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Abstract:

About the Author:

Adaptation to climate change is inevitable and risk transfer
mechanisms through insurance can be an important
adaptation measure as mentioned in the 2007 Bali Action
Plan. Microinsurance tailored to the needs of resourcepoor communities is an innovative financial tool for people
most vulnerable to climate change. The Micro Insurance
Academy (MIA) in collaboration with BASIX is
implementing a project called ‘Climate Resilience through
Risk Transfer’ (RES-RISK) which aims at reducing the
vulnerability
of
low-income
families
through
microinsurance solutions. This project employs a
longitudinal study to assess the impact of the intervention.
To assess the impact, mid-term as well as end-term, it is
essential to know the pre-intervention vulnerability to
climate risks, which is a function of exposure, sensitivity
and adaptive capacity, and to compare it with the postintervention changes. In a first step the parameters that
define the exposure to climate change, such as frequency
of extreme weather events are identified. Similarly,
parameters for the sensitivity, related to demographics,
health, agricultural and livestock; and the adaptive
capacity, e.g. level of diversification of income sources,
have to be selected. In RES-RISK, the initial vulnerability
mapping is based on an extensive baseline survey (4200
household interviews, 50 focus group discussions, 60 key
informant interviews), complemented by secondary data
from sources like IMD, Disaster Management Authority,
District Agriculture Office, Census Department, etc.
Vulnerability mapping is conducted in GIS platform at
village level for Shrigonda and Karjat blocks of Ahmednagar
district in Maharashtra and Hajipur, Bidupur and Vaishali
blocks
of
Vaishali
district
in
Bihar.
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Introduction
The expected impacts of climate change in India are an increase in temperature, change in precipitation patterns including
monsoons, rise in sea levels and melting of Himalayan glaciers (INCCA 2010). Consequently, frequency and intensity of droughts
and floods will be on the rise in certain parts of India, with adverse effects on human health, agriculture and livelihood,
particularly of those who are at the Bottom of the Pyramid (BoP). Hence, enhancing the resilience of vulnerable communities to
the impacts of climate change through adaptation is becoming increasingly important (Downing and Patwardhan 2005). “Risk
management and risk reduction strategies, including risk sharing and transfer mechanisms such as insurance” are identified as an
effective adaptation tool in Bali Action Plan at the 13th Conference of the Parties and the 3rd Meeting of the Parties in December
2007 in Bali (Warner, Ranger et al. 2009). However, poorer communities which tend to be more exposed and less resilient to
economic shocks, especially those triggered by climatic conditions, have limited access to conventional insurance (Steinmann
2012). Innovative microinsurance solutions tailored to the needs of local communities can protect the excluded, vulnerable, and
poor communities (Dror and Jacquier 1999).
This context inspired the Climate Change and Development Division (CCD) of the Embassy of Switzerland, India, to mandate the
Micro Insurance Academy (MIA) and BASIX to develop and execute an implementation strategy for the multi-year project
‘Climate resilience through risk transfer’ (hereafter RES-RISK). The overall goal of the project is to enhance the resilience of
vulnerable communities to climate change by developing pro-poor microinsurance solutions. However, the objectives of the
project are sensitive to the fact that incurred changes in climate until now and anticipated future changes impacting the
communities disproportionately based on their vulnerability (IPCC 2007). Therefore, vulnerability assessment is a useful tool to
identify the sectors and regions which are at high risk to the adverse impacts of climate change (Füssel and Klein 2006). In
addition, quantifying and comparing pre- and post-intervention vulnerability will support in the impact assessment of whether
the intervention strategy increases the resilience of climate-vulnerable communities.

