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Abstract. In developing countries, such as Pakistan, the food and financial security of smallholder
farmers are increasingly threatened by climate change, contributing to considerable increases in input
costs and market price volatility for agricultural commodities. This study aimed to identify and
investigate factors contributing to smallholder farmers’ vulnerability to climate changes and to develop
vulnerability indices in Punjab province, Pakistan. Three different composite indices were used to assess
the vulnerability of smallholder farmers to climate changes: Livelihood Vulnerability Index, Livelihood
Vulnerability Index-Intergovernmental Penal on Climate Change, and Livelihood Effect Index. The
weakness of social networks in Rawalpindi district is majorly important to enable the adoption of
appropriate mitigating strategies. For both districts, lack of education had the highest effect on social
vulnerability. Adoption of strategies towards mitigation of climate changes seems to be possible by the
respondents in Chakwal district, with higher illiteracy rate, higher dependency ratio, and greater financial
vulnerability. The natural and financial capital had the highest impact on the livelihoods of smallholder
farmers in both districts. Ultimately, this research can provide a scientific basis for the decision-making
process and risk analysis of climate change impacts in developing countries, where most of the
smallholder farmers, as a major social group worldwide, are located.

Keywords: environmental change, livelihood, livelihood vulnerability index, sustainable development,
Potohar

Introduction

Agriculture is one of the sectors most sensitive to climate change because any degree
of climate change can be associated with severe negative impacts on agricultural
production and related processes (Lin et al., 2007). Such impacts are predicted to be
particularly harsh in the tropical countries, lowlands, and areas affected by reduced
snowfall and melting glaciers. In the tropical countries, any increase in temperature can
contribute to a considerable decrease in crop yields due to already reached the threshold
of heat and drought tolerance by the crops (Burch et al., 2007). Lowlands can be
adversely affected by flooding and soil salinization due to predicted sea level rise and
groundwater salinization. The areas impacted by reduced snowfall and melting glaciers
can face severe droughts due to a decrease in water availability for meeting crop water
requirements (IFAD, 2013).
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For the last two decades, the vulnerability of agricultural production to climate
change effects increasingly became the focus of comprehensive research (Tan, 2004).
However, despite worldwide recognized the potential of climate change for negative
impacts on agriculture, research work on assessment and mitigation of these impacts
remains scarce in developing countries, particularly on smallholder farms (Morton,
2007; Ahmed and Schmitz, 2015). It is significantly important because smallholder
farmers have been identified as most vulnerable to climate change impacts, both in
developed and developing countries (Adger, 2006). Therefore, research on the
implications of climate change on agriculture and decrease in farmers' livelihood
vulnerability to these impacts in the most exposed regions, as mentioned above, is
highly required for developing effective adaptation measures and ensuring sustainable
agricultural development. Such research would also provide a scientific basis for the
decision-making process and risk analysis of climate change impacts in the investigated
locations (Tao et al., 2011).

Smallholder farmers are a distinct social group regarding numbers and food security.
They are estimated at 400-450 million of world population and 87% of Asian
population (Von Braun and Pandya-Lorch, 2007). They are also assessed as
representing the insecure food half of global population (Nagayets, 2005; Sanchez and
Swaminathan, 2005). The term ’Smallholder Agriculture’’, as used in under-developed
countries, commonly defines rural producers who generate income from the family
labor farming (Cornish, 1998) and hold less than 2 hectares (ha) of land (Csaki and de
Haan, 2003). The food security is increasingly threatened by climate change effects,
such as severe pest breakouts, extreme weather conditions, and water scarcity,
contributing to considerable increases in input costs and market price volatility for
agricultural commodities (O’Brien et al., 2004; Morton, 2007; Makondo et al., 2014) .
In this light, and considering agriculture as primary source of their income, smallholder
farmers are particularly vulnerable to climate change impacts. Such as the above
mentioned ones, mainly due to high risk of yield losses, with further negative impacts
not only on their food but also financial security and, ultimately, in their living
conditions (Rosch and Hertel, 2010; McDowell and Hess, 2012)

Pakistan is a developing country where agriculture contributes 20.9 % to GDP and
43.5% of the national labor force, but with generally little opportunity for income
generation and small market returns in the rural areas (Farooq and Wasti, 2015). The
climatic conditions are characterized by arid and hot climate, with the occurrence of
droughts and floods negatively impacting on agricultural production (Yu et al., 2013).
In this light, and considering the farmers’ low level of awareness of climate changes, it
can be deduced their high vulnerability to these changes and the need to assess this
vulnerability.

In this context, this work aimed to identify and investigate factors contributing to
smallholder farmers’ vulnerability to climate changes and to develop and adapt
vulnerability indices in two districts of arid region in Punjab province, Pakistan.

