptation 
options are considered for a given level of impact. These studies have 
assumed climate specific planned public adaptation to estimate the 
adaptation cost, and ignored private adaptation measures (i.e. 
autonomous adaptation). Importantly, it prefers only hard options 
(engineering solutions) over the soft behavioural and regulatory 
adaptations (agriculture in the UNFCCC and extreme weather events 
in the World Bank study are exceptions) as they are easy to estimate 
cost, feasible to implement, and not dealing with other social and 
institutional settings (Fankhauser, 2010).  
The third gap is costing, i.e. whether all relevant costs are included. 
Importantly, most estimates focus on investment costs, but ignore 
lifetime costs that include operating and decommissioning costs, and 
institutional and administrative costs (Fankhauser, 2010).  

The fourth gap is uncertainty and time horizon. It is wrong to 
assume perfect knowledge about future climate, i.e. clairvoyant 
farmer hypothesis, which has been adopted in all the cost estimates. 
On the other hand, these studies estimated the adaptation cost for a 
given future time period (e.g. 2030 and 2050 in the UNFCCC and the 
World Banks estimations respectively).  

The fifth gap is feasibility, i.e. possibility of implementing such 
adaptive measures within the existing social, economical and 
institutional settings. There is no such adaptation cost study which has 
looked into this issue.

4. Vulnerability Driven Adaptation Approach

The concept vulnerability has gained prominence from the 
ongoing climate change research, particularly after the Third 
Assessment Report (AR3) of the Inter-governmental Panel on Climate 
Change (IPCC). Therefore it should be noted that most of the scholars 
are interested in assessing vulnerability from different perspectives: 
region, sector, social groups and eco-systems etc. Despite noteworthy 
efforts (e.g. Janssen et al., 2006 outlined that 939 articles had cited it 
as a major theme of the climate change research), there existed a large 
number of definitions even within a single discipline (see Cutter, 
1996), and also lacked a widely accepted conceptual framework and 
empirical methodology. Henceforth, a wide range of disciplines have 
developed their own vulnerability framework for empirical 
assessment, even though they have similar research problems and 
objectives (Fussel, 2007). In particular, there is no presuming 
assumption that each discipline has to follow similar methodology and 
conceptual framework (Alwang et al., 2001). 
The vulnerability research, however, still has larger policy 
implications in the context of addressing issues associated with 
facilitating and implementing adaptations. It pronounces adaptation as 
the starting-point, i.e. present ability of the individual and household 
to secure livelihoods in the face of risks within the broader social, 
economic, political and environmental contexts. Instead of focusing 
on the climate oriented adaptations that impact studies do, it has 
shifted towards integrated (i.e. mix of development and climate 
specific adaptations) and less climatic focused no-regret adaptations. 
Such adaptations not only enhance the overall capacity of the 
individual and household to buffer against wide range of impacts but 
also not regret in the future about their adaptation investment in case 
of no climatic events. It in particular addresses specific research 
questions associated with the adaptation. For instance, what are the 
risks (climatic and non-climatic) that present society faces, who is 
vulnerable (dependant on the scale of assessment) and why, who adapt 
and the risk attitude behaviour of the adapted entity, and how do such 
adaptations occur with given level of options and barriers. 

Meanwhile, the notion vulnerability has already been discussed 
in other discourses like food security, poverty and natural hazard etc. 
In fact, these antecedent discourses have given broader perspectives to 
analyze vulnerability to the climate change. In this section, this study 
has discussed on how earlier studies have articulated adaptation within 
the broader notion of  vulnerability, and to what extent climate change 
research has addressed issues related to adaptation.

4.1. Understanding of Vulnerability in Poverty, Famine 
and Natural Hazard

In the poverty discourse, the notion vulnerability has been used 
to assess how the welfare of the people is being affected by different 
risks (e.g. idiosyncratic risk ill health of bread winner, and covariate 
risk natural hazard and war etc). In general it is often viewed as a 
synonym for the poor (Chambers, 1989), i.e. the people below poverty 
line are always considered as vulnerable because they dont have the 
capacity to stand against such risks. But, vulnerability is more than 
poverty. For instance, the poverty measured in terms of low income 
can be reduced by borrowing and depleting existing resources, 
however such debt can make people more vulnerable in the future. 
This said, the poor people are not equally exposed to risks, and in fact, 
the non-chronic poor people can also fall into poverty due to risks. 
Vulnerability here refers to an ex-ante risk that a household will have 
at the welfare level (i.e. consumption or income) below some norm or 
benchmark in the future due to risk, shocks and stress, provided the 
current status of the household (Hoddinott and Quisumbing, 2003). 
Importantly, the aim is to examine how vulnerable households can be 
helped to better manage or be less susceptible to such risks.

The degree of vulnerability therefore depends on the 
characteristics of the risk (i.e. an external side to which a household is 
exposed), and households ability to respond to risk (i.e. an internal 
side that means lack of coping capacity) (Chambers, 1989). In the 
context of assessing risks, these studies have assessed the risks/ 
shocks that affect human welfare, intensity of these shocks and the 
affected entity (see Dercon et al., 2005). Ability to respond to risk, on 
the other hand, broadly depends on the households asset-base (e.g. 
tangible and intangible asset), which occurs in two stages: income 
smoothing/ ex-ante (i.e. income diversification: buying insurance and 
off-farm activities, and income skewing: low risk production), and 
consumption smoothing/ ex-post (i.e. borrowing, depleting and 
accumulating non-financial assets, adjusting labour supply and 
dropping out children from school etc) (Morduch, 1995). In this 
context, these studies have assessed the sources of vulnerability, 
households coping strategies and risk attitude behaviour11 
(Binswanger, 1978; Eswaran and Kotwal, 1990; and Yamauchi et al., 
2009), effectiveness of coping (Dercon and Krishnan, 2000), and 
options and constraints of such coping measures (Dercon, 2002).

The famine literature has used three important approaches to 
understand the vulnerability, i.e. production, exchange and asset 
(Swift, 2006). Initially, the notion famine was conceptualized as 
failure of production due to drought, flood, and animal and plant 
diseases, which leads to decline in consumption. Amartya Sens classic 
work on famine, in contrast, has established that it has happened 
where there was no failure of production, and hence, identified that 
failure of exchange or entitlement capacity was the prominent cause 
of famine among the poor people (Sen, 1986). Here, Sen argued that 
the means of poor peoples production activities or endowments (e.g. 
labour, cash crops and animals) are affected during the famine period, 
which in turn influences the consumption pattern of the poor people. 
It seems that an individual or household is vulnerable if his/her 
endowment bundle or entitlement capacity is low. It outlines the 
adaptive capacity and also examines both inter and intra-household 
differential vulnerability12.

The third approach asset has particularly extended the discussion 
on the terms of trade part of Sens entitlement analyses. It means sum 
of both tangible and intangible assets to assist in time of crisis, which 
can be classified as investments (education and health), stores (food, 
gold and bank accounts) and claims (assistance from family friends, 
government and international organization) (Swift, 2006: 44). In this 
context, households have portfolios of investments, stores and claims 
which can be changed over seasons and longer periods, and also 
viewed as households adaptive capacity to deal with different stress 
and shocks. With assessing these three factors, one can clearly 
describe why a group of people is more vulnerable than others and to 
what extent they can insure themselves.

Further, vulnerability is also used in other discourses like risk-
hazard, human ecology or political ecology and natural hazard. The 
risk-hazard studies are especially based on the dose-response model, 
i.e. combination of exposure to any risk and sensitivity of the exposed 
entity (Turner et al., 2003). The human ecology or political ecology 
approach, however, has criticized it as not dealing with political 
economy, especially social structures and institutions. This approach 
therefore has emphasized on the role of social, economic and political 
factors of a given system to define vulnerability (Adger, 2006).

Combining these two traditions of the hazard research (risk-
hazard and political ecology), Wisner et al. (2004) have developed 
pressure and release model, where risk is the function of perturbation/ 
stress, and vulnerability of the exposed unit, i.e. Risk = Hazard x 
Vulnerability.  Here, vulnerability is part of the risk, which is 
explained as capacity to anticipate, cope with, respond to and recover 
from an external stress. It depends on the combination of three social 
factors: root causes, dynamic pressures and unsafe conditions (see 
Wisner et al., 2004). The root causes deal with the economic, 
demographic and political processes within the society to derive the 
distribution of power. The dynamic pressures act like a mediator to 
transfer the root causes into particular forms of insecurity (i.e. unsafe 
conditions) by reducing access to resources (see Wisner et al., 2004). 
Further, Cutter (1996) has classified vulnerability as the vulnerability 
to exposure (i.e. conditions that make people or places susceptible to 
hazards), vulnerability as a social condition (i.e. measure of resilience 
to hazard), and vulnerability as a place or region (i.e. integration of 
both exposure and societal resilience with focus on a particular 
region).          

4.2. Vulnerability to Climate Change

The existing climate change studies (e.g. McCarthy et al., 2001; 
Brooks, 2003; Turner et al., 2003; Ionescu et al., 2005; Adger, 2006; 
Fussel, 2007; and OBrien et al., 2007) have asserted that the 
vulnerability is the complex interaction between human-environment 
or social and ecological systems13, which is called as an integrated 
approach. The former (socio-economic) means the state of a human 
system which is shaped by political, economic and social process; it 
can either put people at more risk or reduce the impact of shocks. 
Importantly, it understands why there exists differential vulnerability 
among the people even in a particular space and exposed to similar 
hazards, i.e. the adaptive capacity to defense against the climatic 
hazards. The later (bio-physical), in contrast, refers to the likelihood 
of occurrence of climatic shocks (Brooks, 2003). Thus, the 
vulnerability of a system (i.e. household, community or country) is 
depending on the systems propensity to be adversely affected 
(includes both exposure and sensitivity), and systems ability to deal 
with or recover from its adverse impacts (adaptive capacity).      
The climate change scholars have in general followed the IPCC AR3 
definition to assess vulnerability. It defines vulnerability as the degree 
to which a system is susceptible to or is unable to cope with adverse 
effects of climate change including climate variability and extremes, 
and it is the function of the character, magnitude, and rate of climate 
variation to which a system is exposed, its sensitivity and its adaptive 
capacity (McCarthy et al., 2001: 995). 
Though substantial studies have emerged in the climate change 
vulnerability context (see Janssen et al., 2006), the present study has 
cited few of them14 in the context of the developing nations generally, 
and particularly India, to highlight the extent to which the ongoing 
vulnerability research has addressed issues associated with adaptation. 
In the late 1990s, the vulnerability studies considered social 
vulnerability as the entry point of the climate change policy decisions, 
which means the capacity of the individual to cope or recover from 
the external stress that placed on their livelihood (Kelly and Adger, 
2000). Following Sens entitlement approach, Kelly and Adger (2000) 
have assessed both individual and collective vulnerability (both are 
not mutually exclusive) in the context of coastal Vietnam to cyclonic 
storm. Here, the process of the entitlement or the pattern of access to 
resources is determined by both assets that each individual has and 
context within which they are distributed, including formal structures 
and more diffused rules of the game and social and cultural norms. 
Hence, the variation of command over resources has been used to 
derive the diversified vulnerability, which is known as the systems 
inherent capacity. However, such assessment was criticized in the 
context of missing the notion of physical vulnerability.
Adopting the IPCC methodology, wide range of scholarly literature 
(e.g. in the Indian context: see OBrien et al., 2004; Kumar and 
Tholkappian, 2006; and Sharma and Patwardhan, 2008a and b) has 
assessed vulnerability to identify the hotspots and the causes of the 
vulnerability, which can assist policy makers to disburse limited 
resources based on the vulnerability rank. Further, the recent study by 
Adger et al. (2009) has extended the spatially bound vulnerability 
assessment by incorporating the idea of nested and tele-connected. It 
shows that vulnerability is concerned with a large scale process of 
socio-cultural change and market integration. For example, the 
vulnerability of a coffee farmer in Vietnam depends on the adoption 
of the globalization policy in the Mexican coffee sector. But, such 
assessments still do not incorporate issues associated with adaptation 
(e.g. facilitation and implementation of the adaptation measures) into 
the vulnerability assessment. On the other hand, a few studies have 
emerged in the recent years in Africa (see Maddison, 2007) to 
examine adaptation issues, e.g. peoples perception on the climate 
change and the adaptation measures, and options and barriers on 
implementing such adaptations. However, such assessments are 
missing in the Indian context.   

5. Conclusions

The recent experience has recognized that the adaptation is a 
successful tool to deal with the unmitigated climatic impact, and 
hence, the recent ongoing climate negotiations have given special 
emphasis on it. Meanwhile, it is used by two climate change 
economics discourses, such as impact and vulnerability. It was 
interpreted as normative/ scientific driven perspective in the former 
discourse, whereas the later articulated it as descriptive/ positive 
perspective. However, both are different in the context of not only 
addressing the research question but also assessing the adaptive 
capacity.
Assuming adaptation as static or end-point approach, the impact 
studies have calculated the future potential impact cost based on the 
projected scenarios. Though the impact cost estimation includes 
adaptation and residual impact cost, the former (adaptation cost) 
cannot be directly observed from the impact studies. Further, the 
effectiveness of the adaptation is being examined in the sector wise 
impact studies (e.g. agriculture), and not in the spatial impact 
assessment. In the recent years, few scholarly studies have emerged to 
estimate separate adaptation cost, even though incomplete, to help 
policy makers at the global, regional and local scale. In the adaptation 
context, both the impact and adaptation cost studies have assumed 
clairvoyant farmer hypothesis, i.e. people know exactly the future 
climatic impact and climate specific adaptations. However, it is wrong 
to assume perfect knowledge about the future climatic impact as the 
available scenarios are still uncertain. In addition, it is also difficult to 
assume climate driven adaptations excluding non-climatic risks, and 
not assessing the feasibility of adaptations, i.e. peoples behaviour, and 
options and constraints. 
Presuming adaptation as the starting-point, the vulnerability discourse, 
in contrast, has assessed the risk of an entity within the broader social, 
economic, political and environmental context. In doing so, it views 
adaptive capacity as the current ability to cope with risk and secure 
livelihoods, and also addresses specific research issues, such as 
identifying welfare reducing risks (climatic and non-climatic) and 
vulnerable entity, how people cope with these risks, and feasibility of 
these coping mechanisms (given the level of options and barriers). 
Increasingly, such information have significant policy relevance to 
prioritize limited resources for the most susceptible and also for 
designing the most effective adaptations. 

In the context of the empirical studies in India, the vulnerability 
research so far has developed to identify vulnerable hotspots. It in 
general identifies who is vulnerable (e.g. district) and the causes of 
vulnerability. However, such information are not enough to design 
most of the effective adaptations. As the literature suggests that there 
is differential vulnerability even at household level, it thus needs to 
downscale the vulnerability assessment, and on the other hand, there 
is a scope to examine issues associated with facilitating and 
implementing adaptations.

Notes

1 See OBrien et al. (2007): for earlier survey in this context. 
2 For example, quoting other studies Pielke et al. (2007) 
argued that global population at risk from malaria would increase by 
100 percent by 2080 without taking climate change into account, 
whereas accounting for climate change would further increase this risk 
by at most 7 percent (p. 598).
3 Nordhaus, for example, has suggested carbon tax as US$ 11 
per ton CO

2
 in 2015, 15 in 2025, 24 as late as 2050 and rising to 55 by 

2100 (Cline, 2010: 388). In the context of reducing the GHG 
emission, Nordhaus has proposed the optimal rate of emission 
reduction as 10-15 percent (Tol, 2008: 440), and Stern, in contrast, 
has suggested 30-70 percent reduction in the next two decades 
(Nordhaus, 2007: 201).
4 For example: irrigation, changing cropping patterns or 
production systems in the case of agriculture; and sea dyke in the case 
of sea level rise and cyclonic storm.
5 In December 2007 Bali Action Plan (COP-13), the 
developed nations have agreed to provide adequate, predictable, 
sustainable financial resources including official and concessional 
funding for developing country parties in order to adapt to the climate 
change (World Bank, 2010: 1). Further, the COP-15 Copenhagen 
2009 has continued this focus (Ford et al., 2010).  
6 Macro estimation: see Agrawala and Fankhauser (2008); 
Parry et al. (2009) and World Bank (2010); and Micro Estimation: see 
Mckinsey (2009).
7 See Fankhauser (1994); Fankhauser and Tol (1996) and Tol 
(2008): for a comprehensive review on impact cost assessment.
8 It has calculated on the basis of saving equation (i.e. = + g) 
given by Ramsey (1928), which depends on two normative 
parameters: discount rate (i.e. : the future is discounted by the 
economists because they are just future with living in different time 
periods and having different income levels), and consumption 
elasticity (i.e. : the aversion to the economic equality among different 
generations; Nordhaus, 2007).  
9 For other issues: see Fankhauser (1994); Tol (2008) and 
Heal (2008). In addition, a large number of studies have emerged to 
discuss controversies in between Nordhaus and Stern: see Nordhaus 
(2007); Dasgupta (2007); Spash (2007); and Mendelsohn (2008).
10 See Kumar (2009a): for an excellent conceptual and 
methodological review on adaptation cost.
11 Morduchs study in India shows that poor households devote 
larger share of land to safer traditional varieties of rice than to riskier 
and high value activities (c.f. Dercon et al., 2005).  
12 See Agarwal (1990): intra-household vulnerability in India, 
i.e. sharing of risk within the household.
13 For vulnerability framework: see Turner II et al., (2003); and 
for conceptual evolution of vulnerability: see Fussel (2007).
14 See Adger (2006); Fussel and Klein (2006); and Fussel 
(2007): for an excellent review on vulnerability to climate change.
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Figure 1: Viewing of adaptation in both the impact and vulnerability literature
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Abstract

In the international arena, two broad policy responses have 
emerged to deal with negative impact of climate change, i.e. 
'mitigation' and 'adaptation'. Though adaptation is required to 
reduce un-mitigated climatic impact, the ongoing international 
climate conventions and scholarly studies have given less 
emphasis to it in comparison to mitigation. In climate change 
economics literature, the notion adaptation has been used in 
two discourses: 'impact' and 'vulnerability', and both are 
different in the context of not only addressing research question 
but also assessing adaptive capacity. Assuming adaptation as 
'static or end-point' approach, the impact studies have 
estimated potential impact cost, which involves both 
adaptation and residual or un-mitigated impact cost, based on 
projected emission scenarios now and forever. The 
vulnerability studies, in contrast, have presumed adaptation as 
'starting-point' approach, and assessed risk of an entity within 
the broader social, economic, political and environmental 
context. In the context of adaptation, the former (impact) 
assumes clairvoyant farmer hypothesis, and hence, suggests 
climate specific adaptations. The later (vulnerability), on the 
other hand, views adaptation as the current ability of a person 
to cope with risk and secure livelihoods, which in particular 
assessing vulnerability, who adapts and his/ her risk attitude 
behaviour, and process of occurring adaptations. Though the 
purpose of both is to reduce negative impact through 
adaptation, the present study surveys both the sets of studies 
based on two questions: how the notion of adaptation is being 
articulated and to what extent their findings are useful for 
implementing and facilitating adaptations.          
 Key Word: climate change, adaptation, impact, and 
vulnerability      
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1. Introduction

In recent years, the scientific studies on climate change have 
categorically demonstrated that climate variation in the short run and 
climate change in the long run will have non-linear negative welfare 
effect in the decade yet to come, in developing nations particularly 
(see McCarthy et al., 2001; Stern, 2006; Mendelsohn et al., 2006; and 
Parry et al., 2007). In the international arena, two broad policy 
responses have emerged to deal with the climate change, namely, 
mitigation and adaptation. The international climate conventions (e.g. 
United Nations Framework Convention on Climate Change-
UNFCCC) and the scholarly literature, however, have emphasized 
mitigation as a major policy prescription, giving relatively less 
importance to adaptation (Pielke et al., 2007; and Kumar, 2009a). Of 
late, the later has been recognized as an effective tool in reducing un-
mitigated climatic impact; it is due to four reasons.

