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Executive Summary

This working paper aims to contribute to understanding vulnerability and adaptive capacity to climate-
related risks in semi-arid areas for actors associated with the cotton value chain (CVC) in Pakistan, which is a 
continuation of Batool and Saeed (2017). These papers are part of the PRISE project ‘Harnessing opportunities 
for climate-resilient economic development in semi-arid lands: Adaptation options in the cotton value chain’, 
and follow the three-step Value Chain Analysis for Resilience in Drylands (VC-ARID) methodology, as outlined 
in Carabine and Simonet (2017). VC-ARID enables the identification of climate risks, adaptation options and 
opportunities for livelihood development of actors involved in the CVC in Pakistan. 

Given the increasing climate change impacts on cotton production in semi-arid regions in Pakistan, this study 
has been conducted to identify climate risks facing CVC actors in Pakistan (especially Punjab from where the 
average annual contribution to the total cotton production is 80% ), based on various climate indicators (like 
temperature, rainfall, and climate extremes etc.). Identification of climate risks helped identify comparative 
vulnerabilities depending on the different landholdings, geographic locations and gender, by using a mix of 
qualitative and quantitative methods. Moreover, the study also explored the current adaptation practices at 
the farm-level, drivers of adaptation decision-making, opportunities for public-private partnerships (PPPs) to 
support farm-level adaptation, and potential ways to increase the resilience of CVC in semi-arid regions of the 
country.1

Cotton production provides an entry point for climate change impacts, which then trickles down to the rest of 
the value chain (Batool and Saeed, 2017). At the cotton production stage, this research found that vulnerability 
to climate change decreases with the size of the landholdings. Geographic location of the farm also determines 
the level of vulnerability of farmers. The percentage of women in agriculture, and farmers using canal water 
for irrigation are also major factors determining sensitivity to climate change. Moreover, the study explored 
the extent to which wealth, education level, livelihood diversification, access to financial services and weather 
information lead to adoption of adaptation practices at the farm-level. 

As one moves up the value chain (towards the processing sector), the level of vulnerability declines as reliance 
on raw cotton imports increases, and climate impacts become more and more indirect (fewer impacts are 
transferred down the value chain as each actor takes adaptive measures). For example, processors import 
cotton to fill the supply gap, and hence, exports are less volatile. However, cotton ginners, who mostly rely on 
local cotton, are more vulnerable to changes in the domestic cotton production supply as a result of climate 
change as compared to large textile firms with in-house ginning facilities, and a large cotton import quota. 
Furthermore, there are differences in vulnerabilities at the horizontal level across the value chain: small and 
medium-sized enterprises (SMEs) are more vulnerable to climate change as compared to large firms. 

The study finds that building adaptive capacity would help reduce climate vulnerabilities, especially for cotton 
producers, as exposure and sensitivity is less variable across different groups, and vulnerability is primarily 
determined on the basis of adaptive capacity of a household, which has significant inter-group variations. 
To promote adaptation, it is important to develop a National Cotton Sector Policy which over the short-term 
focuses on:

a. improving water distribution systems, promoting  water-saving technologies, and water resource 
conservation, 

b. flood risk management,
c. developing crop insurance tools,
d. investing in climate-resilient infrastructures, and weather forecasting technologies,
e. effective land transfer legislation, 
f. developing a robust and climate information system that includes awareness-raising campaigns on 

adaptation planning; and downscaling climate change projections to field- level implications,
g. improving market information systems,
h. creating linkages between agriculture offices and agriculture research,
i. the differentiated climate impacts (on men and women labourers), and,
j. bridging knowledge gaps through specialized farmers’ associations at the village level.

1 The findings from the study sites in the province of Punjab will be helpful in promoting resilience across the CVC in Pakistan.

11



These interventions have more in-depth and long-term policy implications that should also be factored in. Three 
important implications are:

1. Development of an effective crop insurance market, in partnership with the private sector at the national  
level in order to provide financial stability to farmers (particularly for small and medium landholders) after a 
climate extreme events. 

2. Availability, effective management and utilisation of district-level climate vulnerabilities data for better 
management of climate change at the local-level. 

3. Exploration and promotion of new cultivable areas suitable for production in a changing climate.

Moreover, for strengthening value chain linkages, ginning firms, especially SMEs, should be linked with 
international markets, and PPPs should be promoted to build resilience at the community-level. 

12 Towards a climate resilient cotton value chain in Pakistan



Towards a climate resilient cotton value chain in Pakistan

Part I: Background and context - climate risks 
across scales

1.1. Introduction
Global discussions around the Sustainable Development Goals (SDGs) are increasingly focusing on 
mainstreaming climate change in National Adaptation Plans (NAPs). This comes from the understanding that 
the targets set under the Sustainable Development Goals (SDGs) would not be achieved without recognising 
and addressing the impacts of climate change on food systems, hunger, poverty, water and energy use, 
sustainable consumption and production, amongst others. The agriculture sector not only connects many 
of the SDGs, it is also one of the major sectors under threat due to climate change (IPCC, 2014b). Hence, 
understanding the economics of agricultural adaptation is crucial for policy-makers, especially in agro-based 
developing countries like Pakistan. 

Pakistan is also largely dependent on agriculture for food production, employment, livelihoods and provision 
of inputs to industries. Within agriculture, cotton is one of the major sectors providing economic support to 
the country. It contributes 5.2% to the agricultural value added, and has a share of 1% in the Gross Domestic 
Product [GDP] (GoP, 2017). Since cotton production declined significantly during 2015-16, primarily due 
to floods (a major impact of climate change), the policy focus has shifted to agriculture, especially to the 
cotton sector. This is also in recognition of the fact that climate change is projected to exacerbate risks in the 
future, which would have serious implications for the export economy of Pakistan (Batool and Saeed, 2017). 
Moreover, the textile industry - a major user of locally produced cotton - contributes to the employment of 
about 40.0% of the industrial labour force; employs ten million people; and makes up 55% of the country’s 
exports (GoP, 2017). Given the contribution of the sector, any adverse impact on cotton crops has implications 
for the business operation of textile manufacturers, and in turn, for the national economy. 

In an effort to provide evidence to policy-makers at the federal, provincial and district-level to support cotton 
farmers and other actors, the Sustainable Development Policy Institute (SDPI) initiated two in-depth studies 
on the implications of climate change for the CVC in Pakistan. This working paper is part of step-II and step-III 
of the Value Chain Analysis for Resilience in Drylands (VC-ARID) methodology (Carabine and Simonet, 2017). 
In the first step, a study mapped the CVC in Pakistan, including actors and processes at the horizontal and 
vertical level (Batool and Saeed, 2017). For steps-II and III - the focus of this paper, the aim is to identify the 
climate risks facing cotton farmers and textile manufacturers, and potential adaptation options that could help 
build the resilience of all these actors in the CVC in Pakistan. Thus, this paper is framed around the following 
broad research questions:

1. What current and future climate risks exist along the cotton value chain (CVC), especially at the cotton 
production stage? 

2. What are the factors that cause climate vulnerabilities? How does vulnerability differ, among various 
categories of stakeholders, at the horizontal (similar actors at a particular level) and vertical level (different 
actors at various levels) of the value chain?

3. How are CVC actors adapting to current climate threats? What are the constraints in adaptation decisions?
4. What are the potential policy options for promoting adaptation that could lead to climate-resilient CVC in 

Pakistan?

These questions help in understanding how resilience of CVC actors in semi-arid regions in Pakistan can 
be strengthened in the face of increasing climate risks. The findings of this research are expected to guide 
policy-makers about the level of exposure and sensitivity of agricultural households in three Union Councils 
(UCs) of Dera Ghazi Khan (DGK) and Faisalabad (FSD) to climate change, as well as their capacity to adapt to 
change. This information is useful for the implementation of appropriate policies and projects, hence, creating 
a path for successful climate change adaptation planning and climate-resilient economic development in 
Pakistan. It would also enable key stakeholders, particularly donor organisations and local non-government 
organisations (NGOs), to employ a systematic, evidence-based processes to customise their interventions to 
local circumstances in terms of climate-resilient livelihood and development programmes. 
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As a first step, the authors look at the available scientific studies on future climate risks facing Pakistan in 
particular, and South Asia in general. The major climate risks highlighted were considered for the survey carried 
out with cotton farmers and discussions with other CVC actors. Moreover, temperature and precipitation 
projection data was also analysed for Pakistan to review the overall trend of these indicators until 2100.

1.2. Climate change risks for South Asia and Pakistan
Identification of climate risks is a fundamental step in developing an adaptation and risk management 
framework both at the local, national and regional level (Cartwright, 2012). Businesses in a majority of 
developed countries today are more aware of possible climate threats, and are incorporating climate risks into 
their business management plans and strategies. Not only is the private sector acknowledging climate change, 
even governments are now mainstreaming climate risks into their National Development Plans (NDPs) because 
climate change presents huge implications for the economy (NDPA, 2006). 

Future climate projections, highlighting the likelihood of occurrence of a particular climate event (gradual or 
sudden), are getting more refined (incorporating a large number of climate models) to provide a more reliable 
picture of future climate risks. This, however, does not rule out the high degree of uncertainty associated with 
each projection. Despite this, there is a stronger evidence base about critical climate indicators which will 
undergo changes in the coming decades for various regions. 

According to the Intergovernmental Panel on Climate Change (IPCC) AR5 (2014b), South Asia has a high 
probability of increasing average and extreme temperatures. This finding is in line with other key studies 
which show a high likelihood of increase in at least one indicator (for example, mean annual temperature, 
seasonal average, extreme temperature etc.) of temperature  (see Table 1, where an upward arrow suggests 
an increasing trend, and downward arrow represents otherwise). While changes in rainfall patterns are quite 
unpredictable, a number of studies indicate a high probability of an increase in precipitation over the South 
Asian region, whereas other studies are uncertain about the direction of change in rainfall patterns (which 
means both increasing and decreasing precipitation trends are projected for different regions in South Asia). 
A limited number of studies present a high likelihood of an increase in floods, heat waves, glacial retreat and 
extreme weather events. 

The Global Climate Risk Index 2017 (Kreft et al., 2017) categorises Pakistan as the 7th most at risk country 
due to climate change. Since 1996, Pakistan has lost USD 3823 million due to extreme climate events (Ibid.). 
Another index developed by Maplecroft (2017) puts Pakistan in the extreme risk category based on climate 
vulnerabilities. According to this index, Pakistan is the 16th most affected country due to climate change. 
Moreover, the Notre Dame Global Adaptation Index (2017) ranks Pakistan at 132nd (out of 192 countries) due 
to its vulnerability to climate risks

Most studies project increase in one or more indicator of temperature. For example, there is a high likelihood of 
average temperature increases in the Northern areas (Islam et al., 2009). A study by Rio et al. (2013) also found 
an increasing temperature trends during the last few decades, especially in March and pre-monsoon period. 
While Sadiq and Qureshi (2010) found a warming trend (with varying levels of change); there are also trends 
showing increase in both maximum and minimum annual temperatures in various cities (Khattak and Ali, 2015). 
The increasing trend in temperature is projected to get stronger by the end of this century (Ali et al., 2017). 

Rainfall, another major climate indicator having serious implications for agriculture, water and energy, 
has a greater likelihood of increased variability, both in the positive (heavy rainfall) and negative directions 
(implying droughts), by the end of this century for Pakistan (Ali et al., 2017; Ikram et al., 2016). Past trends of 
precipitation also show an increasing trend for Northern, and a decreasing trend for Southern Pakistan (Salma 
et al., 2012). A closer look at the location-specific precipitation changes are highlighted by Hussain and Lee 
(2014). They found that there is a decrease in annual precipitation and annual number of precipitation days for 
the Murree Hills, the upper Indus plain, and the north western Balochistan Plateau. Contrary to this, the central 
plain, the north western mountains, and the southern region of the country are shifting to a higher annual 
precipitation rate. Table 1 provides an overview of key climate risks identified in various studies for the South 
Asia region in general, and Pakistan in particular.
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Table 1: Trends of various climate indicators for South Asia & Pakistan identified in the literature2

2 Climate indicators in parenthesis represent specific indicators that are highlighted in each study.
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Based on the above review of the literature on climate change, it is not clear whether climate projections are 
focused more on temperature and precipitation because of large-scale consequences of these indicators 
or the low level of certainty about occurrence of other climate extreme indicators, like droughts or floods. 
Moreover, the literature, apart from providing clues on possible future climatic changes, also highlights adverse 
implications for various sectors. Studies on South Asia’s climate risks unanimously point towards agriculture, 
water, energy, transport and health sectors as the ones most likely to bear the brunt of climate change. In the 
case of Pakistan, agriculture, water and health sectors are identified as vulnerable.  