Methods
Study area

This study combines methods from different schools of climate change assessments
to assess livelihood vulnerability in two districts, Chakwal and Rawalpindi, of the arid
region in Pakistan. This region has been considered as having the considerable
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agricultural potential to reduce imports of agricultural commodities at the national level
(ljaz and Ahmad, 2006). Fragmentation characterizes the agricultural land, and the
region contributes around 10 percent of national aggregated agricultural production
(Ashraf et al., 2004). Chakwal district has an estimated population of 1.4 million within
an area of 6.524 Km? (Rafique, 2015). There are 151989 farms in this district, out of
which 65 percent are considered as smallholder farms and occupy 29 percent of the
cultivated area (Pakistan-Bureau-of-Statistics, 2010). The climate is arid, characterized
by hot and dry summers and cold and dry winters. The average annual rainfall is 880
mm. The average temperature is 8°C during winter, rising to 42°C during summer. The
landscape is diverse, with plains and hills (Sheikh, 2012a). Rawalpindi district has an
estimated population of 4.7 million within an area of 5.285 Km? (Rafique, 2015). There
are 182186 agricultural farms in the district, out of which 85 percent are smallholder
farms occupying 41 percent of the total cultivated area (Pakistan-Bureau-of-Statistics,
2010). The climate varies from district to district, as winter is remarkably cold, and
summer is mild in Murree Tehsil, whereas summer is tolerably hot, and winter is mild
in Gujar Khan and Rawalpindi tehsils. The average annual rainfall in the district is 1550
mm. The landscape is dominated by plains in Gujjar Khan and Rawalpindi tehsils
(Sheikh, 2012b). In both districts, the major known crops are wheat, groundnut,
rapeseed, and mustard, with additional vegetables such as onion, potato, tomato and
peas.

Data collection and analyses

Household survey, of 120 randomly selected smallholder farms with less than 2
hectares, was used for data collection. Three different composite indices were used to
assess the vulnerability of smallholder farmers to climate change: Livelihood
Vulnerability Index (LV1), Livelihood Vulnerability Index- Intergovernmental Penal on
Climate Change (LVI- IPCC), and Livelihood Effect Index (LEI). The methodology
used for calculating the indices was adapted from (Hahn et al., 2009) and (Khajuria and
Ravindranath, 2012), so as to include specific climatic and contextual conditions (Parry
et al., 2007). In this study the index LEI is constructed on Sustainable Livelihood
Framework to understand vulnerability regarding livelihood. The framework for
sustainable livelihoods has been presented in Fig. 1 which shows that processes and
structures, livelihood outcome and livelihood strategies of a community are influenced
by the vulnerability context and that is determining factor for sustainable livelihoods.
More precisely, in Pakistan, the financial security of smallholder farmers is seriously
threatened by the occurrence of droughts and floods negatively impacting on
agricultural production, with further negative impacts on market price volatility for
agriculture commodities, as well as by heavy reliance on agriculture as a single source
for income generation. Knowing that reduced financial resources and lack of alternative
sources for income generation have been identified as contributors to environmental
degradation (Tripathi and Vasan, 2014), two more components, Finance and Knowledge
and skills, have been taken into consideration, besides the original ones, for calculating
vulnerability more precisely.
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Figure 1. Framework for Sustainable livelihoods

Calculating Livelihood Vulnerability Index

Both internal and external factors relating to smallholder farmer’s vulnerability to
climate change were taken into consideration for calculating LVI. Balance weighted
approach was employed to calculate LV1.

The LVI includes nine essential elements: Socio-Demographic Profile (SDP),
Livelihood Strategies (LS), Finance (Fi), Knowledge and Skills (KS), Social Networks
(KS), Health (H), Water (W), Food (F), and Natural Vulnerability and Climate
Variability (NVCV). Each of these elements is comprised of several sub-components
identified in the literature reviewed and presented in Table 1. Because of different
measuring scale of each of the sub-components, it was first necessary to standardize
each of them as an index by using equation (1).

Sri - Smm
5

Index s; =
-5
TMEX min

(Eq.1)

Where Sy is the originally observed value of the sub-component for district d, and
Smin and Spax are the minimum and maximum values, respectively, for each sub-
component determined using data from both districts. After each sub-component, has
been standardized, the obtained values were averaged by using equation (2) to calculate
the value of the major component.

T .
i=1Index s i

M, = Eq.2
d n (Eq.2)

Where My represents one of the nine major components for district d, denotes the
sub-components, indexed by i, that make up each major component, and n is the number
of sub-components in each major component. The resulted values of each of the nine
principal components were averaged by using the following equation (3) to calculate
LV1 at the district level.

LVI, = Eg— (Eq.3)
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Where LVI4 denotes the Livelihood Vulnerability Index for District d, obtained by
the weighted average of the nine major components. The weights of each major
component, wy;, were determined by the number of sub-components of each major
component and are included to ensure that all sub-components contribute equally to the
overall LVI (Sullivan, 2002; Hahn et al., 2009; Gonzalez Botero et al., 2013). In this
study, the LV1 is scaled from O (least vulnerable) to 1 (most vulnerable).

Calculating Livelihood Vulnerability Index- Intergovernmental Penal on Climate
Change

Exposure, Adaptive capacity and Sensitivity are the three contributing factors to
livelihood vulnerability, according to IPCC definition of wvulnerability to climate
change. Organization and arrangements of the nine major components used to calculate
LVI-IPCC is presented in Table 2. The sub-components in Table 1, and equation (1),
(2), and (3) were used for the calculation of LVI-IPCC. The LVI-IPCC deviates from
the LVI when the major components are combined. The major components were
connected according to the categorization scheme in Table 2, rather than to merge into
the LVI in one step, by using the following equation (4).

i
Tz 1Way My,

LVI, = (Eq.4)

!
TicaWag

Where CF4 represents IPCC-defined contributing factor (exposure, adaptive capacity,
or sensitivity) for district d, Mg denotes major components of the district d indexed by i;
Wi indicates the weight of each major component, and n is the number of major
components in each contributing factor. The calculated contributing factors were
combined by using the following equation (5)

Where LVI-IPCCd indicates the vulnerability index for district d calculated by using
IPCC vulnerability framework, whereas ed, ad, and sd represent the scores of exposure,
adaptive capacity and sensitivity for district d respectively. The scale for LVI-IPCC
ranges from -1 (least vulnerable) to 1(most vulnerable).
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Table 1. Major and sub-components with the explanation and source for comprising LVI for two districts

Major Sub-components Explanation of Sub-components Source
Components
Socio Dependency ratio Ratio of the population under 15 and over 65 years of age to (Hahn et al., 2009, Gonzalez Botero et

Demographic
Profile

Female- headed household

Age of the household head
Households head not
attended school
Household family size
Number of years of
employment in agriculture

the population between 16 and 64 years of age.