First, the society is already experiencing and also committed to 
certain irreversible impact due to the past and present emission of 
greenhouse gases (GHGs) (Stern, 2006; Pielke et al., 2007; and Adger 
and Barnett, 2009). Second, an ex-ante adaptation is more effective, 
less costly and also sustainable (i.e. avoid mal-adaptation) than an ex-
post adaptation (McCarthy et al., 2001; and Adger and Barnett, 2009). 
Stern (2006), for example, estimated that the cost of action can be 
limited to 1 percent of the global GDP (Gross Domestic Product) each 
year. Third, several million of people are already exposed to poverty, 
and thus the added climatic risk will have harder impact on their 
livelihood (Pielke et al., 2007). Fourth, there are strong concerns from 
the vulnerable developing nations to enhance their resilience capacity 
through international responses in the form of adaptation (Pielke et 
al., 2007).

In the climate change economics literature, the notion adaptation 
has been used in two discourses: assessment of climatic impact and 
climate change vulnerability. Though adaptation is used in both the 
discourses, they are different in terms of not only the research 
question they address but also the way in which they assess adaptive 
capacity. In the context of the adaptation, the former (impact) is a 
prescriptive or normative exercise or scientifically driven analysis (i.e. 
advising decision makers on how they should act), whereas the later 
(vulnerability) is a descriptive analysis or positive approach (i.e. 
illustrating how the decision makers are presently acting). 

Impact studies in general estimate the likelihood of cost of 
impact based on the projected emission scenarios now and forever. 
Here, the impact cost involves both adaptation cost and the cost 
beyond adaptation, i.e. residual or un-mitigated cost (Tol et al., 1998). 
These studies estimate the cost in terms of net impact minus 
adaptation. The vulnerability studies, in contrast, assess risk of an 
entity within the broader social, economic, political and 
environmental context. Here, adaptation is viewed as starting-point, 
i.e. vulnerability drives adaptation rather than adaptation driving it, 
and views adaptation as the current ability to cope with risk and 
secure livelihoods. In doing so, the vulnerability is the function of 
exposure, sensitivity and adaptive capacity (McCarthy et al., 2001).  

Though the purpose of both the studies is to reduce negative 
welfare effect through adaptation, this paper surveys both literature 
with two questions in mind: (i) how the notion adaptation is being 
articulated1, and (ii) to what extent their findings are useful for 
implementing and facilitating adaptations i.e. assessing vulnerability 
dynamics (identifying risks that affect human welfare, vulnerable 
entity and causes of the vulnerability), who adapts and what is the risk 
attitude behaviour of the adapted entity, and how do both ex-ante and 
ex-post adaptations occur (for a given level of options and barriers). 
For instance, the salt resistant seeds (e.g. Lunishree) can be treated as 
an ex-ante adaptation option for the poor farmer as it reduces the 
expected future crop loss due to storm surge; this is being suggested 
by the impact studies. It, however, could be a mal-adaptive option as it 
completely ignores non-climatic risks (e.g. social, political and 
economic risk2), current adaptive capacity of the farmer and feasibility 
of such adaptations; these issues are addressed in the vulnerability 
studies. Increasingly, such information have significant policy 
relevance in the context of prioritizing limited resources for the most 
vulnerable, and also for designing effective adaptation strategies to 
reduce vulnerability. The following flow diagram captures the 
conceptualization of the adaptation that is used in both the discourses 
discussed above. 

Given this background, the present study attempts to provide a 
critical review of both the studies in the context of the adaptation 
issues. The next section derives the meaning of adaptation in the 
climate change discourse. The rest of the paper outlines both impact 
driven adaptation and vulnerability driven adaptation approaches.   

2. Adaptation to Climate Change Meaning

Adaptation in general refers to the act of how the individuals, 
communities and societies adjust their activities, life courses, and 
location to get advantage from the fluxes of the social-ecological 
systems. It means to be more suitable (or to fit some purpose) by 
altering or modifying the current activities. It, however, has specific 
interpretation in different disciplines. For instance, in ecology, it 
frequently refers to the changes by which an organism or species 
becomes adapted to its environment, whereas in social sciences, it 
refers to the adjustments by individuals to the collective behaviour of 
the socio-economic systems (Smit et al., 2009).

In the climate change context, it means the adjustment in human 
and natural systems to actual or expected climatic stimuli, which can 
reduce negative impacts and take advantage of the positive (Agrawala 
and Fankhauser, 2008: 20). During the last two decades, various 
definitions of adaptation have emerged in the climate change context 
(see table 1). 

3. Impact Driven Adaptation Approach

In environmental economics literature, the environmental 
problem in general is considered as negative externality that has 
harmful impact on the human welfare. It could be analyzed in two 
ways: loss of human welfare through its potential impact is examined 
through market and price mechanism, and implementing institutional 
regulations (e.g. taxation, tradable permits and command-and-control) 
to control it (Spash, 2002). Likewise, the climate change economics 
studies (see Fankhauser, 1994; and Tol, 2008) have assessed the 
potential climatic impact cost on the human welfare now and forever 
based on projected GHG emission scenarios, and thus, suggested 
optimal path of mitigation (i.e. through implementing carbon tax and 
controlling the GHG emission level3) and also assessed the benefits of 
hypothetical adaptations4.

The potential impact cost that this study has discussed here has 
included both residual or unmitigated impact cost (i.e. inundation of 
the unprotected area), and the adaptation cost (i.e. cost of dyke to 
buffer against sea level rise and storm, and insurance cost in case of 
agriculture and infrastructure etc); the sum of both is called as social 
cost of carbon. The spatial impact studies have implicitly assumed 
climate specific adaptations for the selected sectors to estimate the 
impact cost (Tol et al., 1998). The cost and importance of adaptation, 
however, are not directly observed. Focusing on the effectiveness of 
adaptation, the sector wise studies (e.g. agriculture and sea level rise), 
on the other hand, have assessed the potential impact that follows with 
and without approach (Tol et al., 1998). In fact, both of them (spatial 
and sector wise studies) do not have separate adaptation cost 
estimation.
As the focus of the recent international climate change negotiation is 
shifting towards adaptation5, more attention is being paid to estimate 
the separate adaptation cost. Henceforth, the scholarly articles (i.e. 
both at macro and micro scale)6 have emerged to estimate anticipated 
or realized adaptation cost that not only helps international negotiators 
in order to allocate adaptation funds to the developing nations but also 
designs national adaptation strategies (World Bank, 2010; and 
Fankhauser, 2010). This section is therefore devoted to review both 
impact and adaptation cost studies. It primarily focuses on the 
hypothetical adaptation assumptions that each study has taken and to 
what extent they examine issues associated with the adaptation 
decision making process.    

3.1. Impact Cost Assessment

In the context of estimating the climatic impact cost, three 
approaches have emerged in the literature: enumerative approach 
(total damage is the sum of the individual damage categories partial 
equilibrium), general equilibrium approach (initial impact could have 
higher order effects and spill over to other sectors of the economy, e.g. 
the climatic impact on agriculture would have significant impact on 
food security) and shadow value approach (concerned with marginal 
damage per ton of GHG emission) (Fankhauser, 1994).  
During the early 1990s, the welfare of the climatic impact was studied 
mainly by four economists, e.g. William Cline, William Nordhaus, 
Samuel Fankhauser and Richard Tol, on different sensitive sectors 
(e.g. agriculture, sea level rise, health, eco-system and natural hazard 
etc) of the world, particularly the USA; these studies have followed 
enumerative approach. In the USA context, these studies have 
monetized the damage cost as 1 to 2 percent of GNP (gross national 
product) with respect to the doubling CO

2
 (i.e. 2.5 to 30C warming) 

(see Nordhaus, 1993; and Fankhauser, 1994). In the world context, 
Nordhaus has claimed that the USA result could be valid worldwide 
(Fankhauser, 1994). Cline, in contrast, estimated the overall damage 
as 6 percent of the GDP with 100C, and may be increased to 20 
percent under the pessimistic scenario (Heal, 2008). Besides 
discrepancy in the aggregate damage cost, these studies also have 
considerable differences in the face of individual damage categories 
(see Fankhauser, 1994). Likewise, Stern (2006) has calculated the 
potential impact cost would be in the range of 5-20 percent of the 
GDP now and forever.

Apart from the above studies, there is a wide range of studies 
that have estimated the potential impact cost not only at the spatial 
scale but also the sector wise. We have, however, reviewed a very 
minimum number of studies7 (see Table 2). The sector-wise studies 
have also emerged separately, particularly in agriculture, to estimate 
the climatic impact on the different sectors. The studies on agriculture 
have followed the general equilibrium approach to estimate the 
climatic impact and outline the benefits of hypothesized adaptation in 
the context of reducing the potential impact (see Table 3).
Under the backdrop of the above studies, one can find two divergent 
results. Most of the studies have estimated the global impact as either 
beneficial (e.g. Mendelsohn et al., Tol, and Hopes studies in Table 2) 
or slightly harmful (i.e. 1 to 2 percent) except Cline and Sterns 
assessment. Importantly, these studies have found that the developing 
nations are severely affected as compared to the developed nations 
(Mendelsohn et al., 2006; see Table 2). Here, the cost and the 
importance of the hypothesized adaptation cant observe directly. But, 
the range of 7 to 25 percent of the total cost can be classified as 
adaptation cost in the studies by Cline, Fankhauser and Tol (Tol et al., 
1998: 111). Importantly, the effectiveness of the adaptation is being 
observed in the case of sector wise studies, particularly agriculture. 
For example, Table 3 shows that farm level adaptation has reduced the 
impact by 30 to 100 percent (depending on the spatial scale).

These divergent findings (e.g. either under-estimating or over-
estimating) are dependant not only on the methodological 
assumptions that each study has taken in the context of conventional 
cost-benefit analysis8 and adaptation but also how these studies treat  
missing impacts, valuation of non-market goods, uncertainty or 
irreversibility or catastrophic impact and time horizon. Though all the 
above mentioned issues are required to be discussed, the present study 
has focused only on issues associated with adaptation9.

Both the spatial and sector-wise impact studies have assumed 
that the climate change is the only threat to the society in the 21st 
century, and everybody living in the present society are similarly 
exposed and also adapt. As we know, the present society is also 
exposed to other non-climatic risks (e.g. social, economic, political 
and environmental) that not only make them more susceptible to 
climatic risk but also affect the process of undertaking suggested 
climate specific adaptations. The understanding of such issues is still 
missing in the impact literature. Though these studies have focused 
only on climate change to suggest specific adaptive measures, it is still 
incomplete as only two factors of the climate change have been 
reckoned, e.g. temperature and rainfall. These studies therefore are 
ignoring the adaptation measures in the context of extreme events 
(e.g. cyclonic storm, flood and drought etc) and irreversible damages 
(e.g. loss of eco-system).

In the context of adaptation, the impact studies have pursued 
three projected scenarios: no adaptation, arbitrary adaptation and 
observed adaptation (Tol et al., 1998). The earlier impact studies (e.g. 
Adams et al., 1990) have assumed no adaptation, i.e. dumb farmer 
hypotheses. It seems there is no change in humans response in the 
face of changing climate. The complete ignorance of the adaptation 
could be over-estimated damage cost, because Table 3 clearly outlines 
the importance of adaptation to reduce the climatic impact. 

The global studies have tried to correct this shortcoming by 
assuming arbitrary scenarios on adaptation, i.e. either few adaptation 
measures or perfect adaptation. For example, the above global studies 
(e.g. Nordhaus, Cline, Fankhauser and Tol) have estimated impact 
cost for 15 different damage categories (see Fankhauser, 1994), 
however, adaptive measures are considered for only five of them (Tol 
et al., 1998), even though incomplete. In fact, in many cases the costs 
associated with adaptation are not included in the assessment, i.e. 
adaptation is cost free (Tol et al., 1998). Likewise, the agricultural 
studies have also assumed climate specific adaptation measures, e.g. 
Rosenzweig and Parry (see Table 3) have considered changing 
planting date and crops, and additional irrigation as farm level 
adaptation measures.
Further, the observed adaptation examines how different societies and 
individuals have adapted to the changes in climate in both the spatial 
and the temporal context (Tol et al., 1998). In the spatial scale, the 
adaptation measures taken by the different societies are likely to be 
captured, whereas the studies focusing on the temporal scale observe 
how the societies adapted to the past climatic change. For example, in 
the case of MINK (Missouri, Iowa, Nebraska and Kansas), Easterling 
et al.s study (see Table 3) has considered adaptation measures such as 
changing planting date and crops, improved irrigation and drought 
resistant seeds, and hence, established that these adaptation measures 
reduce impact by 29 to 60 percent. 
Focusing on the normative framework, the impact studies have 
suggested engineering and technological climate specific adaptations, 
and also assumed that each people will take such adaptations in order 
to reduce the expected future loss. Having bio-physical (i.e. agro-
ecological zone), social, economic and cultural diversity even in at the 
household level, it is too difficult to assume perfect adaptation 
hypotheses that everybody is able to adopt such adaptations. In 
addition, it only focuses on climate specific adaptation measures while 
ignoring development based activities (e.g. literacy and employment 
generation), which in general are called no-regret adaptations and 
increase the adaptive capacity of the people to stand against wide 
range of impacts. Further, it also fails to understand how adaptation 
occurs, the costs involved in the process and constraints of 
implementing such adaptation measures.   

3.2. Adaptation Cost Assessment

As mentioned above, few studies have been carried out to 
estimate the adaptation cost separately both region and sector wise 
(see Agrawala and Fankhauser, 2008; Parry et al., 2009; Fankhauser, 
2010; and World Bank, 2010)10. A survey on adaptation cost by 
Fankhauser (2010) has cited the earlier studies (e.g. World Bank, 
UNDP, OXFAM and Stern) as first generation studies, whereas the 
recent studies (e.g. UNFCCC) are grouped under second generation 
studies. The objective of these studies is to calculate price tag for 
adaptation to help policy makers in the global, regional and local 
context.

The first generation studies (see Table 4) have shared a common 
methodology for calculating the adaptation cost, which was first 
developed by the World Bank. Without mentioning adaptation 
options, these studies first estimated the fraction of current investment 
flows to climate sensitive sectors (e.g. 2-10 percent Gross Domestic 
Investment, 10 percent of Foreign Direct Investment and 40 percent of 
Official Development Assistance) and then used a mark-up factor (i.e. 
assumed 10-20 percent) that reflects the cost of climate-proofing 
future capital investment (Fankhauser, 2010).

The second generation studies estimated the adaptation cost, 
particularly for five sectors, e.g. agriculture, water, human health, 
coastal zones and infrastructure (see Table 5), even though these 
estimates are incomplete. UNFCCC (2007), for example, calculated 
the cost as US$ 49-171 billion per year for the year 2030. Further, the 
recent study by the World Bank (2010) has calculated the adaptation 
cost as US$ 89.6 and 77.7 billion in case of the world under two 
scenarios, e.g. NCAR (National Centre for Atmospheric Research) 
and CSIRO (Commonwealth Scientific and Industrial Research 
Organization) (see Table 4). Besides, there are also substantial studies 
to estimate adaptation cost for different regions and sectors (e.g. see 
Agrawala and Fankhauser, 2008). 