Figure 1 shows both past trends and future projections of increasing near surface temperature and 
precipitation for Pakistan. These projections are based on the Global Climate Model (GCM) CMIP5 (IPCC AR5 
Atlas subset). A comparison of both RCP 8.5 (a very high global greenhouse gas emission scenario)3  and 
RCP 4.5 (a reduced global greenhouse gas emissions scenario) is provided to illustrate the impact of mitigation 
efforts. Temperature is projected to increase exponentially in Pakistan by the end of this century. On the other 
hand, there are strong variations in precipitation patterns on an annual basis, but an overall stable trend is 
depicted.

Figure 1: Surface temperature and precipitation trends and future projections

Source: KNMI Climate Change Atlas (2017).

3  This emission scenario assumes a high population growth rate, slow income growth and limited rate of technological change (Riahi et al., 2011).
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The present study has developed impact modelling for the cotton crop, as it serves as a direct entry point for 
climate impacts, to see how cotton yield might change over time under a changing climate. Figure 2 depicts 
future changes in the cotton yield over Pakistan relative to the base period 1981-2000, by taking the average 
of the whole for four different time slabs. The negative impacts of climate change on the cotton yield starts to 
appear right from the first time slab (2016-35) in the northern region of Punjab. However, it is important to note 
that there is a slight increase in the central to southern Punjab region (area in blue) which is mainly attributed to 
the effects of CO2 fertilisation, which tends to have a positive effect on crop yield (depending on crop type and 
other factors). However, a consistent decrease in the cotton yield is witnessed in other time slabs towards the 
end of the century. In the last time slab from 2076-95, an acute reduction of around 60-80% can be seen in 
most of the cotton producing areas of Punjab and Sindh, especially in Punjab, which accounts for 80% cotton 
production of the country.

Figure 2: Projected changes in cotton yield for Pakistan relative to 1981-2000

Source: Authors’ own.

Furthermore, changes representing the climate change impacts on cotton yield in Punjab and Sindh province 
were also simulated (see Figure 3) plotted by taking the spatial average of annual cotton yield over the 
two provinces. A moving average of ten years was applied where the dark lines represent median of the 
ensemble, whereas the shaded area represents the full range. Results are presented with changes in climate 
(temperature, precipitation and radiation) based on five different global climate models (GCMs) and crop yield 
impacts simulated by a global gridded crop model called EPIC. The presented results are sourced from a 
global climate impact assessment programme (Inter-sectoral Impact Modelling Intercomparison Project (ISI-
MIP), and represents a state-of-the art dataset of consistent model simulations, which reflects the key sources 
of uncertainty in climate impact assessment. For the presented results, the underlying assumption includes 
the use of Radiative Concentration Pathway (RCP) 8.5 scenario, the use of Shared Socio-Economic Pathway 
(SSP) 2 scenario, the representation of full irrigation, and the representation of CO2 fertilisation.

18 Towards a climate resilient cotton value chain in Pakistan



Towards a climate resilient cotton value chain in Pakistan

Figure 3: Future change in cotton yield in Punjab and Sindh (in percentage)

Source: Authors’ own.

Figure 3 projects a sharp decline in cotton yield by the end of this century. It is important to note that the 
negative threshold for Punjab starts after 2016; whereas, in the case of Sindh, it starts around 2048. This has 
important implications for adaptation - there is less time for adaptation for Punjab, and immediate adaptive 
measures are required to sustain livelihoods associated with its CVC. On the other hand, there is comparatively 
more time to design and implement adaptation strategies for Sindh. In both the provinces, the cotton yield is 
projected to decline by at least 60% by 2096, which will have trickle down effect on the value chain as well as 
the overall economy of Pakistan (Batool and Saeed, 2017). 

1.3. Methodology
As discussed earlier, this research work follows the VC-ARID methodology outlined in Carabine and Simonet 
(2017), and is a continuation of the background review done in Batool and Saeed (2017). VC-ARID is a 
three-step systematic approach (Figure 4) to map value chain; identify climate risks, adaptation options and 
opportunities for investment. 
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Figure 4: VC-ARID methodological framework

Source: Carabine and Simonet (2017).

Step-I, discussed in detail in Batool and Saeed (2017), focused on mapping horizontal and vertical linkages 
across the CVC in Pakistan (Appendix I). Moving forward, climate risks and their impacts on actors in the CVC 
have been explored in this paper. The broader aim is to identify climate risks facing the CVC, and look for 
potential solutions for promoting climate-resilient livelihoods and economic development. 

Both quantitative and qualitative tools were employed to assess climate risks. The CVC in Pakistan is spread 
beyond local, provincial and national borders, and has various types of actors involved in its operation, hence, 
it is challenging to approach each actor through similar tools. For this reason, an actor-based methodology 
was devised, in which an extensive household survey was carried out with 436 households  of cotton farmers 
in the semi-arid production areas of DGK and FSD; while other actors (including female labourers at the farm-
level) were approached through Key Informant Interviews (KIIs) and Focus Group Discussions (FGDs).

A large number of different actors from the value chain were approached in order to obtain first-hand 
experiences about climate risks and current adaptation practices. Snowball sampling was used to include a 
diverse range of actors from the CVC. A thorough analysis was carried out to assess varying vulnerabilities and 
adaptive capacities. An important aspect of the analysis is that it takes a human capital as well as a market 
approach to climate risks, i.e. the study identifies climate risks and their implications for both businesses as 
well as the associated human capital. 

In terms of limitations, this paper focuses on the CVC spread in the province of Punjab, hence, the results 
cannot be generalised for all semi-arid regions of Pakistan. The findings, however, will be helpful for other 
regions with similar socio-economic outlook. Moreover, due to data, time and resource limitation, the focus of 
this paper largely remains on the cotton production and manufacturing sector. Information on climate risks and 
adaptation practices have been briefly mentioned for other VC actors. 

1.3.1. Survey of cotton farmers
The following methodology was employed to carry out farm-level survey in the study sites:

Step 1: Selection of districts

FSD and DGK are the two major cotton producing districts: 42% of the cotton production in semi-arid areas in 
Punjab comes from here. A major reason for choosing FSD as a study site was because it is a major industrial 
production (textile) district in the Punjab province. 

VC-ARID is a three-step methodology that incudes:

Step 1:
Mapping the
value chain

Step 2:
Assessing climate risks
at each level of the
value chain

Step 2:
AIdentifying adaptatioon 
and private sector
investment options
for cimate-resilient
value chain
trasformation
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Step 2: Selection of Union Councils (UCs)

Three union councils (UC) were selected from DGK (Kala, Mor Jhangi and Mana Ahmadani) and one (UC 
91) from FSD, based on their cotton production average over the past ten years. This selection allowed 
comparisons between varying climate vulnerabilities across the different UCs. For example, UC 91 is not 
affected by floods, but is vulnerable to changing temperature and rainfall variability (Cheema et al., 2006). On 
the other hand, UC Kala is affected by hill torrent flooding, Mor Jhangi is severely, whereas Mana Ahmadani  
is moderately affected by floods. These UCs also have different production dynamics, for example, farmers 
in Mor Jhangi were affected by floods for three consecutive years after 2010. As a result, most of them have 
shifted from producing cotton to sugarcane, which is a water resistant crop. In this case, information was 
collected based on production before the 2010 floods.

Step 3: Selection of farmers

A sampling framework was developed in collaboration with the local administration. A full list of cotton farmers 
was developed (140-160 per UC), and then 110 randomly selected farmers were interviewed in each. In order 
to ensure that the survey captured different land tenure systems as well, the following categorisation was made 
for each UC: small farmers, medium farmers, large farmers (minimum number of sample was 25 for each 
category, which means a minimum of 75 landholders in each UC); tenants, sharecroppers, and contractors 
(minimum number of sample is also 25 for landless category) based on land ownership. Table 2 elaborates the 
sample size as per each category of farmers. DGK has a greater share of cotton production, hence, 75% of the 
sample was selected from there, whereas 25% of the sample is from FSD. 

Table 2: Sample size based on land tenure system

Source: author’s own

1.3.2. KIIs and FGDs with CVC actors
KIIs and FGDs (Table 3) were held with the representatives of input providing companies (fertilizers, pesticides 
and seed companies), ginning and spinning industries, secondary industries (using waste/leftover as inputs), 
processing industries, middlemen and traders. Discussions were focused on the knowledge about current and 
future climate risks, potential adaptation plans and ways to build resilience of all the actors in the value chain. 

Table 3: Sector-wise segregation of FGDs and KIIs conducted
Stakeholders No. of KIIs No. of FGDs

Fertilizer/ pesticides/seed company 5 -
Middlemen 4 2
Cotton farmers (male) - 8

Female farm workers - 8

Ginners 6 -

Processors (Spinners, weavers clothing, oil mills etc.) 12 -
Cotton-Textile sector experts 5 -
Secondary industries (waste processing etc.) 2 -

Union Councils Total
91 Kala Mana 

Ahmadani
MorJhangi

Landowners 77 78 79 75 309

Sharecroppers 10 7 8 9 34
Tenants and employed as wage labourers 11 20 15 10 56
Contractors 9 10 8 10 37
Total 107 115 110 104 436
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Stakeholders No. of KIIs No. of FGDs

Agriculture banks 3 - 
Total 37 18

Source: author’s own

1.3.3. Climate vulnerability and adaptive capacity assessment
Earlier, this study provided climate data assessment and literature review on key climate risks for Pakistan. In 
order to identify the level of vulnerability among different types of farmers based in DGK and FSD, a vulnerability 
assessment based on the framework defined in the IPCC’s Fifth Assessment Report (AR5) was conducted 
and is presented in Part II. A Vulnerability Index has also been developed (see methodology in Appendix V). 
Cross-analysis of wealth index (developed to categorise the cotton farmers into different wealth categories) 
with various vulnerability indicators and adaptation practices information was also carried out. Factors of 
vulnerability and adaptation were also highlighted. 

For the rest of the value chain actors, qualitative thematic analysis, based on vulnerability and adaptation 
themes was carried out and presented in Part III. Part IV and V conclude on the policy interventions required to 
promote adaptation at the farm-level as well as for strengthening the cotton value chain in general.

1.3.4. Study site characteristics 
According to USDA (2016), Pakistan is currently the fourth largest cotton producing country after India, China 
and the United States (US); the third largest cotton consuming; and the sixth largest cotton importing country 
in the world, with 0.7 million metric tonnes of cotton imports. After wheat and rice, it is the third most cultivated 
crop in Punjab by crop area, and is sown only on irrigated land. 42% of cotton producing districts are semi-arid 
in nature. Within semi-arid regions, DGK, located in the Punjab province, is the largest producer of cotton. FSD 
is another semi-arid region with a meagre contribution of 1.9% to the cotton production of Punjab, but is home 
to textile processing and other major cotton value chain actors. 

While these study sites are in the same semi-arid climatic zone, they face different climate risks. For example, 
some areas are exposed to floods, whereas, some are primarily affected by rainfall variability. The variations 
in geography-based exposure to climate risks allowed comparison of vulnerabilities and adaptive capacities 
between these sites. Some of the geographic and demographic features of the study sites are discussed in 
detail below:

1.3.4.1. Dera Ghazi Khan (DGK)
Brief profiles of the selected UCs of DGK as follows:

Kala is located between DGK canal and River Indus (Figure 5). It is affected by floods from rod khoi (hill 
torrents) as well as riverine flooding from the Indus River. The research team interviewed cotton farmers in 
two villages, namely Patti Makwal and Basti Raimen, with 60 and 400 households, respectively. The major 
occupation of the villagers included farming, daily wage labour and overseas employment. The major crops 
planted include cotton, sugarcane, rice and wheat. Patti Makwal has small farmers, whereas Basti Raimen 
has a large number of medium-sized farmers (having more than 12.5 acres of land per household). Agricultural 
production in this UC is particularly affected by floods, heavy rainfall and pest attacks. Although majority of 
the farmers produce cotton, there is no cotton farmers’ organisation at the UC level. There are around 6-7 
pesticide and fertilizer suppliers, located at a distance of 3 km from the village. Farmers believe that the 
number of providers is sufficient to cater to their demands. It was shared that the outreach by the government 
extension department needs to be enhanced. 

Mana Ahmadani is further away from the Indus River and is moderately affected by floods from hill torrents 
(Figure 5). Here a number of villages were surveyed: Basti Garbi, Bhabay Wala, Kotla Ahmedkhan, Basti Noor 
Wahi, Hala and Basti Foja, based on cotton production figures. The population in these villages ranges from 
500 (50 households) to 6,000 people (500 households). Major occupations included agricultural production, 
daily wage labour (farm workers and small factory workers) and overseas labour. Wheat, sugarcane, cotton 
and tobacco are the major crops of these villages. Major crop issues include rainfall variability, hailstorms and 
pest attacks. 
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Mor Jhangi is located on the western side of the River Indus (Figure 5) and is severely affected by floods. Basti 
Malana, being a large village and severely affected by the 2010 floods, was the only village covered under the 
survey. It has an average of 1,800 households and has 2,500 acres of agricultural land. It had a mix of small, 
medium and large-sized farmers, but large farmers dominate cotton production. The majority of agricultural 
land was destroyed during the 2010 floods. Increase in temperature, and resultant outbreak of pests, are other 
major issues facing crop production in this region. 