Vulnerability Assessment: A 4-Step Approach
Vulnerability is a broad term and has been defined in many ways in the past (Polsky, Schröter et al. 2003, O'Brien, Leichenko et
al. 2004, Downing and Patwardhan 2005, Füssel and Klein 2006, Heltberg and Bonch-Osmolovskiy 2011). Conducting a
vulnerability assessment to climate risks requires the articulation of a coherent definition of vulnerability. The Forth Assessment
Report published by the Intergovernmental Panel on Climate Change (IPCC) defines vulnerability in the specific context of climate
variability as a degree, to which the system is susceptible to, or unable to cope with, adverse impacts of climate change, including
climate variability and extremes (IPCC 2007). In order to quantify the vulnerability, a 4-step approach has been applied in the
past in various vulnerability assessment studies (O'Brien, Leichenko et al. 2004, Heltberg and Bonch-Osmolovskiy 2011). In the 4step approach vulnerability is a function of three components, namely exposure, sensitivity, and adaptive capacity (O'Brien,
Leichenko et al. 2004, Heltberg and Bonch-Osmolovskiy 2011) which are calculated individually and then in the fourth step
aggregated to determine the vulnerability. Exposure is the degree of climate stress upon a particular unit of analysis (Heltberg
and Bonch-Osmolovskiy 2011) that may include the frequency of extreme events like floods. Sensitivity is the inherent
characteristics of the system that defines its response when it is exposed to a climate stress that includes socio-economic and
biophysical characteristics (Polsky, Schröter et al. 2003, Füssel and Klein 2006). Adaptive Capacity is the system’s ability to adjust
or to cope with the consequences of climate change (OECD 2009). Indicators have been identified for each of these components
that help in describing a complex reality in simpler terms and also allow spatial and temporal comparisons (Heltberg and BonchOsmolovskiy 2011). All the indicators in this study are taken in the form of percentages as this simplifies the aggregation of these
parameters to the three components required for the computation of the vulnerability index.

Study Area:
The study area covers 52 villages of Bihar and Maharashtra representing two different agro-ecological zones in India. While Bihar
is more prone to flooding and irregular monsoon patterns, Ahmednagar is one of the most drought prone regions in Maharashtra
(Guhathakurta 2012). The villages are located in Hajipur, Bidupur and Vaishali blocks of Vaishali district in Bihar; Shrigonda and
Karjat blocks in Ahmednagar district in Maharashtra. The extensive household survey was conducted in villages in the five above
mentioned blocks. A multi-stage stratification sampling technique is applied to determine the villages within the intervention
area to be included in the survey and identify the number of households to be interviewed in each of those villages. In our study
we have two cohorts; the first cohort (intervention group) consists of households, where at least one individual is a member of a
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self-help group (SHG) of our partner organizations (namely, VAFSA, NIDAN and Sampada Trust). The second cohort (control
group) consists of households, where none of the family members is associated to our partner-SHGs. The intervention group
comprises households those will be beneficiaries of the microinsurance project, while the control group will serve as a
comparison group and will be excluded from the insurance schemes. Details of villages are given in Annexure I. Figure 1 shows
the sampled villages of Vaishali, Shrigonda and Karjat blocks.

Figure 1: Location map of villages sampled in selected blocks in Ahmednagar and Vaishali districrs (Inset map of Ahmednagar and Vaishali
district is taken from Wikipedia)

Methodology:
The data used in this study includes both primary and secondary data as shown in Table 1. The primary data consists of the
household survey. The secondary data considered are rainfall and temperature data from Indian Meteorological Department
(IMD), 2001 Census data from Census Department, and disaster statistics from Department of Disaster Management.
Table 1: Details of data used in vulnerability assessment
S.No.
1

Data used
Rainfall (daily) on
block level

Source
IMD

Details
Shrigonda: Beginning of 1901 to end of 2004 (100 years) with missing years
(1966, 1983, 1985, and 1991)
Karjat: Beginning of 1901 to end of 2004 (101 years) with missing years
(1968, 1982, 1991)
Hajipur: Beginning of 1901 to end of 2006 (88 years) with missing years
(1969-1973, 1995-2003, missing months in 2004-2006)
Bidupur: Beginning of 1964 to end of 2006 (28 years) with missing years
(1967 – 1969, 1971-1974, 2001-2003, missing months in 1999-2000, and
2004-2006)
Vaishali: Beginning of 1968 to end of 2006 (28 years) with missing
years(1969, 1971-1973, 2001-2003 , missing months in 1974, 2000, 2004,
and 2006)
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2