On the other hand, the study by Mckinsey (2009) has quantified 
the micro-level adaptation cost to identify the cost-effective options. 
Followed by the conventional cost-benefit analysis, it has identified 
cost-effective adaptation options for eight countries, including 
Maharashtra drought in India. It has adopted three methodological 
steps to estimate the cost curve: what are the prominent climatic risks 
that present society faces, to what extent the expected welfare of the 
society is lost from the identified risk current and in future, and what 
are the feasible adaptation options and what is the priority order on 
economic basis.

Unlike the impact cost literature, the adaptation cost research is 
still in its infancy. The first generation studies are, as Parry et al. 
(2009) have quoted, not substantive and they lack empirical evidence 
to choose the climate proofing mark-ups (Fankhauser, 2010). In the 
context of the other studies (e.g. UNFCCC, World Bank and 
Mckinsey), there are five important gaps: scope, depth, costing, 
uncertainty and time horizon (Fankhauser, 2010), and feasibility.

The first gap is scope, i.e. whether it covers all relevant impacts 
and countries. The adaptation cost studies have considered only the 
climatic impact and excluded the non-climatic impact, which could 
act as a barrier to implement adaptations. Even though it reckons only 
the climatic impact, it is still incomplete to cover all the impacts 
associated with the climate (e.g. three climatic impacts are considered 
in the World Banks Bangladesh case study: coastal, extreme events 
and social; see World Bank, 2010). On the other hand, it has also 
concentrated on few countries to calculate the adaptation cost. For 
instance, the World Bank study (see World Bank, 2010) has estimated 
the adaptation cost for seven countries: Mozambique, Ethiopia, 
Ghana, Bangladesh, Vietnam, Bolivia and Samoa. In spite of these 
problems, these studies have provided the adaptation cost estimation 
for limited sectors (e.g. five sectors in case of the UNFCCC study, and 
importantly, eco-system has not been included).  

The second gap is depth, i.e. whether all relevant adaptation 
options are considered for a given level of impact. These studies have 
assumed climate specific planned public adaptation to estimate the 
adaptation cost, and ignored private adaptation measures (i.e. 
autonomous adaptation). Importantly, it prefers only hard options 
(engineering solutions) over the soft behavioural and regulatory 
adaptations (agriculture in the UNFCCC and extreme weather events 
in the World Bank study are exceptions) as they are easy to estimate 
cost, feasible to implement, and not dealing with other social and 
institutional settings (Fankhauser, 2010).  
The third gap is costing, i.e. whether all relevant costs are included. 
Importantly, most estimates focus on investment costs, but ignore 
lifetime costs that include operating and decommissioning costs, and 
institutional and administrative costs (Fankhauser, 2010).  

The fourth gap is uncertainty and time horizon. It is wrong to 
assume perfect knowledge about future climate, i.e. clairvoyant 
farmer hypothesis, which has been adopted in all the cost estimates. 
On the other hand, these studies estimated the adaptation cost for a 
given future time period (e.g. 2030 and 2050 in the UNFCCC and the 
World Banks estimations respectively).  

The fifth gap is feasibility, i.e. possibility of implementing such 
adaptive measures within the existing social, economical and 
institutional settings. There is no such adaptation cost study which has 
looked into this issue.

4. Vulnerability Driven Adaptation Approach

The concept vulnerability has gained prominence from the 
ongoing climate change research, particularly after the Third 
Assessment Report (AR3) of the Inter-governmental Panel on Climate 
Change (IPCC). Therefore it should be noted that most of the scholars 
are interested in assessing vulnerability from different perspectives: 
region, sector, social groups and eco-systems etc. Despite noteworthy 
efforts (e.g. Janssen et al., 2006 outlined that 939 articles had cited it 
as a major theme of the climate change research), there existed a large 
number of definitions even within a single discipline (see Cutter, 
1996), and also lacked a widely accepted conceptual framework and 
empirical methodology. Henceforth, a wide range of disciplines have 
developed their own vulnerability framework for empirical 
assessment, even though they have similar research problems and 
objectives (Fussel, 2007). In particular, there is no presuming 
assumption that each discipline has to follow similar methodology and 
conceptual framework (Alwang et al., 2001). 
The vulnerability research, however, still has larger policy 
implications in the context of addressing issues associated with 
facilitating and implementing adaptations. It pronounces adaptation as 
the starting-point, i.e. present ability of the individual and household 
to secure livelihoods in the face of risks within the broader social, 
economic, political and environmental contexts. Instead of focusing 
on the climate oriented adaptations that impact studies do, it has 
shifted towards integrated (i.e. mix of development and climate 
specific adaptations) and less climatic focused no-regret adaptations. 
Such adaptations not only enhance the overall capacity of the 
individual and household to buffer against wide range of impacts but 
also not regret in the future about their adaptation investment in case 
of no climatic events. It in particular addresses specific research 
questions associated with the adaptation. For instance, what are the 
risks (climatic and non-climatic) that present society faces, who is 
vulnerable (dependant on the scale of assessment) and why, who adapt 
and the risk attitude behaviour of the adapted entity, and how do such 
adaptations occur with given level of options and barriers. 

Meanwhile, the notion vulnerability has already been discussed 
in other discourses like food security, poverty and natural hazard etc. 
In fact, these antecedent discourses have given broader perspectives to 
analyze vulnerability to the climate change. In this section, this study 
has discussed on how earlier studies have articulated adaptation within 
the broader notion of  vulnerability, and to what extent climate change 
research has addressed issues related to adaptation.

4.1. Understanding of Vulnerability in Poverty, Famine 
and Natural Hazard

In the poverty discourse, the notion vulnerability has been used 
to assess how the welfare of the people is being affected by different 
risks (e.g. idiosyncratic risk ill health of bread winner, and covariate 
risk natural hazard and war etc). In general it is often viewed as a 
synonym for the poor (Chambers, 1989), i.e. the people below poverty 
line are always considered as vulnerable because they dont have the 
capacity to stand against such risks. But, vulnerability is more than 
poverty. For instance, the poverty measured in terms of low income 
can be reduced by borrowing and depleting existing resources, 
however such debt can make people more vulnerable in the future. 
This said, the poor people are not equally exposed to risks, and in fact, 
the non-chronic poor people can also fall into poverty due to risks. 
Vulnerability here refers to an ex-ante risk that a household will have 
at the welfare level (i.e. consumption or income) below some norm or 
benchmark in the future due to risk, shocks and stress, provided the 
current status of the household (Hoddinott and Quisumbing, 2003). 
Importantly, the aim is to examine how vulnerable households can be 
helped to better manage or be less susceptible to such risks.

The degree of vulnerability therefore depends on the 
characteristics of the risk (i.e. an external side to which a household is 
exposed), and households ability to respond to risk (i.e. an internal 
side that means lack of coping capacity) (Chambers, 1989). In the 
context of assessing risks, these studies have assessed the risks/ 
shocks that affect human welfare, intensity of these shocks and the 
affected entity (see Dercon et al., 2005). Ability to respond to risk, on 
the other hand, broadly depends on the households asset-base (e.g. 
tangible and intangible asset), which occurs in two stages: income 
smoothing/ ex-ante (i.e. income diversification: buying insurance and 
off-farm activities, and income skewing: low risk production), and 
consumption smoothing/ ex-post (i.e. borrowing, depleting and 
accumulating non-financial assets, adjusting labour supply and 
dropping out children from school etc) (Morduch, 1995). In this 
context, these studies have assessed the sources of vulnerability, 
households coping strategies and risk attitude behaviour11 
(Binswanger, 1978; Eswaran and Kotwal, 1990; and Yamauchi et al., 
2009), effectiveness of coping (Dercon and Krishnan, 2000), and 
options and constraints of such coping measures (Dercon, 2002).

The famine literature has used three important approaches to 
understand the vulnerability, i.e. production, exchange and asset 
(Swift, 2006). Initially, the notion famine was conceptualized as 
failure of production due to drought, flood, and animal and plant 
diseases, which leads to decline in consumption. Amartya Sens classic 
work on famine, in contrast, has established that it has happened 
where there was no failure of production, and hence, identified that 
failure of exchange or entitlement capacity was the prominent cause 
of famine among the poor people (Sen, 1986). Here, Sen argued that 
the means of poor peoples production activities or endowments (e.g. 
labour, cash crops and animals) are affected during the famine period, 
which in turn influences the consumption pattern of the poor people. 
It seems that an individual or household is vulnerable if his/her 
endowment bundle or entitlement capacity is low. It outlines the 
adaptive capacity and also examines both inter and intra-household 
differential vulnerability12.

The third approach asset has particularly extended the discussion 
on the terms of trade part of Sens entitlement analyses. It means sum 
of both tangible and intangible assets to assist in time of crisis, which 
can be classified as investments (education and health), stores (food, 
gold and bank accounts) and claims (assistance from family friends, 
government and international organization) (Swift, 2006: 44). In this 
context, households have portfolios of investments, stores and claims 
which can be changed over seasons and longer periods, and also 
viewed as households adaptive capacity to deal with different stress 
and shocks. With assessing these three factors, one can clearly 
describe why a group of people is more vulnerable than others and to 
what extent they can insure themselves.

Further, vulnerability is also used in other discourses like risk-
hazard, human ecology or political ecology and natural hazard. The 
risk-hazard studies are especially based on the dose-response model, 
i.e. combination of exposure to any risk and sensitivity of the exposed 
entity (Turner et al., 2003). The human ecology or political ecology 
approach, however, has criticized it as not dealing with political 
economy, especially social structures and institutions. This approach 
therefore has emphasized on the role of social, economic and political 
factors of a given system to define vulnerability (Adger, 2006).

Combining these two traditions of the hazard research (risk-
hazard and political ecology), Wisner et al. (2004) have developed 
pressure and release model, where risk is the function of perturbation/ 
stress, and vulnerability of the exposed unit, i.e. Risk = Hazard x 
Vulnerability.  Here, vulnerability is part of the risk, which is 
explained as capacity to anticipate, cope with, respond to and recover 
from an external stress. It depends on the combination of three social 
factors: root causes, dynamic pressures and unsafe conditions (see 
Wisner et al., 2004). The root causes deal with the economic, 
demographic and political processes within the society to derive the 
distribution of power. The dynamic pressures act like a mediator to 
transfer the root causes into particular forms of insecurity (i.e. unsafe 
conditions) by reducing access to resources (see Wisner et al., 2004). 
Further, Cutter (1996) has classified vulnerability as the vulnerability 
to exposure (i.e. conditions that make people or places susceptible to 
hazards), vulnerability as a social condition (i.e. measure of resilience 
to hazard), and vulnerability as a place or region (i.e. integration of 
both exposure and societal resilience with focus on a particular 
region).          

4.2. Vulnerability to Climate Change

The existing climate change studies (e.g. McCarthy et al., 2001; 
Brooks, 2003; Turner et al., 2003; Ionescu et al., 2005; Adger, 2006; 
Fussel, 2007; and OBrien et al., 2007) have asserted that the 
vulnerability is the complex interaction between human-environment 
or social and ecological systems13, which is called as an integrated 
approach. The former (socio-economic) means the state of a human 
system which is shaped by political, economic and social process; it 
can either put people at more risk or reduce the impact of shocks. 
Importantly, it understands why there exists differential vulnerability 
among the people even in a particular space and exposed to similar 
hazards, i.e. the adaptive capacity to defense against the climatic 
hazards. The later (bio-physical), in contrast, refers to the likelihood 
of occurrence of climatic shocks (Brooks, 2003). Thus, the 
vulnerability of a system (i.e. household, community or country) is 
depending on the systems propensity to be adversely affected 
(includes both exposure and sensitivity), and systems ability to deal 
with or recover from its adverse impacts (adaptive capacity).      
The climate change scholars have in general followed the IPCC AR3 
definition to assess vulnerability. It defines vulnerability as the degree 
to which a system is susceptible to or is unable to cope with adverse 
effects of climate change including climate variability and extremes, 
and it is the function of the character, magnitude, and rate of climate 
variation to which a system is exposed, its sensitivity and its adaptive 
capacity (McCarthy et al., 2001: 995). 
Though substantial studies have emerged in the climate change 
vulnerability context (see Janssen et al., 2006), the present study has 
cited few of them14 in the context of the developing nations generally, 
and particularly India, to highlight the extent to which the ongoing 
vulnerability research has addressed issues associated with adaptation. 
In the late 1990s, the vulnerability studies considered social 
vulnerability as the entry point of the climate change policy decisions, 
which means the capacity of the individual to cope or recover from 
the external stress that placed on their livelihood (Kelly and Adger, 
2000). Following Sens entitlement approach, Kelly and Adger (2000) 
have assessed both individual and collective vulnerability (both are 
not mutually exclusive) in the context of coastal Vietnam to cyclonic 
storm. Here, the process of the entitlement or the pattern of access to 
resources is determined by both assets that each individual has and 
context within which they are distributed, including formal structures 
and more diffused rules of the game and social and cultural norms. 
Hence, the variation of command over resources has been used to 
derive the diversified vulnerability, which is known as the systems 
inherent capacity. However, such assessment was criticized in the 
context of missing the notion of physical vulnerability.
Adopting the IPCC methodology, wide range of scholarly literature 
(e.g. in the Indian context: see OBrien et al., 2004; Kumar and 
Tholkappian, 2006; and Sharma and Patwardhan, 2008a and b) has 
assessed vulnerability to identify the hotspots and the causes of the 
vulnerability, which can assist policy makers to disburse limited 
resources based on the vulnerability rank. Further, the recent study by 
Adger et al. (2009) has extended the spatially bound vulnerability 
assessment by incorporating the idea of nested and tele-connected. It 
shows that vulnerability is concerned with a large scale process of 
socio-cultural change and market integration. For example, the 
vulnerability of a coffee farmer in Vietnam depends on the adoption 
of the globalization policy in the Mexican coffee sector. But, such 
assessments still do not incorporate issues associated with adaptation 
(e.g. facilitation and implementation of the adaptation measures) into 
the vulnerability assessment. On the other hand, a few studies have 
emerged in the recent years in Africa (see Maddison, 2007) to 
examine adaptation issues, e.g. peoples perception on the climate 
change and the adaptation measures, and options and barriers on 
implementing such adaptations. However, such assessments are 
missing in the Indian context.   

5. Conclusions

The recent experience has recognized that the adaptation is a 
successful tool to deal with the unmitigated climatic impact, and 
hence, the recent ongoing climate negotiations have given special 
emphasis on it. Meanwhile, it is used by two climate change 
economics discourses, such as impact and vulnerability. It was 
interpreted as normative/ scientific driven perspective in the former 
discourse, whereas the later articulated it as descriptive/ positive 
perspective. However, both are different in the context of not only 
addressing the research question but also assessing the adaptive 
capacity.
Assuming adaptation as static or end-point approach, the impact 
studies have calculated the future potential impact cost based on the 
projected scenarios. Though the impact cost estimation includes 
adaptation and residual impact cost, the former (adaptation cost) 
cannot be directly observed from the impact studies. Further, the 
effectiveness of the adaptation is being examined in the sector wise 
impact studies (e.g. agriculture), and not in the spatial impact 
assessment. In the recent years, few scholarly studies have emerged to 
estimate separate adaptation cost, even though incomplete, to help 
policy makers at the global, regional and local scale. In the adaptation 
context, both the impact and adaptation cost studies have assumed 
clairvoyant farmer hypothesis, i.e. people know exactly the future 
climatic impact and climate specific adaptations. However, it is wrong 
to assume perfect knowledge about the future climatic impact as the 
available scenarios are still uncertain. In addition, it is also difficult to 
assume climate driven adaptations excluding non-climatic risks, and 
not assessing the feasibility of adaptations, i.e. peoples behaviour, and 
options and constraints. 
Presuming adaptation as the starting-point, the vulnerability discourse, 
in contrast, has assessed the risk of an entity within the broader social, 
economic, political and environmental context. In doing so, it views 
adaptive capacity as the current ability to cope with risk and secure 
livelihoods, and also addresses specific research issues, such as 
identifying welfare reducing risks (climatic and non-climatic) and 
vulnerable entity, how people cope with these risks, and feasibility of 
these coping mechanisms (given the level of options and barriers). 
Increasingly, such information have significant policy relevance to 
prioritize limited resources for the most susceptible and also for 
designing the most effective adaptations. 

In the context of the empirical studies in India, the vulnerability 
research so far has developed to identify vulnerable hotspots. It in 
general identifies who is vulnerable (e.g. district) and the causes of 
vulnerability. However, such information are not enough to design 
most of the effective adaptations. As the literature suggests that there 
is differential vulnerability even at household level, it thus needs to 
downscale the vulnerability assessment, and on the other hand, there 
is a scope to examine issues associated with facilitating and 
implementing adaptations.