Figure 5: Map of UC Kala, Mana Ahmadani and Mor Jhangi

UC Kala

UC Mana Ahmadani

UC Mor Jhangi

Source: Google Maps.
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1.3.4.2. Faisalabad (FSD)
Cotton production has declined by 30% in Faisalabad since 1991. Cotton farmers have shifted to sugarcane 
production. One UC was surveyed in Faisalabad having a large number of cotton farmers. Farmers in UC 
91 still produce a comparatively larger yield of cotton. Village Danabad was selected as the study site from 
here which has had only one episode of flooding since 1981. This site was chosen to assess other climate 
indicators like temperature change and rainfall variability, which have significant impact on crop production and 
quality (Hatfield and Prueger 2015; Porter and Semenov 2005). 

1.3.5. Respondents’ characteristics
The research team interviewed a total of 436 cotton producers (including daily wage labourers). Given the 
patriarchal system in Pakistan i.e. landownership and household headship mostly belong to men, and 
women are not directly involved in farm management activities, only male cotton farmers (landowners) were 
interviewed. In order to cover the female perspectives and identify gender-based climate vulnerabilities, FGDs 
with cotton pickers and field workers were held. This section summarises the characteristics of male cotton 
farmers interviewed during the survey. 

1.3.5.1. Household size
There are no major differences in household size in terms of landholding. The average number of household 
members for a landless family was 10, whereas it was 12 for small, and 13 for medium and large landholders. 
In UC 91 (in FSD district), the average number of household members was 9; whereas, the average number 
of household members in UCs of DGK was between 11 and 14. Figure 6 provides more insights into the 
household size in the study sites. Most cotton farmers in FSD had small households (ranging from 5 to 
10 members). On the other hand, household size in Mor Jhangi almost had a normal distribution curve, 
highlighting the existence of medium-sized households and equal trends in small and large households. In 
other words, Mor Jhangi is the most diversified when it comes to household size. Kala and Mana Ahmadani, 
on the contrary, had more small-to-medium sized households with 5-20 individuals.

Figure 6: Household size as per UC

Source: author’s own
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1.3.5.2. Land tenure system and source of income
Pakistan has the following types of land tenure systems: 

a. landownership system, 
b. tenancy (daily wage labourers), 
c. sharecropping (when crop is shared between a landowner and care-taker of the land), and 
d. contract farming (when a payment system has been agreed by the landowner and care-taker) (Batool and 

Saeed, 2017). 

The tables in Appendix II also elaborate the number of farmers from each category in the sample. Tenants, 
sharecroppers and contractors are treated as landless as they don’t own the land they work on. In some 
cases, there are sharecroppers and contractors who own a small piece of land, which they use for subsistence 
farming. Since the land they own is small, they have been treated as landless for the ease of analysis. 

For most (96%) of the interviewed farmers, the main source of the household’s income was farming. More 
than half (57%) had a second source of income, mainly livestock (38%) and government jobs (13.2% - largely 
reported by large and medium landholders), and construction (10.1%). The major secondary sources of income 
for landless and small landholders included wage labour in construction and transportation. Moreover, 28% of 
the landless who reported having a second income source also reported having livestock. 

1.3.5.3. Respondents’ education
Level of education of the respondents varied between the sites (see Appendix II). Mor Jhangi and UC 91 had 
the largest number of college graduate cotton farmers. On the other hand, Kala had the lowest level of college 
and secondary education, and therefore, the highest number of uneducated farmers. On average, Kala had the 
highest number of uneducated cotton farmers covered in the survey.

The level of education was also substantially different between landless farmers and small to large landowners 
(See Appendix II). 57% of the landless farmers had no education. On the other hand, 33.3% of the large 
landholders had college/university degrees. Moreover, most of the small and medium landholders were primary 
and secondary school graduates. 

1.3.5.4. Land cultivation
Cotton cultivation varied between respondents, depending on the type of farmers. As discussed earlier, 
landowners were classified into three categories: 

a. small farmers (holding less than 12 acres of land), 
b. medium farmers (holding more than 12 acres but less than 25 acres), and, 
c. large farmers (holding more than 25 acres). 

For the landless category, there was a mix of labourers working on small, medium and large farms. It is also 
important to note that classification of farmers was done on the basis of total landownership, and not on cotton 
cultivation area as it was difficult to find farmers cultivating cotton on more than 25 acres of land. Moreover, it 
was found that for large landholdings (more than 35 acres), farmers were cultivating multiple crops (half cotton 
and half sugarcane etc.). 

Farmers in Mor Jhangi had given up on cotton production after the 2010 floods as their village is inundated 
every year during the monsoon season due to river overflow. However, data was collected based on the size 
of land they used to cultivate before the floods discussed in Box 2. Analysis suggests that fewer farmers are 
cultivating cotton as the size of the land increases. Farmers shared that the cotton crop is becoming vulnerable 
to climate threats and resultant pest attacks due to which they are opting for diversified production on large 
lands.  

Survey data also revealed that the involvement of family members in field activities also declines with 
the increase in the size of land (Appendix II). One of the reasons cited for this during the interviews was 
that educated household members, who have access to better employment opportunities, do not prefer 
agriculture. On the other hand, landless farmers (almost 78.3% of them), do involve family members in field 
activities. 
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Wheat is a major Rabi4 season crop, cultivated in January-February. All the respondents reported cultivating 
wheat in the Rabi season. After wheat, sugarcane is the most cultivated crop, followed by maize, tobacco and 
fodder. 25.2% of large landholders cultivate sugarcane and maize on some portion of their land (along with 
wheat). Small (5%) and medium (13.3%) farmers reported cultivating fodder for livestock and vegetables for 
household consumption on a small portion of their land. 

On the other hand, cotton is a major Kharif crop in all the sites under study. Sugarcane, a perennial crop (i.e. 
can be cultivated in both Rabi and Kharif seasons) was being cultivated by a large number of farmers (31%) 
besides cotton, followed by maize (18%) and rice (12.5%). Maize and sugarcane were also preferred as second 
crops by most of the small farmers. 14.3% and 12.2% small farmers reported cultivating sugarcane and maize, 
respectively, on some portions of their land during the Kharif season. 

1.3.5.5. Production and irrigation system
About 74.3% of the farmers reported that they use Hybrid BT cotton seeds for production (Appendix II). Desi 
cotton seed varieties (traditional) are mostly used by small and medium-sized cotton farmers. Hybrid seeds, on 
the other hand, are mostly used by large landholders. 

Tube-well and canal water were major sources of irrigation for cotton fields in the study sites. 45% of the 
farmers used only tube-well water for irrigation; whereas 50.5% of the farmers used both canal and tube-well 
water (Appendix II). Due to variability in canal water availability, only 4.5% of the farmers relied solely on canal 
water for irrigation. 

76% of the respondents had no drainage system on their fields (Appendix II). They mostly rely on natural 
means for water drainage, where in case of floods, water stays in the field for a long time. Only 23.9% of the 
farmers reported that they either have concrete or earth structures for drainage or use generator pumps to 
remove this excess water. 

Cotton production is dependent on natural resources and climatic conditions. Changes in these conditions 
will impact livelihoods of the farming communities. Farmers are differently exposed to climate change risks 
depending on their geographical location and access to resources, especially water. Access to ground and 
canal water, for example, varies between the farms. Within the study sites, just over half of the farmers had 
access to canal water, and more than 90.1% used ground water for irrigation. Only 1% of the farms were rain-
fed located in Kala.

25.2% of the respondents reported a decline in the use of canal water (sources include, for example, rivers, 
lakes, canals etc.) for irrigation over the past ten years (Appendix II). Major reasons cited for this decline 
included declining water table and variability in canal water availability (sometimes more, sometimes less). 
Whereas, 66.2% of the farmers (using canal water) said that there had been no change in the use of canal 
water irrigation patterns over the past ten years. 

Groundwater (extracted through tube-well) was increasingly being used to meet the water requirements of 
crops because of limited and unreliable canal water availability. This is leading to several environmental issues 
such as an increase in secondary salinisation of irrigated soils and a declining water table. 

32% of the respondents reported a change in tube-well irrigation patterns over the last ten years. UC-wise 
change in tube-well irrigation patterns indicate that 53% of the respondents in UC 91, 35% in Mana Ahmadani, 
15% in Kala, 4% in Mor Jhangi  reported that the use of tube-wells has been increasing (Appendix II) due 
to lack of availability of canal/surface water, more requirement of water for BT cottonseed and due to rising 
temperatures. 68% of the respondents, however, reported that there has been no change in the use of tube-
wells as compared to the past ten years. 

4 Cropping system in Pakistan is divided into two seasons, i.e. Rabi and Kharif. The Kharif cropping season is from July –October during the 

south-west monsoon; and the Rabi cropping season is from October-March (Winter).
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Part II: From the cotton farmers’ fields - 
vulnerability and adaptation to climate change

Vulnerability assessment is the key to building resilience through targeted interventions. When every region 
is faced with varying degrees and types of climate vulnerabilities, depending on its geographical, social, 
economic and cultural features, a one-size-fits-all solution cannot work (Hinkel, 2011). Hence, there is a 
need for vulnerability assessment that is specific to a location, sector and social group, and that can guide 
practitioners and policy-makers to devise and implement context-specific policy actions. Schneider et al. 
(2007) define the term vulnerability as: 

The degree to which geophysical, biological and socio-economic systems are 
susceptible to, and unable to cope with, adverse impacts of climate change. 

While this term was used to represent the physical strength of an individual/system to be able to cope with a 
climate risk, it is now increasingly used to describe social, economic, political and environmental characteristics 
of individuals and societies to cope with any climate catastrophe (Cardona et al., 2012). Vulnerability is often 
used as a negative term to demonstrate the weakness of a system to cope with a climate threat (Adger, 2006). 
Factors causing vulnerability include circumstances, knowledge and the level of capacity to cope with climate 
risks, and quality of infrastructure etc. (UNISDR, 2009).

IPCC AR5 (2014a) defines the term vulnerability as:

The predisposition to be adversely affected. Vulnerability encompasses a variety of 
elements including sensitivity or susceptibility to harm and lack of capacity to cope 
and adapt. 

This definition separates exposure from vulnerability and focuses on a risk-based conceptual framework 
(RESIN, 2015). While this research explores vulnerabilities at the farm-level, as opposed to risks, it has followed 
the vulnerability framework defined in IPCC AR4 i.e. 

Vulnerability = f (Exposure, Sensitivity, Adaptive Capacity)

This implies that vulnerability of an individual or household is directly proportional to exposure and sensitivity, 
whereas it is inversely proportional to adaptive capacity. This relationship has been endorsed by various experts 
including Weis et al. (2016); Adger (2006); and Metzger and Schröter (2006) etc. 

Adaptive capacity plays a positive role in decreasing vulnerability against climate threats through adjustments in 
current behaviours. Some major attributes of adaptation include education level, networks (that promote social 
learning and knowledge exchange), access to economic resources, livelihood diversification, social support 
institutions etc. (Weis et al., 2016). 

Exposure in particular, is related to the changes in climatic parameters (their intensity and frequency) and its 
potential impacts on resources. It answers the question of ‘what is exposed?’ and refers to the presence of 
people, livelihoods, species or ecosystems, environmental services and resources, infrastructure, or economic, 
social, or cultural assets in places that could be adversely affected (IPCC 2014b). On the other hand, sensitivity 
is more dependent on socio-economic factors (gender, decision-making power, mobility options, community 
structure etc.), that may or may not reduce the adverse impacts of climate change (Cardona et al., 2012). Table 
4 highlights the proxy variables that are commonly used to measure exposure, sensitivity and adaptive capacity 
of communities. 
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Table 4: Examples of vulnerability indicators used in the literature as proxies

Elements of 
vulnerability

Indicators used in the literature as a proxy

Exposure Number of extreme events over the past ten years (Mendoza et al., 2014); building 
or road area flooded (infrastructure exposure); number of livelihood facilities flooded 
(livelihood exposure); number of communities flooded (Weis et al., 2016; Moss et al., 
2001; Granger, 2003).

Sensitivity Access to critical infrastructure (roads, hospitals, airports etc.); dependent groups 
(number of elderly, women, children etc.); livelihood dependence ratio (Weis et al., 
2016; Shepard et al., 2012); % of population at risk; production area (Moss et al., 
2001); population density; % of ethnic minorities, women, children living; poverty rate; 
malnutrition rate; % of households involved in agricultural activities (Mendoza et al., 
2014).

Adaptive Capacity Education (% of college/university degree holders); networks; access to economic 
resources; livelihood diversification (Weis et al., 2016); average income per capita; 
farm earnings; use of technology; state of human development; ownership of assets 
(Mendoza et al., 2014).