IMD

Ahmednagar: Beginning of 1970 to end of 2008 (36 years) with missing years
(1994-1995, and 2004)
Patna: Beginning of 1970 to end of 2007 (38 years) with no missing years

3

Temperature (daily
minimum and maximum) on district
level
2001 Census

Indian Census

4

Frequency of floods

5

Household survey

6

Data on Self Help
Groups (SHGs)

Department of Disaster
Management, Bihar
Primary data collection
through
structured
questionnaires
Primary data

Available at village level. Total population, total households, total literate,
and total population below 6 years
Available at block level from 1987 – 2010 (24 years)
Household data for in total 4200 households in both Bihar and Maharashtra

Collected by field coordinators of RES-RISK project

The four steps followed in vulnerability assessment are as follows:
1. Identifying indicators and assessing adaptive capacity: Adaptive Capacity is considered as a function of wealth, education,
levels of social capital, and presence of alternative livelihood options (Heltberg and Bonch-Osmolovskiy 2011). The
indicators were estimated using field calculator in ArcGIS 9.3 and then overlaid to give assessment of the adaptive
capacity. Following indicators were identified to assess the adaptive capacity:
(i) Percentage of households that are part of SHGs (A): It is an indicator for social capital, which is the degree to which
communities can collectively solve problems and face disasters.
(ii) Percentage of population who are literate (B): It defines the awareness level of the community and influences the
response of people in case of a disaster.
(iii) Percentage of households having more than two income sources (C): It helps in understanding how well
households have adapted by diversifying their income sources.
(iv) Percentage of households having (different type) of insurance coverage (D): In the household survey, people were
asked whether they have one or more of the following insurance types: agriculture, asset, livestock, health and life.
These are the main areas that get affected by disasters and having insurance means that policy holders will be able
to transfer some of their financial risks in case of a disaster. All these proportions were combined with equal
weights to develop this indicator.
The adaptive capacity is here based on the above indicators and calculated in the following way:

2.

Identifying indicators and assessing sensitivity: Sensitivity is a function of the susceptibility of population, assets and
livelihoods that are exposed to risk. Regions that face the same exposure may have differential vulnerability due to their
inherent susceptibility. Following parameters are identified and estimated using the field calculator of ArcGIS 9.3 and then
overlaid to give assessment of sensitivity:
(i) Percentage of population below 6 years of age (A): Population below 6 years are more susceptible to getting
health problems due to low immunity and are thus more prone to changes in climate/weather.
(ii) Percentage of households involved only in agriculture and livestock (B): Households having agriculture and
livestock as their primary source of income will be most affected as these livelihood options are the most climate
sensitive.
(iii) Percentage of households relying on unsafe sources for drinking water (C ): Unsafe sources in this study include
tanker water, water from open wells and surface sources like rivers, lakes, etc., as these sources are more likely to
be contaminated.
(iv) Percentage of households not using any practice to make water safe for drinking (D): Even though the water is
taken from unsafe sources, households can opt for practices to make it safe for drinking like boiling. Households
that take water from unsafe sources and do not opt for any practice to make it safe for drinking will be more
sensitive.
(v) Percentage of households involved in agriculture only as landless farm laborers (E): Households that are landless
and working as farm laborers will be more susceptible to impacts of climate change.
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(vi) Percentage of households not using irrigation practices (F): Households that are involved in agriculture, but do not
use any irrigation practice or in other words only rely on rainwater for agriculture, will be most susceptible to the
irregular patterns of rainfall.
(vii) Percentage of households not having access to agricultural inputs from government (G): Households that do not
have access to government support in terms of provision of agricultural inputs like seeds, fertilizers, and pesticides
will be more sensitive to disaster leading to agricultural loss.
(viii) Percentage of households not having access to agricultural extension services (H): Households that do not have
access to agricultural extension services will be limited in their access to better farm technologies and thus, will
have a higher agricultural risk.
(ix) Percentage of households not having toilet facility (I): Households that do not have a toilet facility and go to open
field for defecation will have poor hygiene and sanitation practices. It can also give an indication of the poor
economic condition of the household.
(x) Percentage of households not using veterinary care services for livestock health problems (J): Percentage of
households that do not go to government or private veterinary clinics for the treatment of their livestock will
indicate limited access of health care services for their livestock.
(xi) Percentage of households not using government hospital services (K): It will give an indication of the limited access
of cheap and quality health care services provided by government.
(xii) Percentage of household not using private clinics/doctor services (L): It will give an indication of the limited access
of quality health care services provided by private health clinics. It also indicates the economic condition of the
household as private health clinics are more expensive as compared to government hospitals.
The sensitivity computed based on indicators reported above is centered on following formula:
(