Notes

1 See OBrien et al. (2007): for earlier survey in this context. 
2 For example, quoting other studies Pielke et al. (2007) 
argued that global population at risk from malaria would increase by 
100 percent by 2080 without taking climate change into account, 
whereas accounting for climate change would further increase this risk 
by at most 7 percent (p. 598).
3 Nordhaus, for example, has suggested carbon tax as US$ 11 
per ton CO

2
 in 2015, 15 in 2025, 24 as late as 2050 and rising to 55 by 

2100 (Cline, 2010: 388). In the context of reducing the GHG 
emission, Nordhaus has proposed the optimal rate of emission 
reduction as 10-15 percent (Tol, 2008: 440), and Stern, in contrast, 
has suggested 30-70 percent reduction in the next two decades 
(Nordhaus, 2007: 201).
4 For example: irrigation, changing cropping patterns or 
production systems in the case of agriculture; and sea dyke in the case 
of sea level rise and cyclonic storm.
5 In December 2007 Bali Action Plan (COP-13), the 
developed nations have agreed to provide adequate, predictable, 
sustainable financial resources including official and concessional 
funding for developing country parties in order to adapt to the climate 
change (World Bank, 2010: 1). Further, the COP-15 Copenhagen 
2009 has continued this focus (Ford et al., 2010).  
6 Macro estimation: see Agrawala and Fankhauser (2008); 
Parry et al. (2009) and World Bank (2010); and Micro Estimation: see 
Mckinsey (2009).
7 See Fankhauser (1994); Fankhauser and Tol (1996) and Tol 
(2008): for a comprehensive review on impact cost assessment.
8 It has calculated on the basis of saving equation (i.e. = + g) 
given by Ramsey (1928), which depends on two normative 
parameters: discount rate (i.e. : the future is discounted by the 
economists because they are just future with living in different time 
periods and having different income levels), and consumption 
elasticity (i.e. : the aversion to the economic equality among different 
generations; Nordhaus, 2007).  
9 For other issues: see Fankhauser (1994); Tol (2008) and 
Heal (2008). In addition, a large number of studies have emerged to 
discuss controversies in between Nordhaus and Stern: see Nordhaus 
(2007); Dasgupta (2007); Spash (2007); and Mendelsohn (2008).
10 See Kumar (2009a): for an excellent conceptual and 
methodological review on adaptation cost.
11 Morduchs study in India shows that poor households devote 
larger share of land to safer traditional varieties of rice than to riskier 
and high value activities (c.f. Dercon et al., 2005).  
12 See Agarwal (1990): intra-household vulnerability in India, 
i.e. sharing of risk within the household.
13 For vulnerability framework: see Turner II et al., (2003); and 
for conceptual evolution of vulnerability: see Fussel (2007).
14 See Adger (2006); Fussel and Klein (2006); and Fussel 
(2007): for an excellent review on vulnerability to climate change.

Reference

Adams, R.M., C. Rosenzweig, R.M. Peart, J.T. Ritchie, B.A. McCarl, J.D. 
Glyer, R.B. Curry, J.W. Jones, K.J. Boote and L.H. Allen (1990), Global 
Climate Change and US agriculture Nature, 345: 219-24.
Adger, N. and J. Barnett, (2009), Four reasons for concern about 
adaptation to climate change: Commentary Environment and Planning A, 
41: 2800-5. 
Adger, N., (2006), Vulnerability Global Environmental Change, 16: 268-
81.
Adger, N., H. Eakin and A. Winkels, (2009), Nested and tele-connected 
vulnerabilities to environmental change Frontiers in Ecology and the 
Environment, 7, doi:10. 1890/070148.

Agarwal, B., (1990), Social Security and the Family in Rural India: Coping 
with Seasonality and Calamity Journal of Peasant Studies, 17: 341-412. 

Agrawala, S. and S Fankhauser, (Eds.) (2008), Economic Aspects of 
Adaptation to Climate Change: Costs, Benefits and Policy Instruments 
OECD, Paris.
Alwang, J., P.B. Siegel and S.L. Jorgensen, (2001), Vulnerability as 
viewed from different disciplines, Discussion Paper no. 0015, Social 
Protection Unit, The World Bank, Washington DC. 
Binswanger, H.P., (1978), Risk Attitudes of Rural Households in Semi-
Arid Tropical India Economic and Political Weekly, 13(25): A49-A62.
Brooks, N., (2003), Vulnerability, risk and adaptation: A conceptual 
Framework Working Paper No. 38, Tyndall Centre for Climate Change 
Research, University of East Anglia, Norwich. 
Chambers, R., (1989), Vulnerability, coping and policy: Editorial 
Introduction IDS Bulletin, 20(2): 1-7.
Cline, W.R., (2010), Economics Analysis and Climate Change policy: An 
Editorial comment Climatic Change, 101: 387-94.

Cutter, S.L., (1996), Vulnerability to environmental hazards Progress in 
Human Geography, 20: 529-39.

Dasgupta, P., (2007), Commentary: the Stern reviews economics of climate 
change National Institute Economic Review, 199: 4-7. 

Dercon, S. and P. Krishnan, (2000), In Sickness and Health: Risk Sharing 
within households in Rural Ethiopia Journal of Political Economy, 
108(4): 688-727.

Dercon, S., (2002), Income Risk, Coping Strategies and Safety Nets The 
World Bank Research Observer, 17(2): 141-66.

Dercon, S., J. Hoddinott and T. Woldehanna, (2005), Shocks and 
Consumption in 15 Ethiopian Villages, 1999-2004 Journal of African 
Economies, 14(4): 559-85. 
Eswaran, M. and A. Kotwal, (1990), Implications of credit constraints for 
risk behaviour in less developed economies Oxford Economic Papers, 
42: 473-82.
Fankhauser, S. and R.S.J. Tol, (1996), Climate Change Costs: Recent 
Advancements in the Economic Assessment Energy Policy, 24(7): 665-
73.
Fankhauser, S., (1994), The Economic Costs of Global Warming 
Damage: A Survey Global Environmental Change, 4(4): 301-9.
Fankhauser, S., (1998), The Costs of Adapting to Climate Change GEF 
Working Paper 16, Washington D.C.
Fankhauser, S., (2010), The Costs of Adaptation Willey Interdisciplinary 
Reviews: climate change, 1(1): 23-30.
Ford, James D., E.C.H. Keskitalo, T. Smith, T. Pearce, L.B. Ford, F. 
Duerden and B. Smit (2010), Case study and analogue methodologies in 
climate change vulnerability research Willey Interdisciplinary Reviews: 
climate change, 1(3): 374-92.
Fussel, H.M. and R.J.T. Klein (2006), Climate change vulnerability 
assessments: An evolution of conceptual thinking Climatic change, 75: 
301-29.
Fussel, H.M., (2007) Vulnerability: A Generally Applicable Conceptual 
Framework for Climate Change Research Global Environmental Change, 
17: 15567.
Heal, G., (2008), Climate Economics: A Meta review and some 
suggestions NBER working paper 13927, National Bureau of Economic 
Research, Cambridge, MA.
Hoddinott, J. and A. Quisumbing, (2003), Methods for Micro-
econometric Risk and Vulnerability Assessments Social Protection 
Discussion Paper Series 0324, The World Bank, Washington D.C.
Ionescu, C., R.J.T. Klein, J. Hinkel, K.S.K. Kumar and R.R. Klein, 
(2005), Towards a Formal Framework of Vulnerability to Climate 
Change Ne-Water Working Paper 1, Potsdam Institute for Climate Impact 
Research, Potsdam, Germany.
Janssen, M.A, M.L. Schoon, W. Ke and K. Borner, (2006), Scholarly 
Networks on Resilience, Vulnerability and Adaptation within the Human 
Dimensions of Global Environmental Change, Global Environmental 
Change, 16: 240-52.
Kelly, P.M. and W.N. Adger, (2000), Theory and Practice in Assessing 
Vulnerability to Climate Change and Facilitating Adaptation, Climatic 
Change, 47: 325-52.
Kumar, K.S.K. and S. Tholkappian, (2006), Relative Vulnerability of 
Indian Coastal Districts to Sea-Level Rise and Climate Extremes, 
International Review for Environmental Strategies, 6(1): 3-22. 
Kumar, K.S.K., (2009a), Cost of Adapting to Climate Change: Concepts, 
Issues, and Estimates Research Report Submitted to M.S. Swaminathan 
Research Foundation, Chennai.
Kumar, K.S.K., (2009b), Climate Sensitivity of Indian Agriculture: Do 
Spatial Effects Matter? Working Paper no. 45-09, South Asian Network 
for Development and Environmental Economics (SANDEE), 
Kathmandu.
Maddison, D., (2007), The Perception of and Adaptation to Climate 
Change in Africa Policy Research Working Paper 4308, The World Bank, 
Washington D.C.
McCarthy, J., Osvaldo F. Canziani, Neil A. Leary, David J. Dokken and 
Kasey S. White (Eds.) (2001), WG II: Climate Change 2001: Impacts, 
Adaptation & Vulnerability; Cambridge University Press.
McGray, H., A. Hammill, R. Bradley, E. Lisa Schipper and Jo-Ellen 
Parry, (2007), Weathering the Storm: Options for Framing Adaptation 
and Development WRI Report, World Resource Institute.    
Mckinsey, (2009), Shaping Climate Resilient Development A Framework 
for Decision Making A report of the Economics of Climate Adaptation 
Working Group.
Mendelsohn, R., (2008), Is the Stern Review an economic analysis? 
Review of Environmental Economics and Policy, 2(1): 45-60.
Mendelsohn, R., A. Dinar and L. Williams, (2006), The distributional 
Impacts of Climate Change on rich and poor countries, Environment and 
Development Economics, 11: 159-78. 
Morduch, J., (1995), Income smoothing and consumption smoothing 
Journal of Economic Perspectives, 9(3): 103-14.
Nordhaus, W.D., (1993), Reflections on the Economics of Climate 
Change, Journal of Economic Perspectives, 7(4): 11-25.
Nordhaus, W.D., (2007), Critical Assumptions in the Stern Review on 
Climate Change Science, 317: 201-2.
OBrien, K., R. Leichenko, U. Kelkar, H. Venema, G. Aandahl, H. 
Tompkins, A. Javed, S. Bhadwal, S. Barg, L. Nygaard and J. West, 
(2004), Mapping Vulnerability to Multiple Stressors: Climate Change 
and Globalization in India Global Environmental Change, 14: 303-13.
OBrien, K., S. Eriksen, L.P. Nygaard and A. Schjolden, (2007), Why 
Different Interpretations of Vulnerability Matter in Climate Change 
Discourses Climate Policy, 7: 73-88.
Parry M., O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E. 
Hanson, (Eds.) (2007), Climate Change 2007: Impacts, Adaptation and 
Vulnerability, Contribution of Working Group II to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change, 
Cambridge University Press, Cambridge, UK.
Parry, M., N. Arnell, P. Berry, D. Dodman, S. Fankhauser, C. Hope, S. 
Kovats, R. Nicholls, D. Satterthwaite, R. Tiffin and T. Wheeler, (2009), 
Assessing the Costs of Adaptation to Climate Change A Review of 
UNFCCC and Other Recent Studies, International Institute for 
Environment and Development and Grantham Institute for Climate 
Change, Imperial College London, U.K.
Pielke, Roger Jr, G. Prins, S. Rayner and D. Sarewitz, (2007), Lifting the 
Taboo on Adaptation Nature, 455(8): 597-8.
Ramsey, F. P., (1928), A Mathematical Theory of Saving The Economic 
Journal, 38(152): 543-59. 
Schipper, E. Lisa F., (2007), Climate change adaptation and 
development: Exploring the linkages Working Paper No. 107, Tyndall 
Centre for climate change, University of East Anglia, Norwich.
Sen, A., (1986), Food, economics, and entitlements WIDER Working 
Paper 1, WIDER, Helsinki, Finland.
Sharma, U. and A. Patwardhan, (2008a), Methodology for Identifying 
Vulnerability Hotspots to Tropical Cyclone Hazard in India Mitigation 
Adaptation Strategies for Global Change, 13(7): 703-17. 
Sharma, U. and A. Patwardhan, (2008b), An empirical approach to 
assessing generic adaptive capacity to tropical cyclone risk in coastal 
districts of India, Mitigation and Adaptation Strategies for Global 
Change, 13: 819-31.
Smit, Barry, I. Burton, R.J.T. Klein and J. Wandel, (2009), An Anatomy 
of Adaptation to Climate Change and Variability In: Schipper, E. Lisa F., 
and Ian Burton, Adaptation to Climate Change, Published by Earthscan, 
U.K.
Spash, C. L., (2002), Greenhouse Economics: Value and Ethics Rutledge 
Publication, London. 
Spash, C.L., (2007) The Economics of Climate change Impacts a la 
Stern: Novel and Nuanced or Rhetorically Restricted? Ecological 
Economics, 63(4): 706-13.
Stern, N., (2006), Sterns review on Economics of climate change, 
Cambridge University Press.
Swift, J., (2006), Why are rural people vulnerable to famine? IDS 
Bulletin, 37(4): 41-9.

Tol, R., (2008), Why worry about climate change? A Research agenda 
Environmental Values, 17: 437-70.  
Tol, R., S. Fankhauser and J. B. Smith, (1998), The Scope for Adaptation 
to Climate Change: What Can we learn from the Impact Literature? 
Global Environmental Change, 8(2): 109-23.
Turner, B.L., R.E. Kasperson, P.A. Matson, J.J. McCarthy, R.W. Corell, 
L. Christensen, N. Eckley, J.X. Kasperson, A. Luers, M.L. Martello, C. 
Polsky, A. Pulsipher and A. Schiller, (2003), A Framework for 
Vulnerability Analysis in Sustainability Science Proceedings of National 
Academy of Science, 100(4): 8074-9. 
Ulsurd, Kristen, Linda Sygna and Karen OBrien, (2008), More than rain: 
Identifying sustainable pathways for climate adaptation and poverty 
reduction GECHS, University of Oslo.
Wisner, B., P. Blaikie, T. Cannon and I. Davis, (2004), At Risk: Natural 
hazards, peoples vulnerability and disasters 2nd Edition, Rutledge, 
London.
World Bank, (2010), The Economics of Adaptation to Climate Change, A 
Synthesis Report, Final Consultation draft, August 2010, The World 
Bank, Washington D.C.

Yamauchi, F., Y. Yohannes and A. Quisumbing, (2009), Risks, Ex-ante 
Actions and Public Assistance: Impacts of Natural Disasters on child 
schooling in Bangladesh, Ethiopia and Malawi IFPRI Discussion Paper: 
00880, International Food Policy Research Institute, Washington D.C.

*



Table 1: Adaptation - Definition in Climate Change Context

Source : Fankhauser (1998); Schipper (2007); Ulsrud et al. (2008) and Smit et al. 
(2009)



Economics of Adaptation to Climate Change: 

Learning from Impact and Vulnerability 
Literature

Abstract

In the international arena, two broad policy responses have 
emerged to deal with negative impact of climate change, i.e. 
'mitigation' and 'adaptation'. Though adaptation is required to 
reduce un-mitigated climatic impact, the ongoing international 
climate conventions and scholarly studies have given less 
emphasis to it in comparison to mitigation. In climate change 
economics literature, the notion adaptation has been used in 
two discourses: 'impact' and 'vulnerability', and both are 
different in the context of not only addressing research question 
but also assessing adaptive capacity. Assuming adaptation as 
'static or end-point' approach, the impact studies have 
estimated potential impact cost, which involves both 
adaptation and residual or un-mitigated impact cost, based on 
projected emission scenarios now and forever. The 
vulnerability studies, in contrast, have presumed adaptation as 
'starting-point' approach, and assessed risk of an entity within 
the broader social, economic, political and environmental 
context. In the context of adaptation, the former (impact) 
assumes clairvoyant farmer hypothesis, and hence, suggests 
climate specific adaptations. The later (vulnerability), on the 
other hand, views adaptation as the current ability of a person 
to cope with risk and secure livelihoods, which in particular 
assessing vulnerability, who adapts and his/ her risk attitude 
behaviour, and process of occurring adaptations. Though the 
purpose of both is to reduce negative impact through 
adaptation, the present study surveys both the sets of studies 
based on two questions: how the notion of adaptation is being 
articulated and to what extent their findings are useful for 
implementing and facilitating adaptations.          
 Key Word: climate change, adaptation, impact, and 
vulnerability      
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1. Introduction

In recent years, the scientific studies on climate change have 
categorically demonstrated that climate variation in the short run and 
climate change in the long run will have non-linear negative welfare 
effect in the decade yet to come, in developing nations particularly 
(see McCarthy et al., 2001; Stern, 2006; Mendelsohn et al., 2006; and 
Parry et al., 2007). In the international arena, two broad policy 
responses have emerged to deal with the climate change, namely, 
mitigation and adaptation. The international climate conventions (e.g. 
United Nations Framework Convention on Climate Change-
UNFCCC) and the scholarly literature, however, have emphasized 
mitigation as a major policy prescription, giving relatively less 
importance to adaptation (Pielke et al., 2007; and Kumar, 2009a). Of 
late, the later has been recognized as an effective tool in reducing un-
mitigated climatic impact; it is due to four reasons.

First, the society is already experiencing and also committed to 
certain irreversible impact due to the past and present emission of 
greenhouse gases (GHGs) (Stern, 2006; Pielke et al., 2007; and Adger 
and Barnett, 2009). Second, an ex-ante adaptation is more effective, 
less costly and also sustainable (i.e. avoid mal-adaptation) than an ex-
post adaptation (McCarthy et al., 2001; and Adger and Barnett, 2009). 
Stern (2006), for example, estimated that the cost of action can be 
limited to 1 percent of the global GDP (Gross Domestic Product) each 
year. Third, several million of people are already exposed to poverty, 
and thus the added climatic risk will have harder impact on their 
livelihood (Pielke et al., 2007). Fourth, there are strong concerns from 
the vulnerable developing nations to enhance their resilience capacity 
through international responses in the form of adaptation (Pielke et 
al., 2007).

In the climate change economics literature, the notion adaptation 
has been used in two discourses: assessment of climatic impact and 
climate change vulnerability. Though adaptation is used in both the 
discourses, they are different in terms of not only the research 
question they address but also the way in which they assess adaptive 
capacity. In the context of the adaptation, the former (impact) is a 
prescriptive or normative exercise or scientifically driven analysis (i.e. 
advising decision makers on how they should act), whereas the later 
(vulnerability) is a descriptive analysis or positive approach (i.e. 
illustrating how the decision makers are presently acting). 