Source: author’s own

Both top-down (climate modelling-based approaches) and bottom-up approaches (focus on what causes 
communities to be vulnerable) exist to study climate vulnerabilities (Hinkel et al., 2014; Dessai and Hulme, 
2004; van Aalst et al., 2008). Although a combination of both would be an ideal situation to identify 
vulnerabilities, due to the lack of site-specific climate data, a bottom-up approach was employed to identify 
climate vulnerabilities facing cotton farmers. One of the major advantages of using a bottom-up approach is 
that it helps in the identification of vulnerable groups and differences in vulnerabilities (even at small spatial 
scale) (Hinkel et al., 2014). The data collected during the survey provides perception-based information about 
climate events that have occurred in the last decade. In this context, this study looks at farm-level climate 
vulnerabilities. 

To make a significant distinction between exposure and sensitivity, only geographical features of a particular 
location were considered in order to explain the level of exposure; whereas socio-economic features of 
communities were used to define sensitivity. Sensitivity analysis focuses more on climate effects on production. 
For the vulnerability analysis, both idiosyncratic shocks (household-level shocks) and covariate shocks 
(community-level shocks) were analysed. 

Using this conceptual framework, an in-depth analysis of exposure and sensitivity has been conducted. The 
vulnerability assessment within the scope of this study shall help to answer the question of how future impacts 
can be reduced, and where investments can be targeted to promote resilience of cotton farmers. To achieve 
this, a set of indicator variables was used to identify vulnerable farmers with regards to their wealth and 
geographic location. 

2.1. Exposure 
Pakistan is severely exposed to climate risks as evident from climate events in the past and future threats 
identified in the literature. This section discusses the climate indicators used to derive the level of exposure and 
sensitivity of different landholders to climate change in the study sites. 

2.1.1. Frequency of climate events
As a measure of exposure to climate risks, perception-based data (due to lack of downscaled climate data 
for each district under consideration) on the occurrence of climate extreme events, was analysed in the study 
sites. Table 5 provides information about the frequency and intensity of various primary and secondary climate 
events experienced by cotton farmers in DGK and FSD. Generally, heat waves,5 monsoon variability, resultant 
pest attacks and price shocks were witnessed at a higher intensity relative to other climate-related shocks. 
51.4% and 56.4% of the respondents said that they experienced heat waves and monsoon variability, 

5  Heat wave refers to a prolonged period of excessive heat along with high humidity.
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respectively between one and three times over the past ten years. Similarly, 42% of the respondents witnessed 
pest attacks more than three times over the past ten years. 

The data also highlights that a large proportion of respondents have never experienced floods, droughts, 
erosion, waterlogging etc. which provides a rationale to develop policy interventions to safeguard these 
farmers, who are currently not under the threat of floods and droughts, as they could be faced with such 
challenges in the coming decades (Table 5). Moreover, there is a large percentage of cotton farmers who said 
that they have faced pest attacks, soil erosion, heat waves and floods more than once and up to ten times 
during the past ten years. 

Table 5: Number of times climate events experienced during the last ten years (%)

Climate indicators Never experienced Experienced 1 to 3 
times

Experienced 3 to 6 
times 

Experienced 6 to 
10 times

Primary/first order climate events

Droughts 53.2 26.8 15.8 4.1
Floods 41.7 27.3 18.3 12.6
Heat waves 15.1 51.4 30 3.4
Monsoon variability 22.5 56.4 20.2 0.9
Hailstorms 95.9 3.9 0.2 0

Secondary/second order climate events/impacts

Pest attacks 7.6 39.2 42.2 11
Soil Erosion 44.7 39.2 14.2 1.8
Waterlogging 89.4 6.9 3.4 0.2
Salinisation 93.8 4.4 1.1 0.7
Weeds 43.3 39.4 14.9 2.3
Price shocks 21.6 27.8 38.1 12.6

Source: author’s own
Geographic location is a major factor determining exposure to climate change. DGK is highly vulnerable to 
flood risk due to close proximity to the Indus River, but FSD is not exposed to any such threat. Even within 
DGK, proximity of communities to the Indus River defines the level of exposure to floods. Moreover, some 
communities reported being particularly vulnerable to hill-torrent flood risk, depending on their location. Within 
the sample size, 22% of the respondents were solely affected by riverine floods, while 26.2% were affected by 
hill torrents. 10.1% of the respondents reported being affected by both hill torrents and riverine floods.  At the 
UC-level,  Mor Jhangi was affected by riverine floods, whereas Kala and Mana Ahmadani by hill torrents. 

Based on the data, this study found that overall floods, droughts, monsoon variability and heat waves (as 
primary indicators leading to other issues) are the major issues faced by cotton farmers. Analysis of location-
based climate risks highlights that UC Kala and Mor Jhangi are more exposed to floods as compared to UC 91 
and Mana Ahmadani (Table 6). These UCs have issues like heat waves and rainfall variability. 
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Table 6: Mean and standard deviation of reported climate events in different UCs during the last ten 

years

UC 91 Kala Mana 
Ahmadani

Mor Jhangi

Floods
Mean 0 4 1 5
Std.deviation 0.0 2.4 1.1 2.8

Droughts
Mean 3 1 2 0
Std.deviation 3.2 1.8 1.9 0.9

Heat waves
Mean 3 3 3 2
Std.deviation 1.8 1.9 2.0 2.1

Monsoon 
variability

Mean 2 2 2 2
Std.deviation 1.6 1.7 2.0 1.5

Source: author’s own

2.2. Sensitivity 
Some of the factors determining the climate sensitivity of cotton farmers are discussed below:

2.2.1. Number of male and female labourers involved in agricultural activities
A large number of females are involved in agriculture in DGK and FSD. Women bring girls with them for cotton 
picking, and this serves as a networking platform for them at the village-level. The number of female labourers 
employed (by a respondent) for farm activities is almost double than male labourers in case of UC 91 and Mana 
Ahmadani (Figure 7). UC 91, Mana Ahmadani and Kala have the highest number of female labourers working 
in cotton fields, as compared to Mor Jhangi. On the other hand, the number of male labourers is the highest in 
Kala and Mana Ahmadani.  

Figure 7: Number of seasonal female wage labourers as per UC

Source: author’s own
Based on the data, it can be concluded that UC Kala ad Mana Ahmadani provide livelihood opportunities to a 
large number of male and female labourers during the cotton-picking season as compared to other UCs.
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2.2.2. Percentage of farmers affected by climate events 
Figure 8 highlights the percentage of cotton farmers affected by various climate events in the surveyed UCs 
during the last ten years. In the case of Kala, 95.7% of the respondents said that they have been affected by 
pest attacks and floods, followed by heat waves, price shocks and monsoon variability. Similar climate risks 
were faced by UC Mana Ahmadani. UC Mor Jhangi was primarily affected by floods (99.1%), price shocks and 
monsoon variability. While no episodes of floods were recorded for UC 91 in Faisalabad, it was affected by pest 
attacks (99%) and heat waves (80.8%). Heat waves cause pest attacks in Pakistan (Zulfiqar et al., 2010; Ton, 
2011; Baig and Amjad, 2014).

Figure 8: Percentage of farmers reported to be affected by different climate change indicators during 

the last ten years

Source: author’s own
If the data is segregated on the basis of UCs and climate indicators, the study finds that there is a large 
proportion of cotton farmers who think they are sensitive to climate risk based on their previous experiences 
of climate extreme events. For example, in Table 7, farmers who witnessed a climate event at least once in the 
last ten years have been clustered under ‘sensitive to climate change.’ Another category of farmers has also 
been developed who have experienced various climate events more than thrice during the last ten years, and 
labelled them as ‘severely sensitive.’ Based on these, the percentage of farmers sensitive to climate change 
have been categorised. Results are presented in the form of a Sensitivity Matrix where green represents the 
sample exposure of less than 30%, yellow represents more than 30% but less than 50%, and red represents 
more than 50% of the affected sample.

According to these measures, in UC 91, 44.9% and 35.5% of the farmers are categorised as ‘severely 
sensitive’ to risk of droughts and heat waves, respectively. Conversely, farmers in UC Kala appear to be 
‘severely sensitive’ to floods (53%), heat waves (33.9%) and monsoon variability (20%). 95% of the cotton 
farmers informed that they are sensitive to flood hazards; and 88.7% of the farmers are sensitive to heat 
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waves. In Mana Ahmadani, severe sensitivity to heat waves (36.4% of the farmers) and drought (21.9% of the 
farmers) can be found. A large proportion of farmers in Mor Jhangi (99%) reported that they are sensitive to 
flood risk, while out of these, 69.2% are severely sensitive to the same. Heat waves and monsoon variability are 
also one of the severe risks farmers face in Mor Jhangi.

Table 7: Level of sensitivity to climate change as per UC6 (%)

Climate 
Event Level of exposure

UCs
91 Kala Mana 

Ahmadani
Mor 

Jhangi

Droughts Sensitivity to drought risk 66.4 40.0` 65.5 15.4
Severely sensitive to drought risk 44.9 14.9 14.9 1.0%

Floods Sensitivity to flood risk N/A 95.7 37.3 99.0
Severely sensitive to flood risk N/A 53.0 1.8 69.2

Heat waves Sensitivity to heat wave risk 81.3 88.7 94.5 74.0
Severely sensitive to heat wave risk 35.5 33.9 36.4 27.9

Monsoon 
variability

Sensitivity to monsoon variability risk 70.1 76.5 80.0 83.7
Severely sensitive to monsoon variability risk 17.8 20.0 23.6 23.1

Source: author’s own

2.2.3. Percentage of population dependent on canal water for irrigation
This section highlights the water usage for the sample size: 45% of the farmers utilise only tube-well water for 
irrigation; whereas 50% utilise both canal and tube-well water. Due to variability in canal water availability, only 
around 5% rely solely on canal water for irrigation. Segregation of data as per UC shows that Mana Ahmadani 
and UC 91 have the highest number of farmers who also use canal water for irrigation as well as tube-welsl 
(Figure 9). 

Figure 9: Percentage of farmers using canal water for irrigation (%)

Source: author’s own

6 This table is based on the perception data. Farmers were asked about the number of years they were affected by a particular climate indicator 

during the last ten years. 
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Box 1: Sensitivity to climate change: a case study of hydrological extremes in the
            semi-arid region of DGK

DGK in particular is extremely vulnerable to hydrological extremes (too little [droughts] and too 
much water situations [floods]). The 2010 floods were a major disaster that affected 198,975 
people in 28 UCs, and damaged around 17,131 houses (OCHA, 2011). Not only this, various 
episodes of floods with varying intensity were witnessed in 2011, 2012, 2013 and 2014. 
Similarly, major drought situations were witnessed during 2002 and 2015 in some UCs, which 
affected a large proportion of livestock and population. 

Floods
Heavy rainfall, particularly in the monsoon season, triggers hill torrents which affect the 
communities located at the lower end of the hillside. Not only this, inundation of the Indus River 
causes extreme losses to communities, infrastructure and livestock. The 2010 flooding was the 
most severe flood occurrence in the last decade. However, communities affected directly by hill 
torrents reported that they are affected by this every year during the monsoon season. The figure 
below further elaborates the impacts of floods in terms of crop losses. The floods were equally 
damaging regardless of the location of the UC, and resulted in total loss of production for over 
half of the affectees. Mor Jhangi, in particular, was extremely affected, where 99% of the farmers 
reported total loss. Moreover, Kala and Mor Jhangi have experienced more floods (4 to 5 events, 
on average, during the last ten years) (table below).  Although Mana Ahmadani experienced a 
few episodes of floods, farmers reported that they were quite severe and caused major losses.

Source: author’s own

In terms of respondents who reported total loss in cotton production due to floods, the study 
found that in case of Kala and Mana Ahmadani, small farmers were the most affected as 
compared to large farmers (Figure below). Only a minor percentage of large farmers reported 
total loss as compared to small landholders. On the other hand, this trend is not clear in case of 
Mor Jhangi, owing to the severity of the floods which equally impacted small, medium and large 
farmers.

Source: author’s own

Flood events in the last 10 years

 UCs N Max Mean Std. 
Deviation

Kala 115 10 4.05 2.358

Mana Ahmadani 110 4 4 1.1

Mor Jhangi 104 10 5.44 2.82
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2.3. Adaptive capacity
A multitude of studies conclude that adaptive capacity plays a major role in reducing vulnerabilities and building 
resilience to climate impacts. As indicated earlier, access to education and resources (both physical and 
financial), livelihood diversification and social networks that promote knowledge exchange are some of the key 
attributes of adaptation (Weis et al., 2016; and Mendoza et al., 2014). Using these as indicators, the research 
team has developed a measure of adaptive capacity to compare differential adaptive capacities among 
sampled farmers and UCs.  

2.3.1. Education
In terms of education, UC Mor Jhangi and 91 have the highest number of college graduate cotton farmers 
(around 30-40%). However, UC 91 also has a highest percentage (38%) of uneducated cotton farmers, 
followed by UC Kala (48%). 