If a male head is away from the home >6 months per year, the
female is counted as the head of the household.

Average age of the household head

Percentage of households where the head of the household
reports that they have attended 0 years of school.

Average family members in household

Average agriculture experience of the household head

al., 2013, DHS, 2006)

(Hahn et al., 2009, Gonzalez Botero et
al., 2013, DHS, 2006)

(Gonzalez Botero et al., 2013)

(Hahn et al., 2009, Gonzalez Botero et
al., 2013, DHS, 2006)

(Gonzalez Botero et al., 2013)
(Gonzalez Botero et al., 2013)

Livelihood Household family members | Percentage of households that report at least 1 family member | (Hahn et al., 2009, Gonzalez Botero et
Strategies working outside/ different who works outside of the community for their primary work al., 2013)

community activity

Household totally dependent | Percentage of households that report only agriculture as a (Gonzalez Botero et al., 2013)

on agriculture source of income.

Average agricultural The inverse of (the number of agricultural livelihood activities | (Hahn et al., 2009, Gonzalez Botero et

Livelihood diversification +1) reported by a household, e.g., A household that farms, al., 2013, DHS, 2006)

index raises animals, and collects natural resources will have a

Livelihood, Diversification Index = 1/(3 + 1) = 0.25.

Cultivated Land Average of the total land cultivated by the Household (Gonzalez Botero et al., 2013)
Knowledge Farmers not having T. V Percent of household not having T.V at home (Gonzalez Botero et al., 2013)
and Skills

Farmers don’t share
knowledge with each other
Farmers think they lack in
education

Percent of households don’t participate in knowledge exchange
with others
Percent of households that think they lack in education

(Gonzalez Botero et al., 2013)

(Gonzalez Botero et al., 2013)
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Finance Household having more Percent of household having more expenditures than income (Gonzalez Botero et al., 2013)
expense than income
Household family member Percent of household with any family member working (Gonzalez Botero et al., 2013)
work at developed place developed place not farming
Farmers taken loan Percent of Household who taken loan in past five years (Corbett, 1988, Tewari and
Bhowmick, 2014)
Food Farmers depend on land for | Percentage of households that get their food primarily from (Gonzalez Botero et al., 2013, Hahn et
food their personal farms al., 2009)
Average Crop Diversity The inverse of (the number of crops grown by a household +1) | (Hahn et al., 2009, Tewari and
Index Bhowmick, 2014, Gonzalez Botero et
al., 2013)
Farmers that don’t save crop | Percentage of households that do not save crops (Hahn et al., 2009; Tewari and
Bhowmick, 2014)
Farmers that don’t save seed | Percentage of households that do not save seed (Hahn et al., 2009; Tewari and
Bhowmick, 2014)
Household family member Percentage of households that report at least 1 family member | (Hahn et al., 2009, Tewari and
Health with chronic diseases with chronic illness Bhowmick, 2014, DHS, 2006)
Farmers receiving treatment | Percentage of households receiving treatment from (Tewari and Bhowmick, 2014, Bhat et
in hospitals government or private hospitals al., 2007)
Time needed to reach Average time it takes the households to get to the nearest (Hahn et al., 2009)
hospital health facility.
Water Farmers utilize natural water | Percentage of households that report a river, lake, or wells as (Hahn et al., 2009, DHS, 2006)
source their primary water source.
Farmers that store water Percentage of households that store water for household (Tewari and Bhowmick, 2014)
activities and drinking
Household with depleted Percent of households reported their water source depleted (Gonzalez Botero et al., 2013)
water source
Household without water Percentage of households that report that water is not available | World Bank (1997); (Hahn et al.,
supply at their primary water source everyday 2009, Gonzalez Botero et al., 2013,
Tewari and Bhowmick, 2014)
Social Household received help Help given and received in kind in the past few months (Hahn et al., 2009, DHS, 2006)
networks and given help
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Percentage of households who borrowed more money

than it lent in the past month

Percent of the households where none of the family member is
affiliated with any social institution or organization

World Bank (1998); (Hahn et al.,

2009)
(Gonzalez Botero et al., 2013)

Natural
Vulnerability
and Climate
Variability

Household reported less rain
during last few years
Household reported more
drought

Household reported unusual
rains

Household reported increase
in temperature

Household feel problems in
agriculture due to climate
change

Household don’t receive
warnings regarding severe
weather

Household change in crop
choices/ calendar due to
climate change

Percent of household reported less rain during past few years
Percent of household reported more drought in past few years
Percent of household reported unusual rains in past few years
Percent of household reported increase in temperature in past
few years

Percent of household feel problems in agriculture due to

climate change

Percent of Household don’t receive warnings regarding severe
weather

Percent of household that change their crop choice due to
climate change

(Gonzalez Botero et al., 2013)
(Gonzalez Botero et al., 2013)
(Gonzalez Botero et al., 2013)
(Gonzalez Botero et al., 2013)