3.

)

(

(

)

Identifying indicators and assessing exposure: Exposure to extreme weather events have been defined by 4 indicators as
follows:
(i) Probability (in %) of meteorological drought (A): Meteorological drought occurs when the actual rainfall is less
than 75% of the normal rainfall (Gore, Prasad et al. 2010). Long period averages provided by IMD were taken as the
benchmarks for normal rainfall in this study and IMD data series were used to determine the frequency of this
weather event during the last decades.
(ii) Probability (in %) of flood (B): Flood data was procured from the Department of Disaster Management and
probability (in percentage) was estimated by dividing number of floods by total observed years (derived from
secondary data collected from Indian Meteorological Department).
(iii) Probability (in %) of extremely hot months (C): Extreme hot months are defined in this study as those months
where average maximum temperature is above 40°C. This threshold was chosen based on the historical trends of
maximum temperature.
(iv) Probability (in %) of extremely cold months (D): Extreme cold months are defined in this study as those months
where average minimum temperature is below 8°C. This threshold was chosen based on the historical trends of
minimum temperature.
Based on the above indicators, the exposure is computed with the following formula:
(

4.

)

)

Vulnerability Assessment: In mathematical terms, the vulnerability is defined by the following equation (Heltberg and
Bonch-Osmolovskiy 2011):

Results and observations:
The analysis and subsequent calculation of the vulnerability index and its components reveals the following:
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i.

ii.
iii.

iv.
v.

vi.
vii.
viii.

Penetration of agriculture and livestock insurance is very low in both Maharashtra and Bihar. The low penetration of
agriculture and livestock insurance could be attributed to low insurance awareness and hence low demand, lack of
supply of appropriate insurance products in the area or low affordability in the study area.
Amongst the five type of insurance considered in the household questionnaire, life insurance has the highest
penetration.
A very high percentage of SHG households were found in Vishanpaidu village of Bidupur block, Chakpitambar and
Benipur village of Vaishali block. This shows that local partner organizations in Bidupur and Vaishali blocks, i.e. NIDAN
and VASFA are very active and have good presence in the area.
Literacy is much higher in Ahmednagar district as compared to Vaishali district.
Adaptive capacity is high for Goykarwadi and Bhose village of Karjat block and Panapur Kushyari and Vishanpaidu village
of Bidupur. Figure 2 shows the indicators of adaptive capacity for these villages. Vishanpaidu village of Bidupur has the
highest adaptive capacity amongst 52 villages under study because of high social capital, high penetration of health
insurance and reasonable income diversification and literacy rate. High penetration of health insurance in Vishanpaidu
could be because of the active health insurance scheme of NIDAN. However, Goykarwadi and Bhose villages of Karjat
block have high adaptive capacity due to high literacy rate and relatively high penetration of agriculture and livestock
insurance.
Access to government support in terms of agricultural inputs like seeds, fertilizers and pesticides is very low in all the
villages.
Access to agricultural extension services is much higher in Ahmednagar district in comparison to Vaishali, highest in
Suregaon and Gavhanewadi in Shrigonda block.
In case of a health problem, people prefer going to private health clinics in comparison to governmental hospitals mostly
in Ahmednagar district. Further analysis is required to understand the reason behind this preference but it also shows
that people are not compromising in health care services for the cost of treatment.