Figure 10: Level of education of the respondents

Source: author’s own

Box 1: Sensitivity to climate change: a case study of hydrological extremes in the
            semi-arid region of DGK
Droughts
There are some variations in losses between study sites in this case. All farmers in Mor Jhangi 
reported partial crop losses as a result of various episodes of drought. In terms of total loss, 
29.6% of the farmers in UC 91 faced a total loss of cotton production. 7% of the farmers in 
Mana Ahmadani reported serious quality issues. Average number of drought events in the study 
sites ranges from 1 to 3 during the last ten years. However, a large number of farmers in UC91  
reported up to 6 drought events during the same period.

Source: author’s own

Drought events in the last 10 years

 UCs N Max Mean Std. 
Deviation

91 107 10 3.30 3.196

Kala 115 8 1.24 1.775

Mana Ahmadani 110 10 2.09 1.942

Mor Jhangi 104 4 0.37 0.925
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There exists a statistically significant correlation (p value 0.001) between the size of the landholding and 
the level of education in the household. Almost 23% of the landless farmers’ families had no education, as 
compared to 12% small, 5.5% medium and 2.9% large landholders (see Table 8). Landowners, especially 
large ones, had higher access to primary and higher education. The level of education in the household also 
increased with the increase in land holding (based on correlation). 66% of the large landholders had family 
members with college/university education; whereas, only 37% medium landholders; and 20% of the small 
landholders’ families had access to higher education.

Table 8: Highest level of education at household level as per landholding (%)

Cross tabulation:  Highest level of education in the household and categories of farmers based on 
acres of land they own 

Level of 
education

Categories of farmers based on acres of land they own Total
Landless Small 

landholders
Medium 

landholders
Large 

landholders

No education 23 (23) 15 (12) 6 (5.5) 3 (2.9) 47
Informal 
education

3 (3) 3 (2.4) 1(1) 1 (1) 8

Primary 27 (27) 30 (24) 13 (11.8) 6 (6) 76
Secondary 34(34) 51 (41) 49 (44.5) 25 (24) 159
College/
University

13(13) 25 (20) 41 (37) 67 (66) 146

Total 100 (100) 124 (100) 110 (100) 102 (100) 436

Source: author’s own

2.3.2. Livelihood diversification
Livelihood diversification is identified as a promising adaptation strategy, especially in sectors highly vulnerable 
to climate change. Diversified livelihoods ensure secondary support both during times of climate extremes and 
other gradual climate change impacts at the farm-level (Kariuki et al., 2011). Over the long-term, it also helps 
in improving resilience of the households (Newsham and Thomas, 2009). Within the sample, agriculture is the 
primary source of income for 96% of the households. However, 57.3% have a major second source of income 
as well. 21.8% of the households rely on livestock for livelihood after agriculture. Other major secondary 
sources of income include government job (7.6%), construction (6.2%) and shop keeping (4.1%). At the 
UC level, UC Kala has the smallest number of farmers dependent on only one source of income i.e. farming 
(Figure 11). On the other hand, UC Mana Ahmadani and Mor Jhangi have the highest number of farmers with 
diversified income sources. 

Figure 11: Percentage of farmers dependent on more than one source of income

Source: author’s own
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Similarly, small and large landholders are more inclined towards income diversification, according to the sample 
(Figure 12). There is, however, no clear trend in case of landless farmers. Moreover, there is a comparatively 
higher proportion of medium farmers (25.5%) who do not have a second source of income other than 
agriculture. 

Figure 12: Percentage of landholders and landless farmers having more than one source of income

Source: author’s own

2.3.3. Wealth status 
Climate change is a threat to every individual, regardless of geographical setup, gender, ethnicity or economic 
status (IPCC, 2014b). In this context, wealth indices are increasingly used in climate studies (Fussel, 2009; 
Kuntashula, 2015) in order to determine inequalities in climate impacts and factors of vulnerabilities for more 
targeted interventions. Well-resourced farmers are generally found to be less vulnerable to climate risks (Leary, 
2008). 

Wealth index is defined as a measure to determine a household’s living standard, based on assets. While 
income-based indices are difficult to calculate due to issues of data collection and misreporting, wealth indices 
are comparatively reliable, easily computable and have low measurement error when comparing identical 
socio-economic systems (Rutstein and Johnson, 2004; Vyas and Kumaranayake, 2006). Wealth is calculated 
based on the ownership of household assets and is comprised of economic variables. Some experts argue 
that wealth status not only represents the assets but also the socio-economic standing of a household as a 
proxy for long-term material well-being (Howe et al., 2008).

The present research derives a Wealth Index for the study to assess if wealth is correlated with the level of 
vulnerability or can support adaptation decisions at the farm-level. The methodology has been explained in 
Appendix III. The Index divides the respondents into five categories i.e. very rich, rich, middle, poor and very 
poor. Landless farmers are categorised into very poor and poor categories. Small and medium farmers are 
represented in poor, middle and rich category; whereas, large landholders are mostly in the very rich category 
(see Appendix III).

In comparing wealth differences across UCs, the study found that UC Kala and Mana Ahmadani have the 
largest percentage of very poor and poor cotton farmers (Figure 13). However, Kala also has the highest 
number of rich cotton farmers, followed by UC Mor Jhangi.  In terms of sensitivity, interventions should be 
targeted at more vulnerable farmers groups i.e. very poor and poor. 
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Figure 13: Percentage of farmers as per wealth categories/UCs

Source: author’s own

2.3.4. Access to financial services and post-disaster compensation
Out of a sample of 436 farmers, only 34.4% had a bank account. 39.7% said that they had access to crop 
loans and insurance. However, 18% reported that they did not prefer to take loans despite having access 
to financial services. Major reasons cited for not taking loans was high interest rates on borrowing and low 
capacity to return loans with interest. A small proportion (1%) of the respondents also reported religious 
reasons. General discussion with cotton farmers revealed that there is no major trend of crop insurance in 
the study sites. This is partly because of the low level of awareness of farmers (in terms of how insurance can 
help them lessen losses), and lack of private companies offering insurance (currently ZTBL is the only crop 
insurance provider). 

A comparative analysis of access to financial services across landholders and landless reveals that landless 
farmers, mostly daily-wage labourers and contractors did not have access to loans (landholding is a basic 
requirement for becoming eligible for acquiring loan). As a result, landless farmers are more vulnerable to 
climate change as any loss in per acre yield results in unemployment. Their on-farm work duration (in terms 
of number of days) also declines after every extreme event as production lowers, and hence, so does their 
income. 

It was also found that the level of monetary compensation after a flood event increased with the number 
of such events. For example, a greater number of farmers received compensation after the 2010 floods 
in Mor Jhangi (90%) and Kala (52.2%) as compared to farmers in Mana Ahmadani (13.2%). Many farmers 
reported receiving food support from different I/NGOs. 86.9% of the respondents who received any type of 
compensation reported receiving Watan Cards. These cards were launched to provide cash support to flood 
affected households in 2010. A cash support of PKR 20,000 (approx. 200usd) was given to cover basic 
consumption, house repair and loan repayment. Farmers also reported that despite wide coverage and political 
emphasis, the compensation provided was insufficient to sustain livelihoods on a long-term basis.  

2.3.5. Access to weather information
A significant relationship (correlation is significant at the 0.05 level; p-value 0.013) was also found between 
level of education of the farmer and the level of awareness about climate change. It was also noted that the 
strength of association between the two variables (by using Phi and Cramer’s v tests - methodology used 
for ranking classification) is strong - level of awareness increases with the rise in the level of education of 
the respondents, and vice versa. The higher level of awareness of farmers in DGK can be explained by the 
greater level of exposure to climate change relative to FSD. The latter is experiencing a slow on-set increase in 
temperature and rainfall variability, as compared to sudden and drastic climate change in DGK. Farmers, when 
asked separately about various climate indicators, acknowledged the changes in climate in the form of rise 
in temperature, excessive rainfall, more regular occurrence of floods, change in monsoon patterns and out of 
season rainfall. There was, however, no knowledge about the indirect effects that come with the direct effects 
i.e. increase in pest attacks due to higher temperature, rapid change in seasons etc. 
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Change in weather patterns is an impact of climate change that was experienced by 80% of the farmers within 
this survey. When looking at the change in weather (temperature and rainfall) patterns, access to weather 
forecasting services is found to be essential for adapting crop production, such as dates of soil preparation, 
sowing and harvesting, and application of fertilizers and pesticides.  Knowledge about immediate weather 
forecasts is crucial during certain steps in cotton production, for example, high germination rates of seeds can 
only be achieved if temperatures stay above and below a certain level post-sowing. With regards to weather 
information, 81.7% of the respondents reported that they received weekly or monthly updates on weather; 
whereas, 18.6% said that they do not get any such information. There is a statistically significant relationship 
(correlation is significant at the 0.05 level; p value 0.021) between land size and receipt of weather information 
(Table 9): the number of farmers who received monthly/weekly updates increased depending on the size of 
their land. For example, 79% of small farmers said they received weather updates in comparison with 85.5% 
and 92.2% of medium and large farmers. 

Table 9: Weather updates based on the categories of farmers (%)

% within categories of farmers based on acres of land 
they own

Total (%)

Landless Small land-
holders

Medium 
landholders

Large land-
holders

Do you receive 
weekly or monthly 
weather updates?

Yes 70 79 85.5 92.1 81.4

No 30 21 14.5 7.9 18.6
Total 100 100 100 100 100

Source: author’s own

The sources of weather updates provide important evidence about the information dissemination system 
in place (Table 10). An important point to note is that 57.2% of the respondents reported that they received 
weather information from neighbours and friends; while 40% reported obtaining it from the television (TV). 
That these options are the top two sources of weather information in the survey sample highlights the level of 
informality in weather information systems in the study areas. There is no formal institutional arrangement for 
sharing daily or monthly weather updates with farmers. 

While responding to the question of lack of government systems for information sharing, representatives of 
the District Agriculture Departments mentioned that they are now taking steps to bridge this information gap 
with farmers. Several projects have been launched where daily weather updates are shared with farmers 
through their cell phone. Current outreach of these programmes is limited, but may be enhanced in the coming 
years. Other major sources of information included agricultural input markets (pesticides, fertilizers and seed 
providers), middlemen and newspapers.

Table 10: Sources of weather updates per UC

Cross tabulation of sources of weather updates and UC
Union Council Total7 

UC 91 Kala Mana 
Ahmadani

Mor Jhangi

Neighbours and 
friends

61 64 59 65 249

TV 61 22 37 54 174
Agricultural input 
markets

1 16 18 17 52

Middlemen 1 12 7 17 37
Newspapers 1 10 15 10 36

7  Sum of total does not add to the total number of respondents as multiple options exists for sources of information
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Cross tabulation of sources of weather updates and UC
Union Council Total7 

UC 91 Kala Mana 
Ahmadani

Mor Jhangi

Landowners 3 15 10 8 36
Radio - 12 12 7 31
Private 
extension 
agents

7 7 6 7 27

Internet 5 5 6 5 21
Govt extension 
agents

9 5 4 1 19

Self-judgement - 3 3 1 7

Source: author’s own

Based on statistical analysis, it can be concluded that the level of education of the farmer and size of the 
landholding are highly correlated to the level of awareness about climate change. This may be because large 
landholdings imply higher losses as a result of climate change, which motivates large farmers to stay abreast 
of any future change in weather. Similarly, educated farmers are more likely to translate and utilise the climate 
information received from friends, TV, extension agents etc. as compared to an uneducated farmer.

2.3.6. Early warning
Early warning systems are a major issue when it comes to disaster management in Pakistan. Some of the 
challenges include obsolete infrastructure (radars etc.), lack of finances, inadequate dissemination systems, 
low awareness at the community level etc. (Ahmad, 2015). With respect to UC-wise differences in access to 
weather and flood warning information, we find that a comparatively large proportion of cotton farmers in UC 
Mana Ahmadani and Kala had no access to weather updates and did not receive flood warning in 2010 (Table 
11). Limited access to this information makes these farmers more vulnerable to any climate shock. 

Table 11: Access to early warning and weather updates (%)

 Access to information UC 91 Kala Mana 
Ahmadani

Mor Jhangi Total

Do not receive weather updates 18.70 22.60 21.80 9.60 72.7
Did not receive flood warning 0 32.2 39.10 16.30 87.6

Source: author’s own

In the sample, 12.4% of the farmers from flood-affected areas reported that they had received warning prior to 
the 2010 flood; whereas 87.6% of the farmers did not receive any warning. Among those who reported to have 
been warned, 83.6% said that the warning included information about the severity of the flood. While UC Kala 
and Mor Jhangi had severe episodes of flooding in 2010, 32.2% of the respondents from Kala, and 16.3% 
from Mor Jhangi reported that they did not receive a warning before the flood. 