(Gonzalez Botero et al., 2013)

(Gonzalez Botero et al., 2013, Hahn et
al., 2009, Tewari and Bhowmick,

2014)
(Gonzalez Botero et al., 2013)
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Table 2. Categorization of the major components for calculation of LVI-IPCC

Contributing Factors Major Components
Exposure Natural vulnerability and climate variability
. . Socio demographic profile, Livelihood strategies, Knowledge
Adaptive Capacity and skills, Finance, Social networks
Sensitivity Health, Food, Water

Calculating Livelihood Effect Index

The LEI was determined with the index values of five indicators, namely Human
Capital, Natural Capital, Social Capital, Financial Capital and Physical capital.
Categorization of the major components into these indicators is shown in Table 3. Each
value of the five indicators was calculated by using the following equation (6).

_ Ti=y Ly

Cv, = (Eq.6)

T

Where Cvyq is the value of each capital of LEI for district d, whereas Lq and n
represent the value of each effect dimension for capital i of district d and total sub-
dimensions forming a capital. After calculating the value of each capital, these values
were averaged to compute the LEI of the district by using the equation (7).

T s
LE], = 2= L7 (Eq.7)

Where W; and Cvyg; indicate the weight of each capital and value of each capital of
district d indexed by i. The LEI scale ranged from 0 (least affected) to 1 (most affected).

Table 3. Arrangements of major components into different indicators for calculation of LEI

Indicators Effect Dimensions
Human Capital Health, Food, Knowledge and Skills
Social Capital Socio demographic profile, Social networks
Natural Capital Water, Natural vulnerability and climate variability
Financial Capital Finances
Physical Capital Livelihood strategies
Results

Livelihood Vulnerability Index (LVI)

The average overall indexed values of socio-demographic profile vulnerability index
(SDPVI) indicated Chakwal as more vulnerable (0.424) compared to Rawalpindi district
(0.356). Among the 120 farmers interviewed in both districts, the average age of the
respondents was 51 years. The average percentage of females was 7 and 8, respectively.
The average number of years of employment in farming activities was 29 for both
districts.
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The average indexed value of the dependency ratio was higher (0.334) for Chakwal
compared to Rawalpindi district (0.259). There was a slight difference in the pre-
indexed value for female family heads in Chakwal (7%) and Rawalpindi district (8%).
The average pre-indexed value for household heads not attended school was higher in
Chakwal (70%), as compared to Rawalpindi district (48%). The average pre-indexed
value for household family size in both districts was slightly different, with 7.37 persons
in Chakwal and 8.07 persons in Rawalpindi district. The average pre-indexed value for
the number of years of employment in agriculture was higher in Chakwal (31 years)
compared with Rawalpindi District (25 years).

The average overall indexed value of Livelihood strategies vulnerability index
(LSVI) was slightly higher for Rawalpindi (0.487) compared with Chakwal district
(0.478), whereas a higher percent of farmers in Chakwal (0.71) were solely dependent
on agriculture for income generation compared with Rawalpindi district (0.68). The
average indexed value of family members employed outside the community was higher
for Rawalpindi (0.479) compared to Chakwal district (0.306). The average indexed
value for livelihood agricultural diversification index was lower for Rawalpindi (0.167)
compared to Chakwal district (0.370). Pre-indexed values showed differences in terms
of farmer’s family members who are working outside, or in a different community (31
percent in Chakwal and 48 percent in Rawalpindi), percentage of farmers entirely
dependent on agriculture (71 percent in Chakwal and 68 percent in Rawalpindi), along
with average livelihood diversification index (0.311 in Chakwal and 0.250 in
Rawalpindi). While slightly low differences were seen in terms of average cultivated
land (3.1 and 3.3 acres in Chakwal and Rawalpindi district, respectively).

The average indexed value for knowledge and skills vulnerability index (KSVI) was
slightly higher in Chakwal (0.293) compared with Rawalpindi district (0.246). The
average pre-indexed values of KSVI subcomponents indicated very low percentage of
farmers not having T.V. (six percent in Chakwal and two percent in Rawalpindi district,
respectively), as well as low percentage of farmers who don’t share knowledge with
each other (four percent in Chakwal and eleven percent in Rawalpindi district,
respectively). There was a considerable percentage of farmers who think they lack
education (78 percent in Chakwal and 61 percent in Rawalpindi district, respectively).

The average indexed value of FiVI was higher for Rawalpindi (0.593) compared with
Chakwal district (0.461). The average pre-indexed values of FiVI indicated a
considerable percentage of farmers having more expenses than their income (95.8
percent in Chakwal and 83 percent in Rawalpindi district, respectively) and a
comparably low percentage of household family members who worked at developed
place (23.6 percent in Chakwal and 56 in Rawalpindi district, respectively. The average
pre-indexed value for the percentage of farmers who took loans was considerably higher
in Rawalpindi (39 percent) compared with Chakwal district (19 percent).