Impact studies in general estimate the likelihood of cost of 
impact based on the projected emission scenarios now and forever. 
Here, the impact cost involves both adaptation cost and the cost 
beyond adaptation, i.e. residual or un-mitigated cost (Tol et al., 1998). 
These studies estimate the cost in terms of net impact minus 
adaptation. The vulnerability studies, in contrast, assess risk of an 
entity within the broader social, economic, political and 
environmental context. Here, adaptation is viewed as starting-point, 
i.e. vulnerability drives adaptation rather than adaptation driving it, 
and views adaptation as the current ability to cope with risk and 
secure livelihoods. In doing so, the vulnerability is the function of 
exposure, sensitivity and adaptive capacity (McCarthy et al., 2001).  

Though the purpose of both the studies is to reduce negative 
welfare effect through adaptation, this paper surveys both literature 
with two questions in mind: (i) how the notion adaptation is being 
articulated1, and (ii) to what extent their findings are useful for 
implementing and facilitating adaptations i.e. assessing vulnerability 
dynamics (identifying risks that affect human welfare, vulnerable 
entity and causes of the vulnerability), who adapts and what is the risk 
attitude behaviour of the adapted entity, and how do both ex-ante and 
ex-post adaptations occur (for a given level of options and barriers). 
For instance, the salt resistant seeds (e.g. Lunishree) can be treated as 
an ex-ante adaptation option for the poor farmer as it reduces the 
expected future crop loss due to storm surge; this is being suggested 
by the impact studies. It, however, could be a mal-adaptive option as it 
completely ignores non-climatic risks (e.g. social, political and 
economic risk2), current adaptive capacity of the farmer and feasibility 
of such adaptations; these issues are addressed in the vulnerability 
studies. Increasingly, such information have significant policy 
relevance in the context of prioritizing limited resources for the most 
vulnerable, and also for designing effective adaptation strategies to 
reduce vulnerability. The following flow diagram captures the 
conceptualization of the adaptation that is used in both the discourses 
discussed above. 

Given this background, the present study attempts to provide a 
critical review of both the studies in the context of the adaptation 
issues. The next section derives the meaning of adaptation in the 
climate change discourse. The rest of the paper outlines both impact 
driven adaptation and vulnerability driven adaptation approaches.   

2. Adaptation to Climate Change Meaning

Adaptation in general refers to the act of how the individuals, 
communities and societies adjust their activities, life courses, and 
location to get advantage from the fluxes of the social-ecological 
systems. It means to be more suitable (or to fit some purpose) by 
altering or modifying the current activities. It, however, has specific 
interpretation in different disciplines. For instance, in ecology, it 
frequently refers to the changes by which an organism or species 
becomes adapted to its environment, whereas in social sciences, it 
refers to the adjustments by individuals to the collective behaviour of 
the socio-economic systems (Smit et al., 2009).

In the climate change context, it means the adjustment in human 
and natural systems to actual or expected climatic stimuli, which can 
reduce negative impacts and take advantage of the positive (Agrawala 
and Fankhauser, 2008: 20). During the last two decades, various 
definitions of adaptation have emerged in the climate change context 
(see table 1). 

3. Impact Driven Adaptation Approach

In environmental economics literature, the environmental 
problem in general is considered as negative externality that has 
harmful impact on the human welfare. It could be analyzed in two 
ways: loss of human welfare through its potential impact is examined 
through market and price mechanism, and implementing institutional 
regulations (e.g. taxation, tradable permits and command-and-control) 
to control it (Spash, 2002). Likewise, the climate change economics 
studies (see Fankhauser, 1994; and Tol, 2008) have assessed the 
potential climatic impact cost on the human welfare now and forever 
based on projected GHG emission scenarios, and thus, suggested 
optimal path of mitigation (i.e. through implementing carbon tax and 
controlling the GHG emission level3) and also assessed the benefits of 
hypothetical adaptations4.

The potential impact cost that this study has discussed here has 
included both residual or unmitigated impact cost (i.e. inundation of 
the unprotected area), and the adaptation cost (i.e. cost of dyke to 
buffer against sea level rise and storm, and insurance cost in case of 
agriculture and infrastructure etc); the sum of both is called as social 
cost of carbon. The spatial impact studies have implicitly assumed 
climate specific adaptations for the selected sectors to estimate the 
impact cost (Tol et al., 1998). The cost and importance of adaptation, 
however, are not directly observed. Focusing on the effectiveness of 
adaptation, the sector wise studies (e.g. agriculture and sea level rise), 
on the other hand, have assessed the potential impact that follows with 
and without approach (Tol et al., 1998). In fact, both of them (spatial 
and sector wise studies) do not have separate adaptation cost 
estimation.
As the focus of the recent international climate change negotiation is 
shifting towards adaptation5, more attention is being paid to estimate 
the separate adaptation cost. Henceforth, the scholarly articles (i.e. 
both at macro and micro scale)6 have emerged to estimate anticipated 
or realized adaptation cost that not only helps international negotiators 
in order to allocate adaptation funds to the developing nations but also 
designs national adaptation strategies (World Bank, 2010; and 
Fankhauser, 2010). This section is therefore devoted to review both 
impact and adaptation cost studies. It primarily focuses on the 
hypothetical adaptation assumptions that each study has taken and to 
what extent they examine issues associated with the adaptation 
decision making process.    

3.1. Impact Cost Assessment

In the context of estimating the climatic impact cost, three 
approaches have emerged in the literature: enumerative approach 
(total damage is the sum of the individual damage categories partial 
equilibrium), general equilibrium approach (initial impact could have 
higher order effects and spill over to other sectors of the economy, e.g. 
the climatic impact on agriculture would have significant impact on 
food security) and shadow value approach (concerned with marginal 
damage per ton of GHG emission) (Fankhauser, 1994).  
During the early 1990s, the welfare of the climatic impact was studied 
mainly by four economists, e.g. William Cline, William Nordhaus, 
Samuel Fankhauser and Richard Tol, on different sensitive sectors 
(e.g. agriculture, sea level rise, health, eco-system and natural hazard 
etc) of the world, particularly the USA; these studies have followed 
enumerative approach. In the USA context, these studies have 
monetized the damage cost as 1 to 2 percent of GNP (gross national 
product) with respect to the doubling CO

2
 (i.e. 2.5 to 30C warming) 

(see Nordhaus, 1993; and Fankhauser, 1994). In the world context, 
Nordhaus has claimed that the USA result could be valid worldwide 
(Fankhauser, 1994). Cline, in contrast, estimated the overall damage 
as 6 percent of the GDP with 100C, and may be increased to 20 
percent under the pessimistic scenario (Heal, 2008). Besides 
discrepancy in the aggregate damage cost, these studies also have 
considerable differences in the face of individual damage categories 
(see Fankhauser, 1994). Likewise, Stern (2006) has calculated the 
potential impact cost would be in the range of 5-20 percent of the 
GDP now and forever.

Apart from the above studies, there is a wide range of studies 
that have estimated the potential impact cost not only at the spatial 
scale but also the sector wise. We have, however, reviewed a very 
minimum number of studies7 (see Table 2). The sector-wise studies 
have also emerged separately, particularly in agriculture, to estimate 
the climatic impact on the different sectors. The studies on agriculture 
have followed the general equilibrium approach to estimate the 
climatic impact and outline the benefits of hypothesized adaptation in 
the context of reducing the potential impact (see Table 3).
Under the backdrop of the above studies, one can find two divergent 
results. Most of the studies have estimated the global impact as either 
beneficial (e.g. Mendelsohn et al., Tol, and Hopes studies in Table 2) 
or slightly harmful (i.e. 1 to 2 percent) except Cline and Sterns 
assessment. Importantly, these studies have found that the developing 
nations are severely affected as compared to the developed nations 
(Mendelsohn et al., 2006; see Table 2). Here, the cost and the 
importance of the hypothesized adaptation cant observe directly. But, 
the range of 7 to 25 percent of the total cost can be classified as 
adaptation cost in the studies by Cline, Fankhauser and Tol (Tol et al., 
1998: 111). Importantly, the effectiveness of the adaptation is being 
observed in the case of sector wise studies, particularly agriculture. 
For example, Table 3 shows that farm level adaptation has reduced the 
impact by 30 to 100 percent (depending on the spatial scale).

These divergent findings (e.g. either under-estimating or over-
estimating) are dependant not only on the methodological 
assumptions that each study has taken in the context of conventional 
cost-benefit analysis8 and adaptation but also how these studies treat  
missing impacts, valuation of non-market goods, uncertainty or 
irreversibility or catastrophic impact and time horizon. Though all the 
above mentioned issues are required to be discussed, the present study 
has focused only on issues associated with adaptation9.

Both the spatial and sector-wise impact studies have assumed 
that the climate change is the only threat to the society in the 21st 
century, and everybody living in the present society are similarly 
exposed and also adapt. As we know, the present society is also 
exposed to other non-climatic risks (e.g. social, economic, political 
and environmental) that not only make them more susceptible to 
climatic risk but also affect the process of undertaking suggested 
climate specific adaptations. The understanding of such issues is still 
missing in the impact literature. Though these studies have focused 
only on climate change to suggest specific adaptive measures, it is still 
incomplete as only two factors of the climate change have been 
reckoned, e.g. temperature and rainfall. These studies therefore are 
ignoring the adaptation measures in the context of extreme events 
(e.g. cyclonic storm, flood and drought etc) and irreversible damages 
(e.g. loss of eco-system).

In the context of adaptation, the impact studies have pursued 
three projected scenarios: no adaptation, arbitrary adaptation and 
observed adaptation (Tol et al., 1998). The earlier impact studies (e.g. 
Adams et al., 1990) have assumed no adaptation, i.e. dumb farmer 
hypotheses. It seems there is no change in humans response in the 
face of changing climate. The complete ignorance of the adaptation 
could be over-estimated damage cost, because Table 3 clearly outlines 
the importance of adaptation to reduce the climatic impact. 

The global studies have tried to correct this shortcoming by 
assuming arbitrary scenarios on adaptation, i.e. either few adaptation 
measures or perfect adaptation. For example, the above global studies 
(e.g. Nordhaus, Cline, Fankhauser and Tol) have estimated impact 
cost for 15 different damage categories (see Fankhauser, 1994), 
however, adaptive measures are considered for only five of them (Tol 
et al., 1998), even though incomplete. In fact, in many cases the costs 
associated with adaptation are not included in the assessment, i.e. 
adaptation is cost free (Tol et al., 1998). Likewise, the agricultural 
studies have also assumed climate specific adaptation measures, e.g. 
Rosenzweig and Parry (see Table 3) have considered changing 
planting date and crops, and additional irrigation as farm level 
adaptation measures.
Further, the observed adaptation examines how different societies and 
individuals have adapted to the changes in climate in both the spatial 
and the temporal context (Tol et al., 1998). In the spatial scale, the 
adaptation measures taken by the different societies are likely to be 
captured, whereas the studies focusing on the temporal scale observe 
how the societies adapted to the past climatic change. For example, in 
the case of MINK (Missouri, Iowa, Nebraska and Kansas), Easterling 
et al.s study (see Table 3) has considered adaptation measures such as 
changing planting date and crops, improved irrigation and drought 
resistant seeds, and hence, established that these adaptation measures 
reduce impact by 29 to 60 percent. 
Focusing on the normative framework, the impact studies have 
suggested engineering and technological climate specific adaptations, 
and also assumed that each people will take such adaptations in order 
to reduce the expected future loss. Having bio-physical (i.e. agro-
ecological zone), social, economic and cultural diversity even in at the 
household level, it is too difficult to assume perfect adaptation 
hypotheses that everybody is able to adopt such adaptations. In 
addition, it only focuses on climate specific adaptation measures while 
ignoring development based activities (e.g. literacy and employment 
generation), which in general are called no-regret adaptations and 
increase the adaptive capacity of the people to stand against wide 
range of impacts. Further, it also fails to understand how adaptation 
occurs, the costs involved in the process and constraints of 
implementing such adaptation measures.   

3.2. Adaptation Cost Assessment

As mentioned above, few studies have been carried out to 
estimate the adaptation cost separately both region and sector wise 
(see Agrawala and Fankhauser, 2008; Parry et al., 2009; Fankhauser, 
2010; and World Bank, 2010)10. A survey on adaptation cost by 
Fankhauser (2010) has cited the earlier studies (e.g. World Bank, 
UNDP, OXFAM and Stern) as first generation studies, whereas the 
recent studies (e.g. UNFCCC) are grouped under second generation 
studies. The objective of these studies is to calculate price tag for 
adaptation to help policy makers in the global, regional and local 
context.

The first generation studies (see Table 4) have shared a common 
methodology for calculating the adaptation cost, which was first 
developed by the World Bank. Without mentioning adaptation 
options, these studies first estimated the fraction of current investment 
flows to climate sensitive sectors (e.g. 2-10 percent Gross Domestic 
Investment, 10 percent of Foreign Direct Investment and 40 percent of 
Official Development Assistance) and then used a mark-up factor (i.e. 
assumed 10-20 percent) that reflects the cost of climate-proofing 
future capital investment (Fankhauser, 2010).

The second generation studies estimated the adaptation cost, 
particularly for five sectors, e.g. agriculture, water, human health, 
coastal zones and infrastructure (see Table 5), even though these 
estimates are incomplete. UNFCCC (2007), for example, calculated 
the cost as US$ 49-171 billion per year for the year 2030. Further, the 
recent study by the World Bank (2010) has calculated the adaptation 
cost as US$ 89.6 and 77.7 billion in case of the world under two 
scenarios, e.g. NCAR (National Centre for Atmospheric Research) 
and CSIRO (Commonwealth Scientific and Industrial Research 
Organization) (see Table 4). Besides, there are also substantial studies 
to estimate adaptation cost for different regions and sectors (e.g. see 
Agrawala and Fankhauser, 2008). 

On the other hand, the study by Mckinsey (2009) has quantified 
the micro-level adaptation cost to identify the cost-effective options. 
Followed by the conventional cost-benefit analysis, it has identified 
cost-effective adaptation options for eight countries, including 
Maharashtra drought in India. It has adopted three methodological 
steps to estimate the cost curve: what are the prominent climatic risks 
that present society faces, to what extent the expected welfare of the 
society is lost from the identified risk current and in future, and what 
are the feasible adaptation options and what is the priority order on 
economic basis.

Unlike the impact cost literature, the adaptation cost research is 
still in its infancy. The first generation studies are, as Parry et al. 
(2009) have quoted, not substantive and they lack empirical evidence 
to choose the climate proofing mark-ups (Fankhauser, 2010). In the 
context of the other studies (e.g. UNFCCC, World Bank and 
Mckinsey), there are five important gaps: scope, depth, costing, 
uncertainty and time horizon (Fankhauser, 2010), and feasibility.

The first gap is scope, i.e. whether it covers all relevant impacts 
and countries. The adaptation cost studies have considered only the 
climatic impact and excluded the non-climatic impact, which could 
act as a barrier to implement adaptations. Even though it reckons only 
the climatic impact, it is still incomplete to cover all the impacts 
associated with the climate (e.g. three climatic impacts are considered 
in the World Banks Bangladesh case study: coastal, extreme events 
and social; see World Bank, 2010). On the other hand, it has also 
concentrated on few countries to calculate the adaptation cost. For 
instance, the World Bank study (see World Bank, 2010) has estimated 
the adaptation cost for seven countries: Mozambique, Ethiopia, 
Ghana, Bangladesh, Vietnam, Bolivia and Samoa. In spite of these 
problems, these studies have provided the adaptation cost estimation 
for limited sectors (e.g. five sectors in case of the UNFCCC study, and 
importantly, eco-system has not been included).  

The second gap is depth, i.e. whether all relevant adaptation 
options are considered for a given level of impact. These studies have 
assumed climate specific planned public adaptation to estimate the 
adaptation cost, and ignored private adaptation measures (i.e. 
autonomous adaptation). Importantly, it prefers only hard options 
(engineering solutions) over the soft behavioural and regulatory 
adaptations (agriculture in the UNFCCC and extreme weather events 
in the World Bank study are exceptions) as they are easy to estimate 
cost, feasible to implement, and not dealing with other social and 
institutional settings (Fankhauser, 2010).  
The third gap is costing, i.e. whether all relevant costs are included. 
Importantly, most estimates focus on investment costs, but ignore 
lifetime costs that include operating and decommissioning costs, and 
institutional and administrative costs (Fankhauser, 2010).  

The fourth gap is uncertainty and time horizon. It is wrong to 
assume perfect knowledge about future climate, i.e. clairvoyant 
farmer hypothesis, which has been adopted in all the cost estimates. 
On the other hand, these studies estimated the adaptation cost for a 
given future time period (e.g. 2030 and 2050 in the UNFCCC and the 
World Banks estimations respectively).  

The fifth gap is feasibility, i.e. possibility of implementing such 
adaptive measures within the existing social, economical and 
institutional settings. There is no such adaptation cost study which has 
looked into this issue.

4. Vulnerability Driven Adaptation Approach

The concept vulnerability has gained prominence from the 
ongoing climate change research, particularly after the Third 
Assessment Report (AR3) of the Inter-governmental Panel on Climate 
Change (IPCC). Therefore it should be noted that most of the scholars 
are interested in assessing vulnerability from different perspectives: 
region, sector, social groups and eco-systems etc. Despite noteworthy 
efforts (e.g. Janssen et al., 2006 outlined that 939 articles had cited it 
as a major theme of the climate change research), there existed a large 
number of definitions even within a single discipline (see Cutter, 
1996), and also lacked a widely accepted conceptual framework and 
empirical methodology. Henceforth, a wide range of disciplines have 
developed their own vulnerability framework for empirical 
assessment, even though they have similar research problems and 
objectives (Fussel, 2007). In particular, there is no presuming 
assumption that each discipline has to follow similar methodology and 
conceptual framework (Alwang et al., 2001). 
The vulnerability research, however, still has larger policy 
implications in the context of addressing issues associated with 
facilitating and implementing adaptations. It pronounces adaptation as 
the starting-point, i.e. present ability of the individual and household 
to secure livelihoods in the face of risks within the broader social, 
economic, political and environmental contexts. Instead of focusing 
on the climate oriented adaptations that impact studies do, it has 
shifted towards integrated (i.e. mix of development and climate 
specific adaptations) and less climatic focused no-regret adaptations. 
Such adaptations not only enhance the overall capacity of the 
individual and household to buffer against wide range of impacts but 
also not regret in the future about their adaptation investment in case 
of no climatic events. It in particular addresses specific research 
questions associated with the adaptation. For instance, what are the 
risks (climatic and non-climatic) that present society faces, who is 
vulnerable (dependant on the scale of assessment) and why, who adapt 
and the risk attitude behaviour of the adapted entity, and how do such 
adaptations occur with given level of options and barriers. 