Figure 14 highlights the reported sources of 2010 flood warning information. 30.2% of the farmers reported 
that they had received the information through announcements in mosques two to three days prior to flooding. 
Almost 26.3% of the farmers received the warning through their friends, relatives and community members. TV 
is another major source (17.2%) for disseminating flood warning information. 
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Figure 14: Sources of flood warning

Source: author’s own

2.4. Vulnerability Index: Results and discussion
The mathematical form of vulnerability (Adger 2006; Deressa et al., 2008) at the household level can be 
expressed as follows:

Vulnerability = f(Exposure, Sensitivity, Adaptive Capacity)

Exposure and sensitivity of a household is directly proportional to vulnerability (i.e. vulnerability ↑ as exposure 
and sensitivity ↑), whereas adaptive capacity is indirectly proportional to vulnerability (i.e. vulnerability ↓ as 
adaptive capacity ↑).  The proxy variables used to calculate the Vulnerability Index have been discussed 
in detail in previous sections. The functional relationship of these variables with elements of vulnerability is 
defended in Appendix IV. Appendix V explains the steps used to derive the Vulnerability Index. 

One of the objectives of this paper is to see how climate vulnerabilities differ across various groups of farmers 
and UCs. This section analyses if there are any differences in sensitivity and exposure to climate change among 
different groups of landholders (small, medium and large) as well as farmers across different UCs. Factors 
explaining certain levels of exposure, sensitivity and adaptive capacity are also explored. 

2.4.1. Comparative vulnerabilities across different landholdings
Figure 15 summarises the overall results of the Vulnerability Index. The value of each component ranges 
between 0 to 1, where 1 means most vulnerable, and 0 means least vulnerable. The figure shows that landless 
farmers are most vulnerable to climate change, followed by the categories of small landholders, medium 
landholders and large landholders. The vulnerability of landholders is related to the level of adaptive capacity 
as provided by access to financial services, strong networks which allows them to gain knowledge about new 
and adaptive agricultural practices etc. Larger landholders are more likely to have access to these sources 
of adaptive capacity, whereas, small landholders and landless farmers are less likely to have large social 
networks, access to credit, or other assets such as livestock.

Based on the components of vulnerability, this research found that that there is less variation in exposure 
and sensitivity to climate change between landholders and landless. On the other hand, large differences in 
adaptation were found among both these groups which suggests that adaptation capacity shapes vulnerability 
to climate change in the case of landholders and landless cotton farmers in semi-arid regions of Pakistan. 
While exposure and sensitivity to climate change are partly determined by external factors like household 
dependency ratio and number of climate events experienced at the farm-level. This leads to the conclusion 
that adaptation decision-making can be promoted through targeted policy interventions that build institutional 
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capacities, and promote knowledge creation and sharing. 

2.4.2. Comparative vulnerabilities across UCs
The study found that farmers from UC Kala are the most vulnerable to climate change, followed by Mana 
Ahmadani, 91 and Mor Jhangi. A higher level of vulnerability implies high exposure and sensitivity to climate 
change coupled with low levels of adaptive capacity to cope with climate change. 

UC Kala is highly exposed to flood risks and has a relatively low percentage of farmers with livelihood 
diversification (45%), has larger households (having up to 20 members), and the highest number of non-
educated cotton farmers. Similarly, Mana Ahmadani is also highly vulnerable to severe climate change, 
including monsoon variability, droughts and heat waves that lead to pest attacks. A major percentage of the 
farmers (82.7%) are dependent on canal water for irrigation which makes it highly sensitive to climate change. 
UC 91 has almost the same characteristics as Mana Ahmadani, and is particularly vulnerable to heat stress. 
But, since the level of exposure and sensitivity is not as high, this UC has a relatively lower vulnerability score.

On the other hand, farmers in Mor Jhangi, who were the most affected in terms of floods (as shown by 
exposure) is found to be least vulnerable as compared to other UCs. This is due primarily to the relatively high 
adaptive capacity of the farmers in this UC as it has the highest number of college graduate farmers. It also has 
the highest rate of livelihood diversification primarily because of the high risk of floods every year due to which 
people do not rely solely on agricultural incomes.

Figure 15: Results of the Vulnerability Index

Source: author’s own
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2.5. Adaptation practices: insights from the field
Adaptation practices vary among regions and sectors and are determined on the basis of financial and 
individual capacities and are often carried out in the light of indigenous/traditional knowledge and current 
learning (Adger et al., 2007). Not all adaptation practices are sustainable, replicable and scalable, which brings 
to light an important distinction between private adaptation and adaptation planning. Many a times farm-level 
adaptation is sudden, reactive and dependent on more than one risk factor (apart from climate change) which 
makes some of the adaptation practices unsustainable. IPCC (2014b), hence, recognise that policy-making 
bodies at different tiers have a pertinent role to play in promoting planned adaptation to ensure effective 
outcomes. While this paper highlights the need for adaptation planning in Part IV, this section explores the 
adaptation practices at the farm-level regardless of the type, usefulness and sustainability. 

The adaptation practices observed in DGK and FSD were mostly reactive in nature i.e., temporary coping 
strategies taken post-climate shock. Limited access to climate information and education restricts anticipatory 
capacities of the farmers, and hence, they resort to unplanned sudden responses to climate catastrophes, 
which may lead to maladaptation in the long run (as evident from the case study mentioned in Box 2). 
However, some anticipatory adaptation was evident in the case of sowing and harvesting of crops, as farmers 
reported sowing crops later in the season once they felt the risk of flooding was reduced. A major reason 
explaining the reactive management of risk could be lack of understanding of climate risk and limited financial 
capacity. Moreover, the research team used the 2010 floods, an extreme shock event, as a proxy in order to 
analyse adaptation decision-making. 

2.5.1. Adaptation decision-making at the farm level
Table 12 highlights some of the potential drivers behind farm-level adaptation decisions. There exists a highly 
significant statistical relationship8 of awareness about climate issues with the decision to adapt. Weekly 
weather updates also play an important role in determining the decision to adapt in response to a climate 
change event.

Table 12: Potential factors of adaptation (correlation analysis)

 Possible factors of adaptation decision at the farm-level p- value

Level of education 0.414
Wealth  (assets) 0.18
Size of landholding 0.22
Awareness about climate change issues 0.000***
Weekly weather updates 0.005**

Source: author’s own
The FGDs with cotton farmers revealed that the cost of adaptation is a major factor that discourages farmers 
from adaptation. Apart from this, limited access to machinery (for example, water extraction pumps that could 
be used to remove excess water from fields after floods), and lack of knowledge about what needs to be done 
also limit the farmers capacity to adapt. 

Wealth is insignificant (Correlation is insignificant with a p-value of 0.18) in relation to private adaptation, which 
highlights the notion that while it is necessary, it is not a sufficient condition for taking adaptation decisions. In 
other words, not all who possess wealth take adaptation decisions. This highlights that the understanding the 
severity of climate risks is crucial in determining whether to adapt or not. This, in turn, indicates the significant 
relationship between awareness about climate change and adaptation. Through the FGDs, it was also found 
that climate information is mostly shared through peer groups/social networks, and hence, a farmer is more 
likely to adapt/cope if his fellow farmer is also adapting/coping. 

2.5.2. Current adaptation practices 
Observed farm-level adaptation practices can be grouped into two categories i.e. crop diversification and soil 
and water management practices. At a more site-specific scale, farmers in DGK had varying preferences when 

8 A dummy variable was created that represents whether any adaptation measure was taken on the farm as a result of climate change. Correlation 

with different variables was checked using Person’s R and Spearman Correlation tests. Total sample size was 436.
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it comes to reactive adaptation to floods. Almost 40.1% of the farmers resorted to changes in Kharif crop after 
the 2010 flood (Figure 16). 27.1%, 25.2% and 21.3% of the farmers opted for changes in pesticides, seed 
varieties and sowing dates, respectively. The effectiveness and sustainability of these adaptation practices 
is questionable as flood management at the farm-level calls for proper drainage systems in high flood risk 
areas. Changes in the Kharif crop altogether (shifting to other crops) may be maladaptive in the long-run as 
fields suitable for cotton production could be converted into sugarcane and rice fields, which would alter the 
ecosystem dynamics of the semi-arid regions. 

Figure 16: Types of adaptation practices after 2010 floods (indicators represent change)

Source: author’s own
Table 13 provides details about the adaptation practices adopted after the 2010 floods in DGK. Major 
adaptation practices with respect to changes in Kharif crop included shift to sugarcane and rice or a cessation 
of cotton production for several years. Some farmers (4.3%) also preferred to plant cash crops (vegetables, 
fodder etc.) instead of cotton. Changes related to shift in sowing and harvest date was quite common due 
to the low financial cost of doing so. Some farmers (12%) have now started to use BT cotton as a long-term 
adaptation strategy.

Table 13: Specific adaptation measures taken after 2010 floods

Field-level adaptation practices after 2010 flood9 Percentage of 
farmers in DGK

Change in Kharif crop

Cultivated sugarcane instead 13.4
Cultivated rice instead 9.4
Stopped cultivating cotton for sometime 14.0
Cultivated vegetables 2.4

Changes in Rabi crop

Stopped cultivating wheat for sometime 1.5
Late sowing 1.2
Cultivated watermelon 2.1
Cultivated tobacco .9

Changes in catch  crop Started cultivating catch crop 4.3

Changes in sowing dates
Early sowing 7.9
Late sowing 12.8

9 A crop grown in the space between two main crops or at a time when no main crops are being cultivated.
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Field-level adaptation practices after 2010 flood9 Percentage of 
farmers in DGK

Changes in harvest date
Early harvest 4.0
Late harvest 8.2

Changes in seed varieties

Now use Bt 11.9
Started using hybrid 4.0
Using Hybrid Bt .9
Changed seed type 8.5

Changes in fertilizers

More use of fertilizer 7.0
Use of better quality fertilizer 7.6
Use of natural fertilizer .6
Less application of fertilizer .3

Changes in pesticides
Increased use of pesticides 16.4
Use of better quality pesticides 10.3

Changes in canal water
More use of canal water .6
Less use of canal water and more use of 
tube-well

1.2

changes in ground water More use of tube-well due to canal 
water shortage

2.1

Changes in drainage Now use generator to pump water out 
of fields

.6

Changes in tillage

Use of Rotavator 3.3
Late ploughed 4.6
Increased no. of ploughs 4.6
Different method of ploughing 4.6

Source: author’s own

Table 14 highlights the relationship between wealth and adaptation. Chi-square test was applied to see 
whether wealth and adaptation practices have a significant association or not.  Pearson Correlation Test 
revealed the strength and direction of linear association. The study found that wealth status and adaptation 
practices including change in the Kharif crop, seed varieties, fertilizers, pesticides and canal water irrigation 
have a statistically significant relationship but weak association. 

Table 14: Statistical relationship between wealth and adaptation practices

Adaptation practices after 2010 
floods

Correlation
Pearson chi square (p-value)

Association
Pearson’s  R (p-value)

Change in Kharif crop 10.175 (0.038)* 0.005 (0.92)
Change in Rabi crop 6.276 (0.179) 0.30 (0.529)
Change in catch crop 2.840 (0.585) -0.18 (0.71)
Change in sowing dates 7.208 (0.125) -0.088 (0.066)
Change in harvesting dates 7.608 (0.107) 0.020 (0.681)
Change in seed varieties 13.512 (0.009)** -.074 (0.121)
Change in fertilizers 10.669 (0.031)* -.061 (0.206)
Change in pesticides 10.686 (0.030)* -.124 (0.010)*
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Adaptation practices after 2010 
floods

Correlation
Pearson chi square (p-value)

Association
Pearson’s  R (p-value)

Change in canal water irrigation 10.652 (0.031)* -0.12 (0.805)
Change in ground water irrigation 3.156 (0.532) .020 (0.675)
Changes in drainage system 2.997 (0.558) .024 (0.621)
Change in tillage practices 2.783 (0.595) -.057 (0.232)

Source: author’s own
This weak relationship between adaptation practices and wealth explains how possession of farm machinery 
(tractor, tube-well etc.) and other assets like TV, computer and land does not determine the motivation of a 
farmer to make an adaptation decision. In other words, wealth (asset-based) does not appear to help build 
adaptive capacity in the study sites. On practical grounds, access to extension services, level of understanding 
of risk (especially long-term risk), access to financial resources (as opposed to assets), access to adaptation 
technology and social networks (which enables information sharing) do determine the decision to adapt. 

Farmers mostly resorted to reactive adaptation after the 2010 floods. While these floods were one of the 
most severe climate events faced by farmers, elements of anticipatory adaptation could be seen after 2010. 
For example, farmers from DGK reported major shifts in the Kharif crop after 2010. 35% of the farmers (who 
reported changes in the Kharif crop) reported that they stopped cultivating cotton for several years keeping in 
view the possible occurrence of floods in the coming years. 35.8% and 23.1% chose to cultivate sugarcane 
and rice respectively, as these crops are more resilient to floods. 

Similar to the finding for early warning systems, information sharing in terms of new farming practices and 
technology was shared through informal mechanisms (Figure 17). Neighbours and friends were the major 
source of sharing information regarding new agricultural practices. The role of government extension agents 
was quite minimal as only 11.1% of the respondents said that they received information through them. 