Figure 2: Indicators for adaptive capacity for villages having high adaptive capacity

ix.
x.

xi.
xii.

xiii.
xiv.
xv.

There are more households in Ahmednagar district that have agriculture and livestock as their primary source of income
even though water scarcity is more prevalent in this district.
There is a very clear trend that more households in Ahmednagar rely on unsafe sources for drinking water. However,
households in Ahmednagar district mostly use some or the other practice to make it safe for drinking compared to the
situation in Vaishali district.
More households in Vaishali and Bidupur block are landless farm laborers.
There are only a very few households not using any irrigation practice. Those are more concentrated in Karjat block
which could be because of the extremely low ground water level making some irrigation practices too expensive an
option.
A lot of households lack even basic facility such as a toilet.
The share of the population below 6 years is much higher in Bihar where in addition the average family size is larger.
Sensitivity is highest for Chaklewadi and Bhose villages of Karjat block in Ahmednagar district because they have a very
high number of households that drink water from unsafe sources and that have no toilet facility. A majority of the
households in these villages are relying on agriculture and livestock for their primary source of income. A considerably
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xvi.
xvii.

high percentage of households also do not get government support for agriculture inputs. There is much a higher trend
in these villages to not go to government hospitals for health treatment and also for not taking veterinary care services.
Exposure was much higher for Hajipur and Bidupur blocks in Vaishali district, because the probability for flooding
droughts is very high.
Vulnerability maps produced after combining exposure, sensitivity, and adaptive capacity using Arc GIS show highest
vulnerability for Imaidpur Sultan of Hajipur district encircled in Figure 3. Though the sensitivity of the village is medium,
low adaptive capacity and high exposure cause high vulnerability.

Adaptive Capacity

Sensitivity

Exposure

Vulnerability
Figure 3: Adaptive capacity, sensitivity, exposure and vulnerability maps for Hajipur and Bidupur blocks
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Conclusion:
Vulnerability mapping in this study helped in identifying the areas that might be worst affected in case of an extreme event and
climate variability. It also indicated that most households in the target area lack even the basic facilities like safe drinking water.
The results also showed that most people are either not aware of government support or do not have access to it. Agriculture
extension services like Krishi Vigyan Kendra are not accessible to many households in Vaishali district as compared to
Ahmednagar district. Penetration of agriculture and livestock insurance in the target area is much less in both Vaishali and
Ahmednagar district. National Agriculture Insurance Scheme (NAIS) that is active in this area have still not reached many
households in the target area which could be because of low demand or low penetration of the scheme and requires further
analysis. Interestingly, it was observed that more population in Ahmednagar district have agriculture and livestock as their
primary source of income and also rely on rain water for irrigation. It is contrary to the observation that average rainfall is much
less in Ahmednagar district and the soil fertility is also low as compared to Vaishali district. Exposure mapping also revealed an
interesting observation that Bidupur block has very high probability of flood as well as drought. High probability of drought is a
little surprising and needs to be further verified by the frequency of drought data from Disaster Management Department. But it
could also be because the total number of observed years for Bidupur is much less in comparison to Shrigonda, Karjat and
Hajipur as shown in Table 1. Local partner organizations in our target area seem to be having a very good presence in the target
area because of high percentage of SHG households. They need to be further strengthened for running our community based
insurance successfully.
Once our community based microinsurance gets implemented in the target area, we expect that the project would lower the
vulnerability of target community through increased protection by insurance, more people getting access to health care services
and increased social capital. Thus, post-intervention vulnerability mapping will help us in understanding the impact of RES-RISK
and how it has increased the resilience of communities which is the ultimate goal of project. In addition, this exercise would help
us in identifying the adaptation options that need to be introduced in the target area to enhance the resilience of community,
e.g. there needs to be increased efforts to ensure availability of safe water to the target communities.
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Annexure I: Details of villages mapped along with the sample size
Name of Village