Meanwhile, the notion vulnerability has already been discussed 
in other discourses like food security, poverty and natural hazard etc. 
In fact, these antecedent discourses have given broader perspectives to 
analyze vulnerability to the climate change. In this section, this study 
has discussed on how earlier studies have articulated adaptation within 
the broader notion of  vulnerability, and to what extent climate change 
research has addressed issues related to adaptation.

4.1. Understanding of Vulnerability in Poverty, Famine 
and Natural Hazard

In the poverty discourse, the notion vulnerability has been used 
to assess how the welfare of the people is being affected by different 
risks (e.g. idiosyncratic risk ill health of bread winner, and covariate 
risk natural hazard and war etc). In general it is often viewed as a 
synonym for the poor (Chambers, 1989), i.e. the people below poverty 
line are always considered as vulnerable because they dont have the 
capacity to stand against such risks. But, vulnerability is more than 
poverty. For instance, the poverty measured in terms of low income 
can be reduced by borrowing and depleting existing resources, 
however such debt can make people more vulnerable in the future. 
This said, the poor people are not equally exposed to risks, and in fact, 
the non-chronic poor people can also fall into poverty due to risks. 
Vulnerability here refers to an ex-ante risk that a household will have 
at the welfare level (i.e. consumption or income) below some norm or 
benchmark in the future due to risk, shocks and stress, provided the 
current status of the household (Hoddinott and Quisumbing, 2003). 
Importantly, the aim is to examine how vulnerable households can be 
helped to better manage or be less susceptible to such risks.

The degree of vulnerability therefore depends on the 
characteristics of the risk (i.e. an external side to which a household is 
exposed), and households ability to respond to risk (i.e. an internal 
side that means lack of coping capacity) (Chambers, 1989). In the 
context of assessing risks, these studies have assessed the risks/ 
shocks that affect human welfare, intensity of these shocks and the 
affected entity (see Dercon et al., 2005). Ability to respond to risk, on 
the other hand, broadly depends on the households asset-base (e.g. 
tangible and intangible asset), which occurs in two stages: income 
smoothing/ ex-ante (i.e. income diversification: buying insurance and 
off-farm activities, and income skewing: low risk production), and 
consumption smoothing/ ex-post (i.e. borrowing, depleting and 
accumulating non-financial assets, adjusting labour supply and 
dropping out children from school etc) (Morduch, 1995). In this 
context, these studies have assessed the sources of vulnerability, 
households coping strategies and risk attitude behaviour11 
(Binswanger, 1978; Eswaran and Kotwal, 1990; and Yamauchi et al., 
2009), effectiveness of coping (Dercon and Krishnan, 2000), and 
options and constraints of such coping measures (Dercon, 2002).

The famine literature has used three important approaches to 
understand the vulnerability, i.e. production, exchange and asset 
(Swift, 2006). Initially, the notion famine was conceptualized as 
failure of production due to drought, flood, and animal and plant 
diseases, which leads to decline in consumption. Amartya Sens classic 
work on famine, in contrast, has established that it has happened 
where there was no failure of production, and hence, identified that 
failure of exchange or entitlement capacity was the prominent cause 
of famine among the poor people (Sen, 1986). Here, Sen argued that 
the means of poor peoples production activities or endowments (e.g. 
labour, cash crops and animals) are affected during the famine period, 
which in turn influences the consumption pattern of the poor people. 
It seems that an individual or household is vulnerable if his/her 
endowment bundle or entitlement capacity is low. It outlines the 
adaptive capacity and also examines both inter and intra-household 
differential vulnerability12.

The third approach asset has particularly extended the discussion 
on the terms of trade part of Sens entitlement analyses. It means sum 
of both tangible and intangible assets to assist in time of crisis, which 
can be classified as investments (education and health), stores (food, 
gold and bank accounts) and claims (assistance from family friends, 
government and international organization) (Swift, 2006: 44). In this 
context, households have portfolios of investments, stores and claims 
which can be changed over seasons and longer periods, and also 
viewed as households adaptive capacity to deal with different stress 
and shocks. With assessing these three factors, one can clearly 
describe why a group of people is more vulnerable than others and to 
what extent they can insure themselves.

Further, vulnerability is also used in other discourses like risk-
hazard, human ecology or political ecology and natural hazard. The 
risk-hazard studies are especially based on the dose-response model, 
i.e. combination of exposure to any risk and sensitivity of the exposed 
entity (Turner et al., 2003). The human ecology or political ecology 
approach, however, has criticized it as not dealing with political 
economy, especially social structures and institutions. This approach 
therefore has emphasized on the role of social, economic and political 
factors of a given system to define vulnerability (Adger, 2006).

Combining these two traditions of the hazard research (risk-
hazard and political ecology), Wisner et al. (2004) have developed 
pressure and release model, where risk is the function of perturbation/ 
stress, and vulnerability of the exposed unit, i.e. Risk = Hazard x 
Vulnerability.  Here, vulnerability is part of the risk, which is 
explained as capacity to anticipate, cope with, respond to and recover 
from an external stress. It depends on the combination of three social 
factors: root causes, dynamic pressures and unsafe conditions (see 
Wisner et al., 2004). The root causes deal with the economic, 
demographic and political processes within the society to derive the 
distribution of power. The dynamic pressures act like a mediator to 
transfer the root causes into particular forms of insecurity (i.e. unsafe 
conditions) by reducing access to resources (see Wisner et al., 2004). 
Further, Cutter (1996) has classified vulnerability as the vulnerability 
to exposure (i.e. conditions that make people or places susceptible to 
hazards), vulnerability as a social condition (i.e. measure of resilience 
to hazard), and vulnerability as a place or region (i.e. integration of 
both exposure and societal resilience with focus on a particular 
region).          

4.2. Vulnerability to Climate Change

The existing climate change studies (e.g. McCarthy et al., 2001; 
Brooks, 2003; Turner et al., 2003; Ionescu et al., 2005; Adger, 2006; 
Fussel, 2007; and OBrien et al., 2007) have asserted that the 
vulnerability is the complex interaction between human-environment 
or social and ecological systems13, which is called as an integrated 
approach. The former (socio-economic) means the state of a human 
system which is shaped by political, economic and social process; it 
can either put people at more risk or reduce the impact of shocks. 
Importantly, it understands why there exists differential vulnerability 
among the people even in a particular space and exposed to similar 
hazards, i.e. the adaptive capacity to defense against the climatic 
hazards. The later (bio-physical), in contrast, refers to the likelihood 
of occurrence of climatic shocks (Brooks, 2003). Thus, the 
vulnerability of a system (i.e. household, community or country) is 
depending on the systems propensity to be adversely affected 
(includes both exposure and sensitivity), and systems ability to deal 
with or recover from its adverse impacts (adaptive capacity).      
The climate change scholars have in general followed the IPCC AR3 
definition to assess vulnerability. It defines vulnerability as the degree 
to which a system is susceptible to or is unable to cope with adverse 
effects of climate change including climate variability and extremes, 
and it is the function of the character, magnitude, and rate of climate 
variation to which a system is exposed, its sensitivity and its adaptive 
capacity (McCarthy et al., 2001: 995). 
Though substantial studies have emerged in the climate change 
vulnerability context (see Janssen et al., 2006), the present study has 
cited few of them14 in the context of the developing nations generally, 
and particularly India, to highlight the extent to which the ongoing 
vulnerability research has addressed issues associated with adaptation. 
In the late 1990s, the vulnerability studies considered social 
vulnerability as the entry point of the climate change policy decisions, 
which means the capacity of the individual to cope or recover from 
the external stress that placed on their livelihood (Kelly and Adger, 
2000). Following Sens entitlement approach, Kelly and Adger (2000) 
have assessed both individual and collective vulnerability (both are 
not mutually exclusive) in the context of coastal Vietnam to cyclonic 
storm. Here, the process of the entitlement or the pattern of access to 
resources is determined by both assets that each individual has and 
context within which they are distributed, including formal structures 
and more diffused rules of the game and social and cultural norms. 
Hence, the variation of command over resources has been used to 
derive the diversified vulnerability, which is known as the systems 
inherent capacity. However, such assessment was criticized in the 
context of missing the notion of physical vulnerability.
Adopting the IPCC methodology, wide range of scholarly literature 
(e.g. in the Indian context: see OBrien et al., 2004; Kumar and 
Tholkappian, 2006; and Sharma and Patwardhan, 2008a and b) has 
assessed vulnerability to identify the hotspots and the causes of the 
vulnerability, which can assist policy makers to disburse limited 
resources based on the vulnerability rank. Further, the recent study by 
Adger et al. (2009) has extended the spatially bound vulnerability 
assessment by incorporating the idea of nested and tele-connected. It 
shows that vulnerability is concerned with a large scale process of 
socio-cultural change and market integration. For example, the 
vulnerability of a coffee farmer in Vietnam depends on the adoption 
of the globalization policy in the Mexican coffee sector. But, such 
assessments still do not incorporate issues associated with adaptation 
(e.g. facilitation and implementation of the adaptation measures) into 
the vulnerability assessment. On the other hand, a few studies have 
emerged in the recent years in Africa (see Maddison, 2007) to 
examine adaptation issues, e.g. peoples perception on the climate 
change and the adaptation measures, and options and barriers on 
implementing such adaptations. However, such assessments are 
missing in the Indian context.   

5. Conclusions

The recent experience has recognized that the adaptation is a 
successful tool to deal with the unmitigated climatic impact, and 
hence, the recent ongoing climate negotiations have given special 
emphasis on it. Meanwhile, it is used by two climate change 
economics discourses, such as impact and vulnerability. It was 
interpreted as normative/ scientific driven perspective in the former 
discourse, whereas the later articulated it as descriptive/ positive 
perspective. However, both are different in the context of not only 
addressing the research question but also assessing the adaptive 
capacity.
Assuming adaptation as static or end-point approach, the impact 
studies have calculated the future potential impact cost based on the 
projected scenarios. Though the impact cost estimation includes 
adaptation and residual impact cost, the former (adaptation cost) 
cannot be directly observed from the impact studies. Further, the 
effectiveness of the adaptation is being examined in the sector wise 
impact studies (e.g. agriculture), and not in the spatial impact 
assessment. In the recent years, few scholarly studies have emerged to 
estimate separate adaptation cost, even though incomplete, to help 
policy makers at the global, regional and local scale. In the adaptation 
context, both the impact and adaptation cost studies have assumed 
clairvoyant farmer hypothesis, i.e. people know exactly the future 
climatic impact and climate specific adaptations. However, it is wrong 
to assume perfect knowledge about the future climatic impact as the 
available scenarios are still uncertain. In addition, it is also difficult to 
assume climate driven adaptations excluding non-climatic risks, and 
not assessing the feasibility of adaptations, i.e. peoples behaviour, and 
options and constraints. 
Presuming adaptation as the starting-point, the vulnerability discourse, 
in contrast, has assessed the risk of an entity within the broader social, 
economic, political and environmental context. In doing so, it views 
adaptive capacity as the current ability to cope with risk and secure 
livelihoods, and also addresses specific research issues, such as 
identifying welfare reducing risks (climatic and non-climatic) and 
vulnerable entity, how people cope with these risks, and feasibility of 
these coping mechanisms (given the level of options and barriers). 
Increasingly, such information have significant policy relevance to 
prioritize limited resources for the most susceptible and also for 
designing the most effective adaptations. 

In the context of the empirical studies in India, the vulnerability 
research so far has developed to identify vulnerable hotspots. It in 
general identifies who is vulnerable (e.g. district) and the causes of 
vulnerability. However, such information are not enough to design 
most of the effective adaptations. As the literature suggests that there 
is differential vulnerability even at household level, it thus needs to 
downscale the vulnerability assessment, and on the other hand, there 
is a scope to examine issues associated with facilitating and 
implementing adaptations.

Notes

1 See OBrien et al. (2007): for earlier survey in this context. 
2 For example, quoting other studies Pielke et al. (2007) 
argued that global population at risk from malaria would increase by 
100 percent by 2080 without taking climate change into account, 
whereas accounting for climate change would further increase this risk 
by at most 7 percent (p. 598).
3 Nordhaus, for example, has suggested carbon tax as US$ 11 
per ton CO

2
 in 2015, 15 in 2025, 24 as late as 2050 and rising to 55 by 

2100 (Cline, 2010: 388). In the context of reducing the GHG 
emission, Nordhaus has proposed the optimal rate of emission 
reduction as 10-15 percent (Tol, 2008: 440), and Stern, in contrast, 
has suggested 30-70 percent reduction in the next two decades 
(Nordhaus, 2007: 201).
4 For example: irrigation, changing cropping patterns or 
production systems in the case of agriculture; and sea dyke in the case 
of sea level rise and cyclonic storm.
5 In December 2007 Bali Action Plan (COP-13), the 
developed nations have agreed to provide adequate, predictable, 
sustainable financial resources including official and concessional 
funding for developing country parties in order to adapt to the climate 
change (World Bank, 2010: 1). Further, the COP-15 Copenhagen 
2009 has continued this focus (Ford et al., 2010).  
6 Macro estimation: see Agrawala and Fankhauser (2008); 
Parry et al. (2009) and World Bank (2010); and Micro Estimation: see 
Mckinsey (2009).
7 See Fankhauser (1994); Fankhauser and Tol (1996) and Tol 
(2008): for a comprehensive review on impact cost assessment.
8 It has calculated on the basis of saving equation (i.e. = + g) 
given by Ramsey (1928), which depends on two normative 
parameters: discount rate (i.e. : the future is discounted by the 
economists because they are just future with living in different time 
periods and having different income levels), and consumption 
elasticity (i.e. : the aversion to the economic equality among different 
generations; Nordhaus, 2007).  
9 For other issues: see Fankhauser (1994); Tol (2008) and 
Heal (2008). In addition, a large number of studies have emerged to 
discuss controversies in between Nordhaus and Stern: see Nordhaus 
(2007); Dasgupta (2007); Spash (2007); and Mendelsohn (2008).
10 See Kumar (2009a): for an excellent conceptual and 
methodological review on adaptation cost.
11 Morduchs study in India shows that poor households devote 
larger share of land to safer traditional varieties of rice than to riskier 
and high value activities (c.f. Dercon et al., 2005).  
12 See Agarwal (1990): intra-household vulnerability in India, 
i.e. sharing of risk within the household.
13 For vulnerability framework: see Turner II et al., (2003); and 
for conceptual evolution of vulnerability: see Fussel (2007).
14 See Adger (2006); Fussel and Klein (2006); and Fussel 
(2007): for an excellent review on vulnerability to climate change.
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Abstract

In the international arena, two broad policy responses have 
emerged to deal with negative impact of climate change, i.e. 
'mitigation' and 'adaptation'. Though adaptation is required to 
reduce un-mitigated climatic impact, the ongoing international 
climate conventions and scholarly studies have given less 
emphasis to it in comparison to mitigation. In climate change 
economics literature, the notion adaptation has been used in 
two discourses: 'impact' and 'vulnerability', and both are 
different in the context of not only addressing research question 
but also assessing adaptive capacity. Assuming adaptation as 
'static or end-point' approach, the impact studies have 
estimated potential impact cost, which involves both 
adaptation and residual or un-mitigated impact cost, based on 
projected emission scenarios now and forever. The 
vulnerability studies, in contrast, have presumed adaptation as 
'starting-point' approach, and assessed risk of an entity within 
the broader social, economic, political and environmental 
context. In the context of adaptation, the former (impact) 
assumes clairvoyant farmer hypothesis, and hence, suggests 
climate specific adaptations. The later (vulnerability), on the 
other hand, views adaptation as the current ability of a person 
to cope with risk and secure livelihoods, which in particular 
assessing vulnerability, who adapts and his/ her risk attitude 
behaviour, and process of occurring adaptations. Though the 
purpose of both is to reduce negative impact through 
adaptation, the present study surveys both the sets of studies 
based on two questions: how the notion of adaptation is being 
articulated and to what extent their findings are useful for 
implementing and facilitating adaptations.          
 Key Word: climate change, adaptation, impact, and 
vulnerability      
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1. Introduction

In recent years, the scientific studies on climate change have 
categorically demonstrated that climate variation in the short run and 
climate change in the long run will have non-linear negative welfare 
effect in the decade yet to come, in developing nations particularly 
(see McCarthy et al., 2001; Stern, 2006; Mendelsohn et al., 2006; and 
Parry et al., 2007). In the international arena, two broad policy 
responses have emerged to deal with the climate change, namely, 
mitigation and adaptation. The international climate conventions (e.g. 
United Nations Framework Convention on Climate Change-
UNFCCC) and the scholarly literature, however, have emphasized 
mitigation as a major policy prescription, giving relatively less 
importance to adaptation (Pielke et al., 2007; and Kumar, 2009a). Of 
late, the later has been recognized as an effective tool in reducing un-
mitigated climatic impact; it is due to four reasons.