Figure 17: Sources of information regarding adaptation

Source: author’s own

2.5.3. Long-term livelihood adaptation strategies
The challenge of sustainable water management is a major issue facing semi-arid regions, especially in 
developing countries. With the constant growth in population coupled with declining fresh water resources, the 
gap between the demand and supply for water resources is projected to rise in the coming decades (WWAP 
2017). Climate change, in this context, will act as a key driver of water scarcity in future (IPCC 2013). Most of 
the semi-arid regions in Pakistan are agriculture-based, and there is a growing concern among farmers about 
water shortages. 
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While most farmers are now opting for sugarcane as an alternative, the implications of shifting to this crop on 
a long-term basis for water availability needs to be highlighted. In this context, sugarcane production in semi-
aid regions would be unsustainable as it is a highly water-intensive crop. As climate change is posing severe 
threats to existing water resources, a shift to water intensive crops in these regions would not only take up 
large proportions of canal water, but would also lower the water table. 

Figure 18: Changes in water usage for agricultural production

Source: author’s own

Box 2: Livelihood shift after 2010 floods: an example of maladaptation

As mentioned earlier, Mor Jhangi is highly vulnerable to floods. The 2010 floods were a major catastrophic 
event, which destroyed more than 85% of the agricultural land. Since this UC is along the DGK canal, even 
a minor increase in canal water flow affects the crops in the area. Farmers have reported that since 2010, 
monsoon rainfall have caused floods which destroy crops every year. As a result, many cotton farmers have 
moved away from cultivating cotton to maize, and in extreme cases cultivating nothing during the Kharif 
season, thus, depending on a single season crop (see Figure below).  The figure shows that farmers who 
used to cultivate cotton on 1- 20 acres of land (small and medium farmers) have mostly shifted away from 
cotton after 2010. This is because agriculture is a major source of income for small farmers, and a high cost 
is associated with crop damage from floods. Also, the cost of shifting to other crops is comparatively lower. 
Moreover, a small number of farmers who owned more than 20 but less than 40 acres of land also shifted 
to other crops,. This may be because of the high cost of the sudden shift to other crops or no production at 
all. On the contrary, large farmers, holding around 40 acres and above, preferred to shift their crops after the 
2010 floods, mainly because of high loss ratio.  

Source: author’s own
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Box 2: Livelihood shift after 2010 floods: an example of maladaptation

Such ad hoc adaptation strategies may benefit the farmer in the short-term, and help reduce losses as a 
result of climate catastrophes, but they turn into maladaptation over the long-term. A shift from cotton to 
other crops would change the ecosystem dynamics of the region.

2.6. Increasing resilience to climate change: the farmers’ perspective
One of the broader objectives of the PRISE project is to identify options for adaptation and investment in 
climate-resilient economic development in semi-arid regions. In this context, this study strives to explore 
potential adaptation options that could help build resilience of the cotton farmers as well as promote inclusive 
economic development at local-level. As a preliminary step in identifying such options, farmers were asked 
to highlight potential options that they think could help enhance climate-resilient cotton production. Figure 19 
shows that the priorities expressed by farmers for adaptation practices are similar across different UCs. 

Figure 19: Proposed interventions for increasing resilience at the farm level

Source: author’s own

While farmers rely primarily on agriculture production (86% have agriculture as their first source of income), 
and cotton being a major crop, they shared that shifting to alternative employment opportunities (off-farm 
employment), or migrating to cities (in case of climate extreme events) would not be helpful in the long-term. 
They also insisted on developing mechanisms which could provide buffers against extreme climate shocks. 
One example of such a buffer is development of a crop insurance scheme to help stabilise post-disaster 
incomes at the farm-level. 

Similarly, it was stressed that enhancing the quality of agricultural inputs would significantly increase 
climate resilience, particularly in case of increasing temperature and related changes in crop management 
practices. Not only this, improved irrigation systems and capacity building of cotton farmers through 
enhanced and proactive extension services were cited as options for promoting resilience. 

Access and timely dissemination of climate information was also shared as an important factor of 
resilience at the farm-level. While the rate of climate change is unprecedented, farmers also saw options of 
shifting to other crops (sugarcane, for example, which is a water resilient crop in terms of flood resistance) as 
highly important as a long-term strategy. 
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2.7. Gender roles and climate change
Women are key actors when it comes to farm activities. FGDs with both male and female cotton labourers 
were carried out to assess their relative vulnerabilities and adaptive capacities. Eight FGDs were held in total (4 
with each gender) comprising of around 8-12 participants. 

Through discussions, it was found that most of the field activities were done by men as compared to women. 
Women were generally involved in sowing and cotton picking, whereas soil preparation, weeding, pesticide 
application and other field management activities were done by male workers. Table 15 highlights the division 
of labour between male and female labourers in the cotton fields. 

When asked why only women, in their point of view, are responsible for cotton picking and not men, male 
labourers responded that since cotton picking requires no physical strength and skill set, it is done by female 
labourers. Whereas, female labourers shared that this activity requires patience and precision and that is why 
it is done by them. The reason why women’s essential on-farm support is not recognised is because they lack 
technical education about crop management, including checking insect population level, soil moisture level, 
crop water requirement etc. Men, on the other hand, are involved in the farm-level decision-making (such as 
selection of pesticides etc.), and tend to develop technical know-how over time. 

Table 15: Farm activities as per gender10

Farm activities Involvement of male labourers Involvement of female labourers

Soil preparation √√ √
Sowing √√ √
Weeding √ ×
Pesticide application √√ ×
Harvest (cotton picking) × √√

Source: author’s own

Despite an active role in farm activities (except for weeding and pesticide), women have a limited role in 
decision-making in areas like fertilizers/pesticide to use, how much to produce, which crop to produce etc. 
Men, however, reported that women are consulted, but the latter shared that despite the consultation, the 
former usually take final decisions on their own. A major reason of decision-making power being in the hands 
of males is because the land is owned by male members of the family. Differences in the level of education of 
males and females is another factor defining decision-making power, as male respondents reported primary or 
informal education; whereas female respondents were mostly uneducated or informally educated. 

Apart from limited farm decision-making power, women also have limited access to information related to 
weather and climate threats as compared to men. Almost all the female respondents reported that there is no 
climate threat facing cotton farms. They were also not familiar with any changes in weather patterns overtime, 
whereas men showed a higher degree of awareness about weather-related information. This might be because 
of the low level of female literacy in comparison to males as discovered through the FGDs. This consequently 
limits women’s participation in decision-making processes regarding day-to-day crop management (which 
includes information sharing among farm managers), and during times of climate extremes.

In 96% of the sample, the head of the household was usually male. In the remaining 4%, the head of the 
household was either dead or had migrated to another city or country, thus, leaving decision-making power to 
women. Even in these cases, the eldest son of the household was usually consulted before taking any major 
decision related to the farm.  

Moreover, there is no organisation/association of female cotton labourers at the community, district and 
provincial-level, to protect their interests in field activities. Women also did not share the need to formulate any 
women-specific interest group. This is because agriculture is profoundly patriarchal. Interestingly, young girls 

10 Double check marks indicate a significant role of either sex. For example, women have almost no role in pesticide application and weeding; 

whereas, they play a significant role in cotton picking during the harvest.

48 Towards a climate resilient cotton value chain in Pakistan



Towards a climate resilient cotton value chain in Pakistan

who accompany elder women for cotton picking to the fields are getting less interested in doing farm activities 
as they are increasingly being educated. In most of the study sites, there was no school within 10 km radius of 
the village, but in cases where there was a school nearby, girls’ access to education was gradually increasing. 
Moreover, women also reported that they would not prefer to work in the fields if they were given another work 
opportunity, preferably as house maids, even though they may not be allowed by the household heads to do 
any other work. 

In terms of climate vulnerabilities, both shared that it is men who are affected the most as a result of extreme 
climate events because they are responsible for taking care of the family, livestock and other assets at the 
household-level, whereas, women are only responsible for childcare. Women reported that after the 2010 
floods, a large number of male farm labourers were unemployed, and consequently, a lot of them had to go 
to neighbouring villages to look for work, whereas, women stayed home to take care of the family. Although 
women were also unemployed, this was not a major loss of livelihood as their income made up a small 
proportion of household income. However, while discussing post-flood relief, it was highlighted that most of the 
relief activities, particularly disbursement of cash grants, were mostly directed towards men. 

Visits to the study sites revealed limited mobility of women due to cultural barriers, and thus, limited access 
to health facilities, lack of survival skills such as swimming and no access to flood warning. In the context of 
semi-arid regions, women’s access to water significantly declines in post-disaster situations. Similarly, they 
have comparatively limited adaptive capacity in relation to men. Men usually migrate (for a short period) to other 
towns, leaving females of the household behind, and have access to necessary financial resources to cope 
with the losses of the event. Not only this, in case of reduced household income, expenditures on education 
declines, and girls are more likely to be pulled out from schools as compared to boys. 

In conclusion, this study establishes that climate risks, vulnerabilities and adaptive capacities differ between 
men and women, but are not clearly understood by each gender. Moreover, women’s role in agriculture, and 
the impacts of climate change on them are often underestimated which leads to gender bias in household 
decision-making and policy-making.
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Part III: From the field to the factory - textile 
manufacturers and other value chain actors

KIIs and FGDs were conducted in DGK and FSD in order to explore the climate vulnerabilities, knowledge base 
and current adaptation practices of cotton value chain actors who were asked about their perceptions about 
climate change, the factors that make them vulnerable to the impacts of climate, climate risks on their firm/
industry and adaptation practices.

3.1. Perceptions about climate change
The research shows that industrialists are well aware of climate change and associated risks in general, 
perhaps, in part due to the relatively high level of education at the management level. They recognise the 
changes in temperature, rainfall patterns, and frequent occurrence of floods and droughts in Pakistan; and 
their impact on agricultural productivity, infrastructure and economic well-being. Despite greater awareness, 
textile firms are less concerned about climate risks as these are less pronounced at the industrial production 
stage, and are not considered a major threat to business. Some also stressed the need to raise awareness 
of the textile sector actors about the environmental implications of heavy industrial activities. As most 
manufacturers produce their own electricity and power their boilers with coal or oil, there is need to create 
awareness about the adverse effects of using fossil fuels on the climate. They also highlighted the important 
role of the government. Most pointed that the outreach of the district-level agriculture departments’ needs to 
be enhanced, and because the private sector does not have sufficient time to invest in this, it should be the 
government to take the initiative. 

Processors view climate change as most threatening to the cotton production stage, and stressed the 
importance of educating farmers about climate risks and their management. They opined that the direct 
impacts of changes in climatic parameters are on the cotton crop so farmers are the ones most vulnerable, 
and must be made aware about climate change. For example, they stressed that farmers need to be 
aware about the right time to plant the crop, where and how to get good quality seeds, optimum number 
of pesticides sprays, water removal from fields after floods etc. More importantly in their opinion, the use of 
modern machinery, especially for cotton picking, should be promoted among farmers as this would reduce the 
trash content and contamination in local cotton, which is currently very high as compared to other countries. 
Processors believe that if this awareness is not enhanced, farmers will eventually shift to the crops, like sugar 
cane. This trend can be seen across various UCs in DGK. They also opined that as farmers are uneducated, it 
is difficult to convince them to shift to modern machinery and improved ways of plantation.

Representatives of pesticide and seed companies also possess a high level of understanding of climate 
risks. They reported that private companies are playing an important role in increasing awareness about 
climate impacts at the producers’ level. This awareness building is a crucial part of their marketing strategy, 
which gives them the opportunity to create/increase demand for a particular product. Not only this, they are 
reportedly also contributing to educate farmers about potential adaptation options, particularly in case of 
droughts. While this is benefitting some cotton farmers, other private companies are taking advantage by 
selling counterfeit micro-nutrients, seeds etc. under different names every season. Key informants reported that 
private companies are spending more on R&D as compared to agriculture research institutes.

A high degree of awareness about climate impacts was found during interviews with agricultural research 
institutes and local agriculture departments. Agriculture departments have a dedicated unit to conduct 
research on major crop issues. Information based on latest research carried out in agriculture research 
institutes are also communicated to agriculture department, especially extension wing, which then pass on this 
information to cotton farmers through extension agents. There are, however, major gaps as a lot of information 
gets lost in between, and limited resources at the disposal on extension wings makes the on-ground 
dissemination of information ineffective. 
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3.2. Factors causing vulnerability to climate change
Based on the analysis of the cotton value chain structure (Batool and Saaed, 2017) and system, this study 
found that the level of vulnerability decreases as one moves up the value chain. This implies that the actors 
at the upstream level (cotton farmers and ginners) are more vulnerable to climate risks as compared to actors 
downstream (spinners, weavers, ready-made garments etc.). On the horizontal scale, the level of vulnerability 
depends on the following factors:

a. Size - small firms are more vulnerable to climate shocks as compared to large ones.

b. Type of final product - firms producing hosiery-based products have a short demand season, and are 
susceptible to change in raw material supply as compared to home-textile industries which have a year-
long demand cycle.

c. Type of market targeted – firms that target local markets (for example, ginners) mostly rely on local raw 
materials, and are most affected as a result of decrease in raw cotton in the domestic market. On the other 
hand, firms catering mostly to the international market rely on imported raw cotton and yarn both to meet 
international buyers’ demands and the domestic market supply gap. It was also reported that the changing 
domestic market preferences (demand for high quality products, for instance)  will cause more loss to firms 
in case of deteriorating quality of local cotton due to changing climatic conditions. 

d. Type of industry - secondary industries, mostly found at the horizontal level of the CVC, are also 
experiencing impacts of climate change. Respondents from cottonseed oil units reported that the recent 
decline in cotton crop has reduced their business operation from six to two months. Some oil units have 
closed down, whereas, others have started to buy cotton seed from other cities, and even other provinces, 
especially Balochistan. Alternatively, large cottonseed oil units have now started to stock cottonseed which 
can be used throughout the year. This, in turn, reduces the availability of seed oil for small firms.

e. Formality or informality of the firm – a major proportion of women and poor labourers are associated 
with the informal textile industry. While informal firms lack the capacity to buffer against shortages in input 
supply, and have limited access to finances (as most of them are small firms), they tend to suffer more as 
compared to the formal sector. Moreover, limited government outreach to the informal workers makes any 
investment in adaptation ineffective.  