Block

District

State

Total No. of HHs
(Census 2001)

Sample
Size

Saiyadpur Ganesh

Biddupur

Vaishali

Bihar

513

81

Amerghat

Biddupur

Vaishali

Bihar

513

23

Pakri

Biddupur

Vaishali

Bihar

534

128

Bidupur Bazar

Biddupur

Vaishali

Bihar

1,163

23

Kanchanpur

Biddupur

Vaishali

Bihar

961

167

Wajitpur

Biddupur

Vaishali

Bihar

775

95

Vishanpaldu

Biddupur

Vaishali

Bihar

35

22

Lakhni

Biddupur

Vaishali

Bihar

69

53

Govindpur

Biddupur

Vaishali

Bihar

308

46

Daudnagar

Biddupur

Vaishali

Bihar

1,398

49

Mathura

Biddupur

Vaishali

Bihar

1,149

79

Bulandsarai

Biddupur

Vaishali

Bihar

258

96

Panapur Kushyari

Biddupur

Vaishali

Bihar

99

57

Phulpura

Biddupur

Vaishali

Bihar

244

62

Karanpura

Hajipur

Vaishali

Bihar

320

112

Chakphul

Hajipur

Vaishali

Bihar

110

56

Purwa

Hajipur

Vaishali

Bihar

132

38

Nawda Chowk

Hajipur

Vaishali

Bihar

314

35

Bishanpur Baladhari

Hajipur

Vaishali

Bihar

550

84

Chaknoor

Hajipur

Vaishali

Bihar

134

22

Imaidpur Sultan

Hajipur

Vaishali

Bihar

129

39

Benipur

Vaishali

Vaishali

Bihar

128

94

Daudnagar

Vaishali

Vaishali

Bihar

786

33

Alhadadpur

Vaishali

Vaishali

Bihar

417

90

Shahjahanpur

Vaishali

Vaishali

Bihar

170

15

Chak Pitambar

Vaishali

Vaishali

Bihar

131

68

Bhagwanpur Ratti

Vaishali

Vaishali

Bihar

791

8

Simara

Vaishali

Vaishali

Bihar

189

36

Fuladh

Vaishali

Vaishali

Bihar

413

68

Chak Alahadad

Vaishali

Vaishali

Bihar

620

128

Chakramdas

Vaishali

Vaishali

Bihar

332

193

Suregaon

Shrigonda

Ahmednagar

Maharashtra

302

39

Gavhanewadi

Shrigonda

Ahmednagar

Maharashtra

140

39

Ghargaon

Shrigonda

Ahmednagar

Maharashtra

1093

110

Ukkadgaon

Shrigonda

Ahmednagar

Maharashtra

449

58

Kolgaon

Shrigonda

Ahmednagar

Maharashtra

1849

444

Rayagavhan

Shrigonda

Ahmednagar

Maharashtra

271

19

Rajapur

Shrigonda

Ahmednagar

Maharashtra

504

60
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Bhose

Karjat

Ahmednagar

Maharashtra

323

99

Chakhalewadi

Karjat

Ahmednagar

Maharashtra

177

89

Kopardi

Karjat

Ahmednagar

Maharashtra

365

42

Chande Bk.

Karjat

Ahmednagar

Maharashtra

260

159

Kombhali

Karjat

Ahmednagar

Maharashtra

494

155

Alsunde

Karjat

Ahmednagar

Maharashtra

633

117

Goykarwadi

Karjat

Ahmednagar

Maharashtra

78

60

Balwandi

Karjat

Ahmednagar

Maharashtra

160

33

Karjat

Karjat

Ahmednagar

Maharashtra

1965

273

Bhandewadi

Karjat

Ahmednagar

Maharashtra

568

89

Ruigavhan

Karjat

Ahmednagar

Maharashtra

206

108

Bitkewadi

Karjat

Ahmednagar

Maharashtra

246

68

Rehekuri

Karjat

Ahmednagar

Maharashtra

322

39
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