The average indexed value of the Food Vulnerability Index (FVI) indicated a rather
low effect on the vulnerability in Chakwal (0.299) and Rawalpindi (0.349) district. The
average pre-indexed value for the percentage of household depending on land for food
was higher in Chakwal (71 percent) compared with Rawalpindi (56 percent) district.
Similarly, the average indexed value for the same FVI sub-component was higher in
Chakwal (0.71) compared with Rawalpindi (0.56) district. The percentage of farmers
who don’t save crop and seed was low in Chakwal (3.3 and 28.6 percent respectively)
as compared to Rawalpindi (8.9 and 58.1 percent respectively) district.
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The average overall indexed value for the health vulnerability index (HVI) value was
slightly a higher for Rawalpindi (0.406) compared with Chakwal (0.393) district. The
average pre-indexed values of HVI subcomponents indicated higher percentage of
household family members with chronic diseases in Chakwal (31 percent) compared
with Rawalpindi (21 percent) district, but a comparably lower percentage of farmers
receiving treatment in hospitals in Chakwal (37 percent) compared with Rawalpindi (49
percent) district. The average pre-indexed value for the recorded time needed to reach
the hospital was higher for Chakwal (150 minutes) compared with Rawalpindi (121
minutes) district.

The average overall indexed value for the water vulnerability index (WVI) was
slightly higher for Chakwal (0.453) compared with Rawalpindi (0.396) district. The
average pre-indexed values of WVI sub-components indicated considerably low
percentage of farmers who utilized natural water source (8 percent in Chakwal and 5
percent in Rawalpindi district, respectively); a moderate percentage of farmers who
stored water (29 percent in Chakwal, and 33 percent in Rawalpindi district); and
considerably high percentages of farmers who complained that their water source was
depleted (48 percent in Chakwal, and 69 percent in Rawalpindi district) and of farmers
living without water supply (96 percent in Chakwal, and 51.4 percent in Rawalpindi
district).

The average overall indexed value for the social networks vulnerability index (SNVI)
was slightly higher for Chakwal (0.519) compared with Rawalpindi (0.476) district. The
average pre-indexed values of SNVI sub-components also indicated slight differences in
the ratio of farmers not receiving and giving help (1.31 in Chakwal, and 1.35 in
Rawalpindi district, respectively), the ratio of farmers who borrowed and lent money
(1.5 in Chakwal, and 2 in Rawalpindi district, respectively). The average pre-indexed
value for the percentage of farmers not affiliated with any organization was higher in
Chakwal (82 percent) compared with Rawalpindi (69 percent) district.

The average overall indexed value for the natural wvulnerability and climate
variability vulnerability index (NVCVVI) was high for both Chakwal (0.777) and
Rawalpindi (0.813) district. The average pre-indexed values of NVCVVI sub-
components indicated considerably high percentages of farmers, reporting reduced
rainfall during the last year (61 and 81 percent), severe drought (79 and 88 percent), and
unusual rain (81 and 85 percent); as well as an increase in temperature (85 and 96
percent) in Chakwal and Rawalpindi district, respectively. Similarly, it was observed
that problems in agriculture due to climate change (82 and 93 percent), lack of warnings
regarding severe weather (88 and 51 percent), change in crop choices or crop calendar
(68 and 75 percent) in Chakwal and Rawalpindi district, respectively. However, these
values, except for warning regarding severe weather, were higher for Rawalpindi
compared with Chakwal.

The overall average indexed LVI value was higher for Rawalpindi (0.493) compared
with Chakwal (0.479) district. The average indexed values of the nine major
components of LVI (SDP, LS, KS, Fi, F, H, W, SN and NVCV) for both districts are
also illustrated in Fig. 2 which indicates KSVI as one of the major components with
moderate effect on vulnerability. Likewise, Fig. 2 also indicated FiVI as one of the
major components with considerable effect on the vulnerability in both districts.
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Figure 2. Major components of LVI for both districts

Livelihood vulnerability index- Intergovernmental Panel on Climate Change (LVI-
IPCC)

The overall average indexed values of LVI-IPCC were slightly different for Chakwal
(0.106) and Rawalpindi (0.089) district. The average indexed values of the three
contributing factors (Exposure, Adaptive Capacity, and Sensitivity) indicated slight
differences between the two districts in terms of exposure (0.777 and 0.813), adaptive
capacity (0.498 and 0.579) and sensitivity (0.381 and 0.382) in Chakwal and
Rawalpindi district, respectively. The average indexed values of the three contributing
factors, are also illustrated in Fig. 3, indicate that district Chakwal has the more
adaptive capacity by showing lower vulnerability index compared with Rawalpindi
district, whereas people of Rawalpindi are more exposed to climate change compared
with Chakwal district. Regarding sensitivity, both districts are shown to be equally
sensitive to climate change.
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Figure 3. Contributing factors of LVI-IPCC for both districts
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Livelihood Effect index (LEI)

The average overall indexed value of LEI was a little difference for Chakwal (0.454)
and Rawalpindi (0.474) district. The major components of LEI are described in Table 3
and the average pre-indexed, and indexed values of these components are presented in
Table 4. The arrangement of major components into different indicators used for the
calculation of LEI is described in Table 3. The average overall indexed value for the
human capital was slightly higher in Rawalpindi (0.341) compared with Chakwal
(0.326) district. The average overall indexed value for the social capital was slightly
higher for Chakwal (0.455) compared with Rawalpindi (0.396) district. The average
overall indexed values showed no, or very little, difference for the natural capital (0.659
and 0.685), the financial capital (0.398 and 0.593) and the physical capital (0.478 and
0.487) in both Chakwal and Rawalpindi districts, respectively.