First, the society is already experiencing and also committed to 
certain irreversible impact due to the past and present emission of 
greenhouse gases (GHGs) (Stern, 2006; Pielke et al., 2007; and Adger 
and Barnett, 2009). Second, an ex-ante adaptation is more effective, 
less costly and also sustainable (i.e. avoid mal-adaptation) than an ex-
post adaptation (McCarthy et al., 2001; and Adger and Barnett, 2009). 
Stern (2006), for example, estimated that the cost of action can be 
limited to 1 percent of the global GDP (Gross Domestic Product) each 
year. Third, several million of people are already exposed to poverty, 
and thus the added climatic risk will have harder impact on their 
livelihood (Pielke et al., 2007). Fourth, there are strong concerns from 
the vulnerable developing nations to enhance their resilience capacity 
through international responses in the form of adaptation (Pielke et 
al., 2007).

In the climate change economics literature, the notion adaptation 
has been used in two discourses: assessment of climatic impact and 
climate change vulnerability. Though adaptation is used in both the 
discourses, they are different in terms of not only the research 
question they address but also the way in which they assess adaptive 
capacity. In the context of the adaptation, the former (impact) is a 
prescriptive or normative exercise or scientifically driven analysis (i.e. 
advising decision makers on how they should act), whereas the later 
(vulnerability) is a descriptive analysis or positive approach (i.e. 
illustrating how the decision makers are presently acting). 

Impact studies in general estimate the likelihood of cost of 
impact based on the projected emission scenarios now and forever. 
Here, the impact cost involves both adaptation cost and the cost 
beyond adaptation, i.e. residual or un-mitigated cost (Tol et al., 1998). 
These studies estimate the cost in terms of net impact minus 
adaptation. The vulnerability studies, in contrast, assess risk of an 
entity within the broader social, economic, political and 
environmental context. Here, adaptation is viewed as starting-point, 
i.e. vulnerability drives adaptation rather than adaptation driving it, 
and views adaptation as the current ability to cope with risk and 
secure livelihoods. In doing so, the vulnerability is the function of 
exposure, sensitivity and adaptive capacity (McCarthy et al., 2001).  

Though the purpose of both the studies is to reduce negative 
welfare effect through adaptation, this paper surveys both literature 
with two questions in mind: (i) how the notion adaptation is being 
articulated1, and (ii) to what extent their findings are useful for 
implementing and facilitating adaptations i.e. assessing vulnerability 
dynamics (identifying risks that affect human welfare, vulnerable 
entity and causes of the vulnerability), who adapts and what is the risk 
attitude behaviour of the adapted entity, and how do both ex-ante and 
ex-post adaptations occur (for a given level of options and barriers). 
For instance, the salt resistant seeds (e.g. Lunishree) can be treated as 
an ex-ante adaptation option for the poor farmer as it reduces the 
expected future crop loss due to storm surge; this is being suggested 
by the impact studies. It, however, could be a mal-adaptive option as it 
completely ignores non-climatic risks (e.g. social, political and 
economic risk2), current adaptive capacity of the farmer and feasibility 
of such adaptations; these issues are addressed in the vulnerability 
studies. Increasingly, such information have significant policy 
relevance in the context of prioritizing limited resources for the most 
vulnerable, and also for designing effective adaptation strategies to 
reduce vulnerability. The following flow diagram captures the 
conceptualization of the adaptation that is used in both the discourses 
discussed above. 

Given this background, the present study attempts to provide a 
critical review of both the studies in the context of the adaptation 
issues. The next section derives the meaning of adaptation in the 
climate change discourse. The rest of the paper outlines both impact 
driven adaptation and vulnerability driven adaptation approaches.   

2. Adaptation to Climate Change Meaning

Adaptation in general refers to the act of how the individuals, 
communities and societies adjust their activities, life courses, and 
location to get advantage from the fluxes of the social-ecological 
systems. It means to be more suitable (or to fit some purpose) by 
altering or modifying the current activities. It, however, has specific 
interpretation in different disciplines. For instance, in ecology, it 
frequently refers to the changes by which an organism or species 
becomes adapted to its environment, whereas in social sciences, it 
refers to the adjustments by individuals to the collective behaviour of 
the socio-economic systems (Smit et al., 2009).

In the climate change context, it means the adjustment in human 
and natural systems to actual or expected climatic stimuli, which can 
reduce negative impacts and take advantage of the positive (Agrawala 
and Fankhauser, 2008: 20). During the last two decades, various 
definitions of adaptation have emerged in the climate change context 
(see table 1). 

3. Impact Driven Adaptation Approach

In environmental economics literature, the environmental 
problem in general is considered as negative externality that has 
harmful impact on the human welfare. It could be analyzed in two 
ways: loss of human welfare through its potential impact is examined 
through market and price mechanism, and implementing institutional 
regulations (e.g. taxation, tradable permits and command-and-control) 
to control it (Spash, 2002). Likewise, the climate change economics 
studies (see Fankhauser, 1994; and Tol, 2008) have assessed the 
potential climatic impact cost on the human welfare now and forever 
based on projected GHG emission scenarios, and thus, suggested 
optimal path of mitigation (i.e. through implementing carbon tax and 
controlling the GHG emission level3) and also assessed the benefits of 
hypothetical adaptations4.

The potential impact cost that this study has discussed here has 
included both residual or unmitigated impact cost (i.e. inundation of 
the unprotected area), and the adaptation cost (i.e. cost of dyke to 
buffer against sea level rise and storm, and insurance cost in case of 
agriculture and infrastructure etc); the sum of both is called as social 
cost of carbon. The spatial impact studies have implicitly assumed 
climate specific adaptations for the selected sectors to estimate the 
impact cost (Tol et al., 1998). The cost and importance of adaptation, 
however, are not directly observed. Focusing on the effectiveness of 
adaptation, the sector wise studies (e.g. agriculture and sea level rise), 
on the other hand, have assessed the potential impact that follows with 
and without approach (Tol et al., 1998). In fact, both of them (spatial 
and sector wise studies) do not have separate adaptation cost 
estimation.
As the focus of the recent international climate change negotiation is 
shifting towards adaptation5, more attention is being paid to estimate 
the separate adaptation cost. Henceforth, the scholarly articles (i.e. 
both at macro and micro scale)6 have emerged to estimate anticipated 
or realized adaptation cost that not only helps international negotiators 
in order to allocate adaptation funds to the developing nations but also 
designs national adaptation strategies (World Bank, 2010; and 
Fankhauser, 2010). This section is therefore devoted to review both 
impact and adaptation cost studies. It primarily focuses on the 
hypothetical adaptation assumptions that each study has taken and to 
what extent they examine issues associated with the adaptation 
decision making process.    

3.1. Impact Cost Assessment

In the context of estimating the climatic impact cost, three 
approaches have emerged in the literature: enumerative approach 
(total damage is the sum of the individual damage categories partial 
equilibrium), general equilibrium approach (initial impact could have 
higher order effects and spill over to other sectors of the economy, e.g. 
the climatic impact on agriculture would have significant impact on 
food security) and shadow value approach (concerned with marginal 
damage per ton of GHG emission) (Fankhauser, 1994).  
During the early 1990s, the welfare of the climatic impact was studied 
mainly by four economists, e.g. William Cline, William Nordhaus, 
Samuel Fankhauser and Richard Tol, on different sensitive sectors 
(e.g. agriculture, sea level rise, health, eco-system and natural hazard 
etc) of the world, particularly the USA; these studies have followed 
enumerative approach. In the USA context, these studies have 
monetized the damage cost as 1 to 2 percent of GNP (gross national 
product) with respect to the doubling CO
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 (i.e. 2.5 to 30C warming) 

(see Nordhaus, 1993; and Fankhauser, 1994). In the world context, 
Nordhaus has claimed that the USA result could be valid worldwide 
(Fankhauser, 1994). Cline, in contrast, estimated the overall damage 
as 6 percent of the GDP with 100C, and may be increased to 20 
percent under the pessimistic scenario (Heal, 2008). Besides 
discrepancy in the aggregate damage cost, these studies also have 
considerable differences in the face of individual damage categories 
(see Fankhauser, 1994). Likewise, Stern (2006) has calculated the 
potential impact cost would be in the range of 5-20 percent of the 
GDP now and forever.

Apart from the above studies, there is a wide range of studies 
that have estimated the potential impact cost not only at the spatial 
scale but also the sector wise. We have, however, reviewed a very 
minimum number of studies7 (see Table 2). The sector-wise studies 
have also emerged separately, particularly in agriculture, to estimate 
the climatic impact on the different sectors. The studies on agriculture 
have followed the general equilibrium approach to estimate the 
climatic impact and outline the benefits of hypothesized adaptation in 
the context of reducing the potential impact (see Table 3).
Under the backdrop of the above studies, one can find two divergent 
results. Most of the studies have estimated the global impact as either 
beneficial (e.g. Mendelsohn et al., Tol, and Hopes studies in Table 2) 
or slightly harmful (i.e. 1 to 2 percent) except Cline and Sterns 
assessment. Importantly, these studies have found that the developing 
nations are severely affected as compared to the developed nations 
(Mendelsohn et al., 2006; see Table 2). Here, the cost and the 
importance of the hypothesized adaptation cant observe directly. But, 
the range of 7 to 25 percent of the total cost can be classified as 
adaptation cost in the studies by Cline, Fankhauser and Tol (Tol et al., 
1998: 111). Importantly, the effectiveness of the adaptation is being 
observed in the case of sector wise studies, particularly agriculture. 
For example, Table 3 shows that farm level adaptation has reduced the 
impact by 30 to 100 percent (depending on the spatial scale).

These divergent findings (e.g. either under-estimating or over-
estimating) are dependant not only on the methodological 
assumptions that each study has taken in the context of conventional 
cost-benefit analysis8 and adaptation but also how these studies treat  
missing impacts, valuation of non-market goods, uncertainty or 
irreversibility or catastrophic impact and time horizon. Though all the 
above mentioned issues are required to be discussed, the present study 
has focused only on issues associated with adaptation9.

Both the spatial and sector-wise impact studies have assumed 
that the climate change is the only threat to the society in the 21st 
century, and everybody living in the present society are similarly 
exposed and also adapt. As we know, the present society is also 
exposed to other non-climatic risks (e.g. social, economic, political 
and environmental) that not only make them more susceptible to 
climatic risk but also affect the process of undertaking suggested 
climate specific adaptations. The understanding of such issues is still 
missing in the impact literature. Though these studies have focused 
only on climate change to suggest specific adaptive measures, it is still 
incomplete as only two factors of the climate change have been 
reckoned, e.g. temperature and rainfall. These studies therefore are 
ignoring the adaptation measures in the context of extreme events 
(e.g. cyclonic storm, flood and drought etc) and irreversible damages 
(e.g. loss of eco-system).

In the context of adaptation, the impact studies have pursued 
three projected scenarios: no adaptation, arbitrary adaptation and 
observed adaptation (Tol et al., 1998). The earlier impact studies (e.g. 
Adams et al., 1990) have assumed no adaptation, i.e. dumb farmer 
hypotheses. It seems there is no change in humans response in the 
face of changing climate. The complete ignorance of the adaptation 
could be over-estimated damage cost, because Table 3 clearly outlines 
the importance of adaptation to reduce the climatic impact. 

The global studies have tried to correct this shortcoming by 
assuming arbitrary scenarios on adaptation, i.e. either few adaptation 
measures or perfect adaptation. For example, the above global studies 
(e.g. Nordhaus, Cline, Fankhauser and Tol) have estimated impact 
cost for 15 different damage categories (see Fankhauser, 1994), 
however, adaptive measures are considered for only five of them (Tol 
et al., 1998), even though incomplete. In fact, in many cases the costs 
associated with adaptation are not included in the assessment, i.e. 
adaptation is cost free (Tol et al., 1998). Likewise, the agricultural 
studies have also assumed climate specific adaptation measures, e.g. 
Rosenzweig and Parry (see Table 3) have considered changing 
planting date and crops, and additional irrigation as farm level 
adaptation measures.
Further, the observed adaptation examines how different societies and 
individuals have adapted to the changes in climate in both the spatial 
and the temporal context (Tol et al., 1998). In the spatial scale, the 
adaptation measures taken by the different societies are likely to be 
captured, whereas the studies focusing on the temporal scale observe 
how the societies adapted to the past climatic change. For example, in 
the case of MINK (Missouri, Iowa, Nebraska and Kansas), Easterling 
et al.s study (see Table 3) has considered adaptation measures such as 
changing planting date and crops, improved irrigation and drought 
resistant seeds, and hence, established that these adaptation measures 
reduce impact by 29 to 60 percent. 
Focusing on the normative framework, the impact studies have 
suggested engineering and technological climate specific adaptations, 
and also assumed that each people will take such adaptations in order 
to reduce the expected future loss. Having bio-physical (i.e. agro-
ecological zone), social, economic and cultural diversity even in at the 
household level, it is too difficult to assume perfect adaptation 
hypotheses that everybody is able to adopt such adaptations. In 
addition, it only focuses on climate specific adaptation measures while 
ignoring development based activities (e.g. literacy and employment 
generation), which in general are called no-regret adaptations and 
increase the adaptive capacity of the people to stand against wide 
range of impacts. Further, it also fails to understand how adaptation 
occurs, the costs involved in the process and constraints of 
implementing such adaptation measures.   

3.2. Adaptation Cost Assessment

As mentioned above, few studies have been carried out to 
estimate the adaptation cost separately both region and sector wise 
(see Agrawala and Fankhauser, 2008; Parry et al., 2009; Fankhauser, 
2010; and World Bank, 2010)10. A survey on adaptation cost by 
Fankhauser (2010) has cited the earlier studies (e.g. World Bank, 
UNDP, OXFAM and Stern) as first generation studies, whereas the 
recent studies (e.g. UNFCCC) are grouped under second generation 
studies. The objective of these studies is to calculate price tag for 
adaptation to help policy makers in the global, regional and local 
context.

The first generation studies (see Table 4) have shared a common 
methodology for calculating the adaptation cost, which was first 
developed by the World Bank. Without mentioning adaptation 
options, these studies first estimated the fraction of current investment 
flows to climate sensitive sectors (e.g. 2-10 percent Gross Domestic 
Investment, 10 percent of Foreign Direct Investment and 40 percent of 
Official Development Assistance) and then used a mark-up factor (i.e. 
assumed 10-20 percent) that reflects the cost of climate-proofing 
future capital investment (Fankhauser, 2010).

The second generation studies estimated the adaptation cost, 
particularly for five sectors, e.g. agriculture, water, human health, 
coastal zones and infrastructure (see Table 5), even though these 
estimates are incomplete. UNFCCC (2007), for example, calculated 
the cost as US$ 49-171 billion per year for the year 2030. Further, the 
recent study by the World Bank (2010) has calculated the adaptation 
cost as US$ 89.6 and 77.7 billion in case of the world under two 
scenarios, e.g. NCAR (National Centre for Atmospheric Research) 
and CSIRO (Commonwealth Scientific and Industrial Research 
Organization) (see Table 4). Besides, there are also substantial studies 
to estimate adaptation cost for different regions and sectors (e.g. see 
Agrawala and Fankhauser, 2008). 

On the other hand, the study by Mckinsey (2009) has quantified 
the micro-level adaptation cost to identify the cost-effective options. 
Followed by the conventional cost-benefit analysis, it has identified 
cost-effective adaptation options for eight countries, including 
Maharashtra drought in India. It has adopted three methodological 
steps to estimate the cost curve: what are the prominent climatic risks 
that present society faces, to what extent the expected welfare of the 
society is lost from the identified risk current and in future, and what 
are the feasible adaptation options and what is the priority order on 
economic basis.

Unlike the impact cost literature, the adaptation cost research is 
still in its infancy. The first generation studies are, as Parry et al. 
(2009) have quoted, not substantive and they lack empirical evidence 
to choose the climate proofing mark-ups (Fankhauser, 2010). In the 
context of the other studies (e.g. UNFCCC, World Bank and 
Mckinsey), there are five important gaps: scope, depth, costing, 
uncertainty and time horizon (Fankhauser, 2010), and feasibility.

The first gap is scope, i.e. whether it covers all relevant impacts 
and countries. The adaptation cost studies have considered only the 
climatic impact and excluded the non-climatic impact, which could 
act as a barrier to implement adaptations. Even though it reckons only 
the climatic impact, it is still incomplete to cover all the impacts 
associated with the climate (e.g. three climatic impacts are considered 
in the World Banks Bangladesh case study: coastal, extreme events 
and social; see World Bank, 2010). On the other hand, it has also 
concentrated on few countries to calculate the adaptation cost. For 
instance, the World Bank study (see World Bank, 2010) has estimated 
the adaptation cost for seven countries: Mozambique, Ethiopia, 
Ghana, Bangladesh, Vietnam, Bolivia and Samoa. In spite of these 
problems, these studies have provided the adaptation cost estimation 
for limited sectors (e.g. five sectors in case of the UNFCCC study, and 
importantly, eco-system has not been included).  

The second gap is depth, i.e. whether all relevant adaptation 
options are considered for a given level of impact. These studies have 
assumed climate specific planned public adaptation to estimate the 
adaptation cost, and ignored private adaptation measures (i.e. 
autonomous adaptation). Importantly, it prefers only hard options 
(engineering solutions) over the soft behavioural and regulatory 
adaptations (agriculture in the UNFCCC and extreme weather events 
in the World Bank study are exceptions) as they are easy to estimate 
cost, feasible to implement, and not dealing with other social and 
institutional settings (Fankhauser, 2010).  
The third gap is costing, i.e. whether all relevant costs are included. 
Importantly, most estimates focus on investment costs, but ignore 
lifetime costs that include operating and decommissioning costs, and 
institutional and administrative costs (Fankhauser, 2010).  

The fourth gap is uncertainty and time horizon. It is wrong to 
assume perfect knowledge about future climate, i.e. clairvoyant 
farmer hypothesis, which has been adopted in all the cost estimates. 
On the other hand, these studies estimated the adaptation cost for a 
given future time period (e.g. 2030 and 2050 in the UNFCCC and the 
World Banks estimations respectively).  

The fifth gap is feasibility, i.e. possibility of implementing such 
adaptive measures within the existing social, economical and 
institutional settings. There is no such adaptation cost study which has 
looked into this issue.

4. Vulnerability Driven Adaptation Approach

The concept vulnerability has gained prominence from the 
ongoing climate change research, particularly after the Third 
Assessment Report (AR3) of the Inter-governmental Panel on Climate 
Change (IPCC). Therefore it should be noted that most of the scholars 
are interested in assessing vulnerability from different perspectives: 
region, sector, social groups and eco-systems etc. Despite noteworthy 
efforts (e.g. Janssen et al., 2006 outlined that 939 articles had cited it 
as a major theme of the climate change research), there existed a large 
number of definitions even within a single discipline (see Cutter, 
1996), and also lacked a widely accepted conceptual framework and 
empirical methodology. Henceforth, a wide range of disciplines have 
developed their own vulnerability framework for empirical 
assessment, even though they have similar research problems and 
objectives (Fussel, 2007). In particular, there is no presuming 
assumption that each discipline has to follow similar methodology and 
conceptual framework (Alwang et al., 2001). 
The vulnerability research, however, still has larger policy 
implications in the context of addressing issues associated with 
facilitating and implementing adaptations. It pronounces adaptation as 
the starting-point, i.e. present ability of the individual and household 
to secure livelihoods in the face of risks within the broader social, 
economic, political and environmental contexts. Instead of focusing 
on the climate oriented adaptations that impact studies do, it has 
shifted towards integrated (i.e. mix of development and climate 
specific adaptations) and less climatic focused no-regret adaptations. 
Such adaptations not only enhance the overall capacity of the 
individual and household to buffer against wide range of impacts but 
also not regret in the future about their adaptation investment in case 
of no climatic events. It in particular addresses specific research 
questions associated with the adaptation. For instance, what are the 
risks (climatic and non-climatic) that present society faces, who is 
vulnerable (dependant on the scale of assessment) and why, who adapt 
and the risk attitude behaviour of the adapted entity, and how do such 
adaptations occur with given level of options and barriers. 

Meanwhile, the notion vulnerability has already been discussed 
in other discourses like food security, poverty and natural hazard etc. 
In fact, these antecedent discourses have given broader perspectives to 
analyze vulnerability to the climate change. In this section, this study 
has discussed on how earlier studies have articulated adaptation within 
the broader notion of  vulnerability, and to what extent climate change 
research has addressed issues related to adaptation.

4.1. Understanding of Vulnerability in Poverty, Famine 
and Natural Hazard

In the poverty discourse, the notion vulnerability has been used 
to assess how the welfare of the people is being affected by different 
risks (e.g. idiosyncratic risk ill health of bread winner, and covariate 
risk natural hazard and war etc). In general it is often viewed as a 
synonym for the poor (Chambers, 1989), i.e. the people below poverty 
line are always considered as vulnerable because they dont have the 
capacity to stand against such risks. But, vulnerability is more than 
poverty. For instance, the poverty measured in terms of low income 
can be reduced by borrowing and depleting existing resources, 
however such debt can make people more vulnerable in the future. 
This said, the poor people are not equally exposed to risks, and in fact, 
the non-chronic poor people can also fall into poverty due to risks. 
Vulnerability here refers to an ex-ante risk that a household will have 
at the welfare level (i.e. consumption or income) below some norm or 
benchmark in the future due to risk, shocks and stress, provided the 
current status of the household (Hoddinott and Quisumbing, 2003). 
Importantly, the aim is to examine how vulnerable households can be 
helped to better manage or be less susceptible to such risks.

The degree of vulnerability therefore depends on the 
characteristics of the risk (i.e. an external side to which a household is 
exposed), and households ability to respond to risk (i.e. an internal 
side that means lack of coping capacity) (Chambers, 1989). In the 
context of assessing risks, these studies have assessed the risks/ 
shocks that affect human welfare, intensity of these shocks and the 
affected entity (see Dercon et al., 2005). Ability to respond to risk, on 
the other hand, broadly depends on the households asset-base (e.g. 
tangible and intangible asset), which occurs in two stages: income 
smoothing/ ex-ante (i.e. income diversification: buying insurance and 
off-farm activities, and income skewing: low risk production), and 
consumption smoothing/ ex-post (i.e. borrowing, depleting and 
accumulating non-financial assets, adjusting labour supply and 
dropping out children from school etc) (Morduch, 1995). In this 
context, these studies have assessed the sources of vulnerability, 
households coping strategies and risk attitude behaviour11 
(Binswanger, 1978; Eswaran and Kotwal, 1990; and Yamauchi et al., 
2009), effectiveness of coping (Dercon and Krishnan, 2000), and 
options and constraints of such coping measures (Dercon, 2002).

The famine literature has used three important approaches to 
understand the vulnerability, i.e. production, exchange and asset 
(Swift, 2006). Initially, the notion famine was conceptualized as 
failure of production due to drought, flood, and animal and plant 
diseases, which leads to decline in consumption. Amartya Sens classic 
work on famine, in contrast, has established that it has happened 
where there was no failure of production, and hence, identified that 
failure of exchange or entitlement capacity was the prominent cause 
of famine among the poor people (Sen, 1986). Here, Sen argued that 
the means of poor peoples production activities or endowments (e.g. 
labour, cash crops and animals) are affected during the famine period, 
which in turn influences the consumption pattern of the poor people. 
It seems that an individual or household is vulnerable if his/her 
endowment bundle or entitlement capacity is low. It outlines the 
adaptive capacity and also examines both inter and intra-household 
differential vulnerability12.

The third approach asset has particularly extended the discussion 
on the terms of trade part of Sens entitlement analyses. It means sum 
of both tangible and intangible assets to assist in time of crisis, which 
can be classified as investments (education and health), stores (food, 
gold and bank accounts) and claims (assistance from family friends, 
government and international organization) (Swift, 2006: 44). In this 
context, households have portfolios of investments, stores and claims 
which can be changed over seasons and longer periods, and also 
viewed as households adaptive capacity to deal with different stress 
and shocks. With assessing these three factors, one can clearly 
describe why a group of people is more vulnerable than others and to 
what extent they can insure themselves.

Further, vulnerability is also used in other discourses like risk-
hazard, human ecology or political ecology and natural hazard. The 
risk-hazard studies are especially based on the dose-response model, 
i.e. combination of exposure to any risk and sensitivity of the exposed 
entity (Turner et al., 2003). The human ecology or political ecology 
approach, however, has criticized it as not dealing with political 
economy, especially social structures and institutions. This approach 
therefore has emphasized on the role of social, economic and political 
factors of a given system to define vulnerability (Adger, 2006).

Combining these two traditions of the hazard research (risk-
hazard and political ecology), Wisner et al. (2004) have developed 
pressure and release model, where risk is the function of perturbation/ 
stress, and vulnerability of the exposed unit, i.e. Risk = Hazard x 
Vulnerability.  Here, vulnerability is part of the risk, which is 
explained as capacity to anticipate, cope with, respond to and recover 
from an external stress. It depends on the combination of three social 
factors: root causes, dynamic pressures and unsafe conditions (see 
Wisner et al., 2004). The root causes deal with the economic, 
demographic and political processes within the society to derive the 
distribution of power. The dynamic pressures act like a mediator to 
transfer the root causes into particular forms of insecurity (i.e. unsafe 
conditions) by reducing access to resources (see Wisner et al., 2004). 
Further, Cutter (1996) has classified vulnerability as the vulnerability 
to exposure (i.e. conditions that make people or places susceptible to 
hazards), vulnerability as a social condition (i.e. measure of resilience 
to hazard), and vulnerability as a place or region (i.e. integration of 
both exposure and societal resilience with focus on a particular 
region).          

4.2. Vulnerability to Climate Change

The existing climate change studies (e.g. McCarthy et al., 2001; 
Brooks, 2003; Turner et al., 2003; Ionescu et al., 2005; Adger, 2006; 
Fussel, 2007; and OBrien et al., 2007) have asserted that the 
vulnerability is the complex interaction between human-environment 
or social and ecological systems13, which is called as an integrated 
approach. The former (socio-economic) means the state of a human 
system which is shaped by political, economic and social process; it 
can either put people at more risk or reduce the impact of shocks. 
Importantly, it understands why there exists differential vulnerability 
among the people even in a particular space and exposed to similar 
hazards, i.e. the adaptive capacity to defense against the climatic 
hazards. The later (bio-physical), in contrast, refers to the likelihood 
of occurrence of climatic shocks (Brooks, 2003). Thus, the 
vulnerability of a system (i.e. household, community or country) is 
depending on the systems propensity to be adversely affected 
(includes both exposure and sensitivity), and systems ability to deal 
with or recover from its adverse impacts (adaptive capacity).      
The climate change scholars have in general followed the IPCC AR3 
definition to assess vulnerability. It defines vulnerability as the degree 
to which a system is susceptible to or is unable to cope with adverse 
effects of climate change including climate variability and extremes, 
and it is the function of the character, magnitude, and rate of climate 
variation to which a system is exposed, its sensitivity and its adaptive 
capacity (McCarthy et al., 2001: 995). 
Though substantial studies have emerged in the climate change 
vulnerability context (see Janssen et al., 2006), the present study has 
cited few of them14 in the context of the developing nations generally, 
and particularly India, to highlight the extent to which the ongoing 
vulnerability research has addressed issues associated with adaptation. 
In the late 1990s, the vulnerability studies considered social 
vulnerability as the entry point of the climate change policy decisions, 
which means the capacity of the individual to cope or recover from 
the external stress that placed on their livelihood (Kelly and Adger, 
2000). Following Sens entitlement approach, Kelly and Adger (2000) 
have assessed both individual and collective vulnerability (both are 
not mutually exclusive) in the context of coastal Vietnam to cyclonic 
storm. Here, the process of the entitlement or the pattern of access to 
resources is determined by both assets that each individual has and 
context within which they are distributed, including formal structures 
and more diffused rules of the game and social and cultural norms. 
Hence, the variation of command over resources has been used to 
derive the diversified vulnerability, which is known as the systems 
inherent capacity. However, such assessment was criticized in the 
context of missing the notion of physical vulnerability.
Adopting the IPCC methodology, wide range of scholarly literature 
(e.g. in the Indian context: see OBrien et al., 2004; Kumar and 
Tholkappian, 2006; and Sharma and Patwardhan, 2008a and b) has 
assessed vulnerability to identify the hotspots and the causes of the 
vulnerability, which can assist policy makers to disburse limited 
resources based on the vulnerability rank. Further, the recent study by 
Adger et al. (2009) has extended the spatially bound vulnerability 
assessment by incorporating the idea of nested and tele-connected. It 
shows that vulnerability is concerned with a large scale process of 
socio-cultural change and market integration. For example, the 
vulnerability of a coffee farmer in Vietnam depends on the adoption 
of the globalization policy in the Mexican coffee sector. But, such 
assessments still do not incorporate issues associated with adaptation 
(e.g. facilitation and implementation of the adaptation measures) into 
the vulnerability assessment. On the other hand, a few studies have 
emerged in the recent years in Africa (see Maddison, 2007) to 
examine adaptation issues, e.g. peoples perception on the climate 
change and the adaptation measures, and options and barriers on 
implementing such adaptations. However, such assessments are 
missing in the Indian context.   

5. Conclusions

The recent experience has recognized that the adaptation is a 
successful tool to deal with the unmitigated climatic impact, and 
hence, the recent ongoing climate negotiations have given special 
emphasis on it. Meanwhile, it is used by two climate change 
economics discourses, such as impact and vulnerability. It was 
interpreted as normative/ scientific driven perspective in the former 
discourse, whereas the later articulated it as descriptive/ positive 
perspective. However, both are different in the context of not only 
addressing the research question but also assessing the adaptive 
capacity.
Assuming adaptation as static or end-point approach, the impact 
studies have calculated the future potential impact cost based on the 
projected scenarios. Though the impact cost estimation includes 
adaptation and residual impact cost, the former (adaptation cost) 
cannot be directly observed from the impact studies. Further, the 
effectiveness of the adaptation is being examined in the sector wise 
impact studies (e.g. agriculture), and not in the spatial impact 
assessment. In the recent years, few scholarly studies have emerged to 
estimate separate adaptation cost, even though incomplete, to help 
policy makers at the global, regional and local scale. In the adaptation 
context, both the impact and adaptation cost studies have assumed 
clairvoyant farmer hypothesis, i.e. people know exactly the future 
climatic impact and climate specific adaptations. However, it is wrong 
to assume perfect knowledge about the future climatic impact as the 
available scenarios are still uncertain. In addition, it is also difficult to 
assume climate driven adaptations excluding non-climatic risks, and 
not assessing the feasibility of adaptations, i.e. peoples behaviour, and 
options and constraints. 
Presuming adaptation as the starting-point, the vulnerability discourse, 
in contrast, has assessed the risk of an entity within the broader social, 
economic, political and environmental context. In doing so, it views 
adaptive capacity as the current ability to cope with risk and secure 
livelihoods, and also addresses specific research issues, such as 
identifying welfare reducing risks (climatic and non-climatic) and 
vulnerable entity, how people cope with these risks, and feasibility of 
these coping mechanisms (given the level of options and barriers). 
Increasingly, such information have significant policy relevance to 
prioritize limited resources for the most susceptible and also for 
designing the most effective adaptations. 

In the context of the empirical studies in India, the vulnerability 
research so far has developed to identify vulnerable hotspots. It in 
general identifies who is vulnerable (e.g. district) and the causes of 
vulnerability. However, such information are not enough to design 
most of the effective adaptations. As the literature suggests that there 
is differential vulnerability even at household level, it thus needs to 
downscale the vulnerability assessment, and on the other hand, there 
is a scope to examine issues associated with facilitating and 
implementing adaptations.

Notes

1 See OBrien et al. (2007): for earlier survey in this context. 
2 For example, quoting other studies Pielke et al. (2007) 
argued that global population at risk from malaria would increase by 
100 percent by 2080 without taking climate change into account, 
whereas accounting for climate change would further increase this risk 
by at most 7 percent (p. 598).
3 Nordhaus, for example, has suggested carbon tax as US$ 11 
per ton CO

2
 in 2015, 15 in 2025, 24 as late as 2050 and rising to 55 by 

2100 (Cline, 2010: 388). In the context of reducing the GHG 
emission, Nordhaus has proposed the optimal rate of emission 
reduction as 10-15 percent (Tol, 2008: 440), and Stern, in contrast, 
has suggested 30-70 percent reduction in the next two decades 
(Nordhaus, 2007: 201).
4 For example: irrigation, changing cropping patterns or 
production systems in the case of agriculture; and sea dyke in the case 
of sea level rise and cyclonic storm.
5 In December 2007 Bali Action Plan (COP-13), the 
developed nations have agreed to provide adequate, predictable, 
sustainable financial resources including official and concessional 
funding for developing country parties in order to adapt to the climate 
change (World Bank, 2010: 1). Further, the COP-15 Copenhagen 
2009 has continued this focus (Ford et al., 2010).  
6 Macro estimation: see Agrawala and Fankhauser (2008); 
Parry et al. (2009) and World Bank (2010); and Micro Estimation: see 
Mckinsey (2009).
7 See Fankhauser (1994); Fankhauser and Tol (1996) and Tol 
(2008): for a comprehensive review on impact cost assessment.
8 It has calculated on the basis of saving equation (i.e. = + g) 
given by Ramsey (1928), which depends on two normative 
parameters: discount rate (i.e. : the future is discounted by the 
economists because they are just future with living in different time 
periods and having different income levels), and consumption 
elasticity (i.e. : the aversion to the economic equality among different 
generations; Nordhaus, 2007).  
9 For other issues: see Fankhauser (1994); Tol (2008) and 
Heal (2008). In addition, a large number of studies have emerged to 
discuss controversies in between Nordhaus and Stern: see Nordhaus 
(2007); Dasgupta (2007); Spash (2007); and Mendelsohn (2008).
10 See Kumar (2009a): for an excellent conceptual and 
methodological review on adaptation cost.
11 Morduchs study in India shows that poor households devote 
larger share of land to safer traditional varieties of rice than to riskier 
and high value activities (c.f. Dercon et al., 2005).  
12 See Agarwal (1990): intra-household vulnerability in India, 
i.e. sharing of risk within the household.
13 For vulnerability framework: see Turner II et al., (2003); and 
for conceptual evolution of vulnerability: see Fussel (2007).
14 See Adger (2006); Fussel and Klein (2006); and Fussel 
(2007): for an excellent review on vulnerability to climate change.
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*

Table 2: Estimation of the impact of the climate change in various regions of the 
World

Note : a The global results were aggregated by Tol (2008); b The top estimate is for the 
experimental model, and the bottom estimate for the cross-sectional model; c Note that 
Mendelsohn et al. only include market impacts; d The national results were aggregated 
to regions by Tol (2008) for reasons of comparability; e Maddison only considers 
market impacts on households; f Based on different models e.g. Parallel Climate 
Model (PCM)/ Center for Climate Research Studies (CCSR)/ Canadian General 
Circulation Model (CGCM1); and g Estimation of both experimental and cross-
sectional.

Source : Mendelsohn et al. (2006: 166); and Tol (2008: 441)
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