The average overall indexed values for these indicators are also illustrated in Fig. 4
which showed both districts are more vulnerable to natural capital and less to human
capital. Physical capital contributed almost equally to the vulnerability in both districts.
People of Rawalpindi district were more vulnerable to financial capital while social
capital contributed to vulnerability more in Chakwal compared to Rawalpindi district.
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Figure 4. Vulnerability indicators of LEI for both districts
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Table 4. Sub-components, major components and overall LVI, LVI-IPCC, and LEI values for both districts in Pakistan

C Major Sub-components Units Pre- indexed values Indexed values
omponents
Chakwal | Rawalpindi | Chakwal | Rawalpindi
Dependency ratio Ratio 1.57 0.87 0.334 0.259
Female headed household Percent 7 8 0.070 0.080
Age of the household head 1/ year 0.02 0.02 0.468 0.398
Socio Demographic | Households head not attended school Percent 70 48 0.700 0.480
Profile Household family size Average 7.37 8.07 0.421 0.581
Number of years of employment in agriculture ;z\gerrsage 31 25.1 0.550 0.338
SDP Vulnerability index (V1) 0.424 0.356
H_ousehold famlly_members working outside/ Percent 30,61 4788 0.306 0.479
different community
Household totally dependent on agriculture Percent 71 68 0.710 0.680
Livelihood Strategies Avera_gg ag_rlcu_ltural Livelihood 1_/ #_ 0311 0.25 0.370 0.167
diversification index livelihoods
Cultivated Land Acres 3.1 3.3 0.525 0.622
LS Vulnerability index (VI) 0.478 0.487
Farmers not having T. V Percent 6 2 0.060 0.020
Knowledge and gfﬁgrlers don’t share knowledge with each Percent 4 11 0.040 0.110
Skills Farmers think they lack in education Percent 78 61 0.780 0.610
KS Vulnerability index (V1) 0.293 0.250
Household having more expense than income | Percent 95.8 83 0.958 0.830
' Household family member work at developed Percent 236 56 0.236 0560
Finance place
Farmers taken loan Percent 19 39 0.190 0.390
Fi Vulnerability index (V1) 0.461 0.593
Farmers depend on land for food Percent 71 56 0.710 0.560
Food Average Crop Diversity Index g Op‘;ypes of | 925 0.25 0.167 | 0.167
Farmers that don’t save crop Percent 3.3 8.9 0.033 0.089
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Farmers that don’t save seed | Percent | 28.6 | 58.1
F Vulnerability index (VI)
H_ousehold family member with chronic Percent 31 21
diseases

Health Farmers receiving treatment in hospitals Percent 37 49
Time needed to reach hospital Minutes 150 121
H Vulnerability index (V1)
Farmers utilize natural water source Percent 8 5
Farmers that store water Percent 29 33

Water Household with depleted water source Percent 48 69
Household without water supply Percent 96 51.4
W Vulnerability index (V1)
Household received help and given help Ratio 1.31 1.35

Social networks Household borrovx_/e_d or lent money o Ratio 15 2
Household not affiliated to any organization Percent 82 69
SN Vulnerability index (V1)
yHe(;lizehold reported less rain during last few Percent 61 81
Household reported more drought Percent 79 88
Household reported unusual rains Percent 81 85
Household reported increase in temperature Percent 85 96
Hpusehold feel problems in agriculture due to Percent 82 93
. climate change
Natural Vulnerability Household don’t receive warnings regarding
and Climate Variability Percent 88 51
severe weather
dHouseho_ld change in crop choices/ calendar Percent 68 75
ue to climate change

NVCV Vulnerability index (V1)
LVI
LVI-IPCC
LEI

0.286
0.299

0.310

0.370
0.500
0.393
0.080
0.290
0.480
0.960
0.453
0.437
0.300
0.820
0.519

0.610

0.790
0.810
0.850

0.820

0.880

0.680

0.777
0.479
0.106
0.454

0.581
0.349

0.210

0.490
0.517
0.406
0.050
0.330
0.690
0.514
0.396
0.338
0.400
0.690
0.476

0.810

0.880
0.850
0.960

0.930

0.510

0.750

0.813
0.493
0.123
0.474
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Discussion
Livelihood Vulnerability Index (LVI)

The results for SDPVI indicated Chakwal as more vulnerable compared with
Rawalpindi district. The higher average overall indexed value of SDPVI for Chakwal
district was mostly due to higher average pre-indexed values for the dependency ratio,
household head without education, and many years of employment in agriculture, as
well as to the indexed value of the household head. This reads as the farmers in
Chakwal district were mostly in the range of age not allowing off-farm employment and
self-sufficiency (Hahn et al., 2009; Gonzalez Botero et al., 2013; DHS, 2006), illiterate,
and could only be employed in agriculture, which is known as a sector associated with
low income in Pakistan. Among these sub-components, lack of education registered the
highest values for both districts and therefore had the highest effect on social
vulnerability. This is because the lack of education was found to be associated with less
income enhancing and diversification opportunity, generally low levels of income and
social exclusion (Van der Berg, 2002; Green, 2006; Gebru and Beyene, 2012). The
percentage of female farmers showed little differences in both districts, as females were
mostly recorded as household head when husbands or sons lived off-farm for more than
six months. The similarity of average pre-indexed values for the percentage of the
female household head was due to similar trends of males working outside the
community.

The results for LSVI indicated Chakwal and Rawalpindi districts as similarly
vulnerable. The close similarity of the average overall indexed values of LSVI for both
districts was partially due to similar average pre-indexed values for percentage of
farmers entirely dependent on agriculture and surface of the cultivated land for Chakwal
and Rawalpindi districts. The remaining part can be explained by lower average pre-
indexed value for family members working outside the community but higher average
pre-indexed value for agricultural livelihood diversification index in Chakwal compared
with Rawalpindi district, which balanced the average overall indexed values of LSVI
for both districts. The lower percentage of farmers, exclusively males, working outside
the community in Chakwal district was due to the age limitation of the respondents
(mostly 16 and 64 years) not allowing them to get employed in off-farm activities. The
higher average pre-indexed value for agricultural livelihood diversification index in
Chakwal district was mostly due to a higher number of years of employment in
agriculture providing the farmers with better skills needed for diversifying agricultural
production, on one hand, and the lower income generated from these activities
compared with income generated from off-farm activities. Therefore, the respondents
from Chakwal district, and to the lower extent from Rawalpindi district, grew crops but
also raised livestock and poultry and sold the production surplus on the nearby markets
to diversify their income.

The results for KSVI indicated Chakwal as more vulnerable compared with
Rawalpindi district. The higher average overall indexed value of KSVI in Chakwal
district was mostly due to higher average pre-indexed values for the percentage of
farmers who thought they lacked education and the percentage of farmers not having
TV. The higher percentage of farmers who thought they lacked education in Chakwal
district can be explained by the considerably higher percentage of household heads
without education compared with Rawalpindi district. Therefore, the respondents from
Chakwal district might have more narrow perspectives on livelihood issues and fewer
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opportunities for improving their living conditions by, for example, adopting new
agricultural techniques (Kalinda, 2014; Aasoglenang and Bonye, 2013). There is a need
to educate the farmers to cope with the climatic stressors and protect their livelihoods
from environmental hazards (Hsueh and Su, 2017).

The results for FiVI indicated Rawalpindi as less vulnerable compared with Chakwal
district. The higher average overall indexed value of FiVI for Rawalpindi district was
mostly due to the considerably higher pre-indexed values for the percentage of family
members working at developed places and the percentage of farmers who took a loan.
The higher values were due to a higher percentage of family members working outside
the community, and having higher income, but also a higher percentage of farmers
taking loans. The social mobility outside the community in Rawalpindi district may
have been an attempt to ensure the financial security for the time being and future (Snel
and Staring, 2001). One of the main reason for which financial component showed such
effect on vulnerability was a much higher percentage of farmers in Chakwal reporting
higher expenses than income and taking loans compared with Rawalpindi district.
However, the average pre-indexed values for the percentage of farmers taking loans
were rather low for both districts, due to the high-interest rates, terms and conditions for
receiving loans, and low availability of appropriate institutions in rural areas.

The higher average pre-indexed value for the percentage of households having more
expenses than income in Chakwal district was mostly due to the large percentage of the
respondents employed in low-income activities, compared with Rawalpindi district. The
results for FVI indicated Rawalpindi as more vulnerable compared with Chakwal
district. The higher average indexed value of FVI in Rawalpindi district was mostly due
to considerably higher average pre-indexed values for the percentage of farmers who
did not save crop products and seeds. These higher values can be explained by a higher
percentage of farmers employed in off-farm work in Rawalpindi district, on one hand,
and by a higher percentage of self-sufficient farmers employed in agriculture in
Chakwal district. Therefore, the lower average pre-indexed value for the percentage of
farmers totally dependent on land for food in Rawalpindi district. The similarity of
average pre-indexed value for average crop diversity index was due to similar crops in
both districts.

The results for HVI indicated Chakwal and Rawalpindi district similarly vulnerable.
The close similarity of average overall indexed values of HVI for both districts was
mostly due to average pre-indexed values for the percentage of household family
members with chronic diseases - higher in Chakwal and lower in Rawalpindi district;
the percentage of farmers receiving treatment in hospitals - lower in Chakwal and
higher in Rawalpindi district; and the time needed to reach the hospital - higher in
Chakwal and lower in Rawalpindi district, all contributing to balanced average overall
indexed values of HVI for both districts. The slightly lower values for Rawalpindi
district were likely due to increased availability of health facilities.

The results for WVI indicated Chakwal as more vulnerable compared with
Rawalpindi district. The higher average overall indexed value for WVI in Chakwal
district was mostly due to higher average pre-indexed values for percentage of
households without water supply, in particular, and, implicitly, the percentage of
farmers utilizing natural water sources (i.e. rainwater). The considerably lower
corresponding values for Rawalpindi district can be explained by additional income
from off-farm activities allowing for investments inadequate farm endowments.
Surprisingly, the pre-indexed average values were lower for the percentage of farmers

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 15(4):291-312.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1504_291312
© 2017, ALOKI Kft., Budapest, Hungary



Sattar et al.: Assessment of smallholder farmer’s vulnerability due to climate change in arid areas of Pakistan
-308 -

storing water and the percentage of households with a depleted water source in Chakwal
district. However, no conflict was reported and observed in Chakwal and Rawalpindi
districts due to heavy reliance on the rainfall, and, to some extent, the existence of wells
ensuring subsistence water supply in the area.

The results for SNVI indicated Chakwal as more vulnerable compared with
Rawalpindi district. The higher average overall indexed value of SNVI for Chakwal
district was mostly due to considerably higher average pre-indexed value for the
percentage of households not affiliated with any organization such as governmental or
non-governmental agricultural organizations. These types of organizations are known
for their contribution to social capital through knowledge and information transfer, as
well as technical support to farmers (Eakin and Bojorquez-Tapia, 2008). The low
average pre-indexed values for the ratio of farmers receiving and giving help and the
ratio of farmers lending money in both Chakwal and Rawalpindi districts indicated the
weakness of social networks. This weakness was found to contribute to increased
livelihood wvulnerability (Thomas et al., 2005). Therefore, the weakness of social
networks, as an aggregate component of LVI, LVI-IPCC, and LEI (Tables 1, 2 and 3),
is majorly important to reducing livelihood vulnerability and farmers’ vulnerability to
climate change mostly through enabling the adoption of appropriate mitigating
strategies (Hahn et al., 2009). However, the similarly high values for borrowing and
lending money components indicate rather stable social networks in both districts.

The results for NVCVVI indicated Rawalpindi as more vulnerable compared with
Chakwal district. The higher average overall indexed value of NVCVVI for Rawalpindi
district was due to considerably higher average pre-indexed values of all sub-
components, except the percentage of farmers not receiving warnings regarding severe
weather, compared with Chakwal district. However, all the average pre-indexed value
of NVCVVI sub-components were considerably high for both districts. Ahmad et al.
(2010) also reported increases in temperature and unusual trend in rainfall for the last
five to ten years in both districts. While in another study, Baniasadi et al. (2016)
realized that less ground water reserves, low vegetation cover, soil erosion and
increased flooding are some of the worst environmental externalities. Nevertheless,
these calculated values, based on farmers’ inaccurate estimates (Fowler, 2002), need to
be compared with values from a natural hazard database at the district level for more
accurate prediction of their impact on livelihood vulnerability (Hahn et al., 2009).

The results for the average indexed value of LVI indicated Rawalpindi as slightly
more vulnerable concerning livelihood compared with Chakwal district. This was
mostly due to higher average indexed values for NVCVVI, lower average indexed
values for SNVI and SDPVI. The major components of LVI indicate household
characteristics as contributing most to climate change vulnerability in both districts.
Among these characteristics, the gender of household head, family size, dependency
ratio, and illiteracy level registered values indicating Chakwal district as being socio-
demographically highly vulnerable compared with Rawalpindi.

Livelihood Vulnerability Index—Intergovernmental Panel for Climate Change (LVI-
IPCC)

The results for the average overall indexed value of LVI-IPCC indicated Chakwal
and Rawalpindi district as similarly vulnerable to climate changes. This was due to
similar average pre-indexed values for exposure and sensitivity. The higher average pre-
indexed value for the adaptive capacity in Rawalpindi district was likely due to reduced
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vulnerability in terms of socio-demographic profile, social networks, and financial
situation. Moreover, considerably higher average indexed values for exposure compared
with average indexed values for adaptive capacity in both districts indicated their high
vulnerability to climate change and their low capacity to adapt to climate changes
(Gonzalez Botero et al., 2013). Moreover, adoption of strategies towards mitigation of
climate changes seems to be less possible by the respondents in Chakwal district, with
higher illiteracy rate, higher dependency ratio, and higher financial vulnerability,
compared with respondents in Rawalpindi district. However, Booysen et al. (2004)
argued that if socio-demographic profile changes towards lower dependency ratio and
reduced percentage of single-headed households, the adoption of these strategies can
increase.

Livelihood Effect Index (LEI)

The results for the average overall indexed value of LEI indicated Chakwal and
Rawalpindi districts as similarly vulnerable to livelihood effects. This was mostly due to
closely similar average overall indexed values for natural, financial and physical capital.
The slightly higher average overall indexed values for human capital in Rawalpindi was
mostly due to lower vulnerability in terms of food compared with Chakwal district. The
slightly higher average overall indexed values for social capital in Chakwal was mostly
due to a higher vulnerability about the socio-demographic profile and social networks.

Natural and financial capital had the highest impact on the livelihoods of smallholder
farmers in both Chakwal and Rawalpindi districts. These two types of capitals have
been associated with increased livelihood vulnerability (Cobbinah et al., 2013).
Surprisingly, the human capital, comprised of health, food, and knowledge and skills
components, was associated with the lowest impact on the livelihoods of farmers in
both Chakwal and Rawalpindi districts. This could be due to LEI values were based on
qualitative estimations, indicating if a person is affected or not by individual factors,
without quantifying these effects (Urothody and Larsen, 2010).

Conclusions

Our study has highlighted the problematic state of smallholder farmers in Pakistan,
their high exposure to the climatic hazards and the earnest need to decrease both their
present and future vulnerability to these dangers. Small landholdings, less innovation,
low capitalization and various non-climatic stressors tend to build vulnerability however
the strength components, family labor, crop expansion and indigenous knowledge
cannot be depreciated. Expanding the profitability of smallholder farming systems is a
big challenge that will require a critical and specialized, budgetary and political support
at national and global levels. However, these indices will be helpful for planners to
assess livelihood vulnerability to climate change sways in the regions of Pakistan and to
create projects to reinforce the most vulnerable segments. Replication of this study in
the same areas and other locations over the reality of the situation will become obvious
eventually how the adaptive capacity, exposure and sensitivity of the districts change as
adaptation practices started.

This research work on assessment of smallholder farmers’ livelihood vulnerability to
climate changes can contribute to developing effective adaptation measures and
ensuring sustainable agricultural development. Such research can also provide a
scientific basis for the decision-making process and risk analysis of climate change
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impacts in developing countries, where the majority of smallholder farmers, as an
important social group worldwide, are located.
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