3.3. Climate change risks
There are no major physical climate risks (damage to infrastructure) to the textile sector in Pakistan, which is 
primarily located in Faisalabad. No major climate catastrophe has been recorded in this area in the last two 
decades. However, changes in temperature and rainfall patterns are evident. DGK, on the other hand, has an 
agricultural base, and a limited number of small ginning and spinning firms. It has been found that there are 
indirect impacts of climate change on the textile industry which may disrupt business operations. In-depth 
interviews with textile firms’ representatives revealed that there can be three major risks to them as a result 
of direct impacts of climate change at the farm-level: 

a. Competitive risk - product loses value in the international market. 
b. Reputational risk - international buyers start procuring from others whose supply is reliable, both in terms of 

quality and quantity.
c. Revenue risks - as a result of both competitive and reputational risk. This causes a rise in the cost of 

production at the industry-level.

It was found that decrease in the quality of domestic cotton due to increase in temperature and erratic rainfall 
is causing problems for ginning, spinning and weavers units. Some of the quality issues facing spinners and 
weavers are as follows:

a. Changes in rainfall pattern alter the Micronaire (MIC) of the cotton boll11. Spinners reported that the quantity 
of MIC has been too high over the past three years which makes it difficult to spin it into fine yarn.

b. Sometimes excessive rainfall increases the moisture content in the cotton boll due to which it attracts trash 
content. As a result of this, spinners have to invest more in cleaning the cotton boll (double cleaning).

11  MIC is a measure of the air permeability of compressed cotton fibers. It is often used as an indication of fiber fineness and maturity (Cotton Inc. 

2017).
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c. Due to increase in temperature, the crop matures before the required time period. This causes the fiber to 
lose its strength. Temperature variation also changes the moisture content of the soil, and hence, affects 
crop health.

d. High temperature results in pest and disease outbreak which has implications for the cotton boll. First, if the 
farmer resorts to increased number of sprays to overcome disease/pest attack, then the quality is affected, 
and, hence more mechanical effort goes into cleaning the cotton. Second, pests make the fiber of the 
cotton boll weak and yellow in colour, which produces low quality yarn.

e. Rapid changes in seasons (early summers and late winters) have caused huge losses to the hosiery 
industry. For example, sock factories usual operation period was from September to February, but with the 
changes in seasons, their operation time has shrunk from November to January. According to some key 
informants, the losses are up to 35%. This, on the other hand, has given rise to opportunities for product 
innovation as they are now moving away from pure cotton-based socks to other lighter material socks that 
are wearable in mid-season.

In general, it was found that spinners are more concerned about the quality of cotton as opposed to its 
quantity. Only large spinners have the capacity to import cotton, whereas, small spinners are forced to rely 
on the domestic supply. Not only this, large spinners also reserve cotton stocks to be used in times of low 
domestic production which makes them less vulnerable to supply shocks. While domestic cotton is the only 
source of raw material available for medium-sized spinners, poor quality cotton reduces their profit margin. 
Price of the final products is also reported to have been less than the input price. A number of spinning firms 
have closed down in Faisalabad as a result. 

The industrial labour, working in weaving units, also face difficult working conditions, especially during 
summers. Weaving machinery emits heat, and when combined with outside temperature makes it almost 
impossible to work indoors. As labourers in Pakistan are also under-nourished, extra arrangements have to be 
made. For example, provision of water and rest time. High temperatures also affect workers’ efficiency. 

Printing and dying units are dependent on water resources. While climate change is a threat to existing water 
resources, manufacturers were of the view that they do not face any issues currently, but would face grave 
consequences in the future if these resources are not managed effectively.

3.4. Current adaptation practices
In order to cover the supply gaps in the domestic cotton markets, textile manufacturers reported adopting 
various practices to sustain business operation and profit margins.

Implications, of reduction in the domestic cotton supply, vary depending on the size of the textile 
manufacturers. Large firms resort to buying imported cotton, whereas small firms, solely dependent on 
local production, bear the brunt of the decrease in supply. In some cases, it was reported that small firms 
purchase cotton from large ones from their stock in case of decrease in supply of domestic cotton. 
Due to supply issues, even the medium-sized textile firms, which did not import cotton have now started to as 
they are uncertain about the quantity of raw material available in the domestic markets. Although this drives the 
cost of production for small firms upward, this is currently the most used reactive adaptation strategy in times 
of lower domestic production due to limited alternatives. 

Another adaptation strategy used by large manufacturing units (especially spinners) is the trend of using 
of man-made fibers since 2005. In case of shortage of raw material, cotton is mixed with nylon, polyester 
etc. to meet supply demands. However, this strategy is very limited because it is determined by demand (i.e. 
manufacturers cannot mix other materials if the buyers demand 100% cotton). 

As an adaptation strategy, a large number of export-oriented textile firms have started to target the 
domestic market. As these firms were unable to remain competitive abroad, they have entered the local textile 
markets to sustain profit margins.

This research notes that current practices of adaptation tend to be more unit-specific, and not 
inclusive of other value chain actors. Each textile firm caters to their needs by resorting to imports. Textile 
manufacturers operate in a highly competitive environment, and hence, focus on individual profit margins. 
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When asked about private sector investment in adaptation at the community-level, most of respondents 
thought that the government should take a lead role, and the private sector can then assist. According to 
the key informants, textile manufacturers’ are willing to pay a premium for good quality cotton (to those who 
have better quality cotton), but farmers are not ready to invest in upgrading agricultural machinery for better 
cotton picking and ginning, due to the high cost. Farmers should be made aware that a one-time investment 
would give them long-term returns, and increase yield along with the quality. Apart from this, the government 
collects cess (cotton tax) from textile firms on the purchase of cotton, which is PKR 50 per bale. This is 
collected to promote research on cotton-related issues (improved seeds, high quality pesticide etc.). There is 
a strong consensus among large textile firms that the funds are not put to effective use by the government, 
and should be abolished so that these can be invested on cotton farmers. One major hurdle in the way of 
private sector investment for adaptation at the community-level is the lack of awareness about their potential 
role. They are not clear about how adaptation can be strengthened and what would be the returns for them. 
One reason for this is that there is generally a low culture of Corporate Social Responsibility (CSR) in Pakistan. 
A number of large private firms (not necessarily textile-based) are involved in charity work linked with religious 
concepts of charity as opposed to community service.  

On a concluding note, Figure 20 highlights key climate risks facing the CVC in Pakistan, based on the previous 
discussion.  The next step is to identify policy options that could help promote adaptation at the farm and value 
chain level.  

Figure 20: Mapping climate risks across the CVC

Source: Designed by Fiona Bradshaw, based on Authors’ Feedback.
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Part IV: Building resilience at the farm level

Adaptive capacity is a fundamental feature of long-term resilience of a community or system. Technology and 
innovation (improved seeds, desalination technologies etc.); social factors such as human and social capital; 
governance structures; knowledge; and financial resources are usually referred to as major factors shaping 
adaptation (Brooks and Adger 2005; IPCC 2007; Jacobs et al., 2015). The findings of this study also reveal 
that promoting adaptation will help lessen the vulnerabilities at the cotton production level as adaptation plays 
a prominent role in defining vulnerability of the farmer, which ultimately leads to enhanced resilience across the 
value chain. 

This endeavour recognises that alterations in the policy environment are required to encourage cotton farmers 
to take adaptation decisions at the farm-level. As cotton producers face the direct impacts of climate change, 
which then trickle down to the processing sector and other related actors in the cotton value chain, it is 
extremely important to promote adaptation at the production-level as well. KIIs and FGDs were conducted 
in order to explore ways of promoting resilience at the value chain and production level, in particular. Expert 
opinion was sought from the cotton and textile sector experts, especially at the policy-making level. In this 
section, the focus is on identification of key actors and institutions that could play significant roles in building 
resilience along the CVC: 

a. priority policy actions (short-term) that need to be implemented within a timeframe of 3-5 years; and,
b. long-term adaptation strategies aimed at enhancing the ability of local communities to anticipate, absorb 

and adapt to future climate risks. 

The interventions are proposed keeping in view the objective of promoting adaptation that is inclusive (SMEs, 
women labourers), and all-encompassing (producers, manufacturers, and secondary industries etc.).

4.1. Priority policy actions (short-term)

a. Development of a cotton sector policy, with a focus on promoting adaptation
There is a clear demand from PRISE stakeholders to formulate a targeted National Cotton Sector Policy which 
addresses the needs of the cotton farmers at the local level, and presents a way forward to implement market-
based approaches to climate-resilient cotton production. Stakeholders have put forward the following policy 
interventions that should be considered in this regard:  

• Water is one of the major resources at risk of climate change. As increased competition for water 
resources is likely to occur in the near future, effective water management should be a priority. There is a 
need to improve water distribution systems for reducing leakages, as well as promotion of water-saving 
technologies (including seeds which require less water for production or moisture monitoring). Creating 
community awareness on water resource conservation would ensure sustainability of such interventions. 

• Floods pose serious threat to cotton production in Pakistan, and there is a dire need for flood risk 
management to reduce crop losses and to prevent farmers from shifting to other crops. Development of 
crop insurance tools (such as weather-based crop insurance) could help offset some of the losses faced by 
small and medium farmers. 

• There is a need for investing in climate-resilient infrastructures such as irrigation systems and storage 
facilities; and weather forecasting technology for better prediction of climate events. The Government 
should subsidise these technologies so that these are easily and equally accessible to all farmers. 

• Cotton production in Pakistan is mostly dominated by small landholdings which is a major reason 
for relatively low levels of adaptation in this sector. Small farmers have no or limited access to credit, 
information and technology, nor is it feasible for them to opt for expensive adaptation options. Stakeholders 
opine that division of agricultural land among children is driving the large proportion of small landholdings 
in the country. There is, hence, a need for effective land transfer legislation, which regulates division of 
agricultural land among children. While the implementation of such an intervention is challenging, policy-
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makers need to support small farmers by providing easy access to low interest credit facility, climate 
information and technology. 

• Local Agriculture Offices should be mandated to conduct awareness-raising campaigns on climate change 
issues and effective adaptation planning. Capacity building of the farmers should be done so that they can 
interpret climate data in relation to crop production. More importantly, cotton growers should be provided 
with information about the likely impacts of climate change on their crops which calls for downscaling 
climate change projections to field- level implications. Hence, an effective climate information system needs 
to be put in place. Another effective mechanism for smooth flow of information could be by linking farmer’s 
organisations with district-level agriculture and extension departments, coupled with improved outreach of 
extension services. 

• Market information systems also need improvement. Farmers should be sensitized about Pakistan Cotton 
Standards Institute’s quality standards, based on which if they produce better quality cotton, they can 
ask for a better price. Currently, farmers are paying whatever is quoted by the middlemen, and the price 
is same for different qualities. The capacity of the growers also needs to be enhanced so that they can 
effectively negotiate the price of their crop.  

• The Government should strictly regulate actors operating in the input market so that only authentic 
providers are able to sell their product. Ease of access to authentic inputs should be provided to farmers at 
the village-level. 

• Linkages between agriculture offices and agriculture research institutes should be strengthened. This 
would help in better defining the agriculture research priorities in line with on-ground demand for research.  
Research on climate smart agriculture; and droughts, floods, and saline-tolerant varieties of crops should 
be promoted. More importantly, the duration of the approval of a research product (such as improved 
seeds) should be reduced so that successful research could be implemented in the fields. Moreover, the 
knowledge gap between demand and supply in agricultural research should be filled. The private sector 
could provide financial support to the research institutes as the government has limited financial capacity.

• The Cotton Sector Policy should particularly take note of the differentiated climate impacts (on men 
and women labourers), and hence, should provide adaptation support to both (including short and long 
term-labourers). Women, in particular, need to be informed about climate change impacts; safety in the 
fields in the context of female and child health; and their role in climate extremes etc. A local organisation 
comprising of female labourers may also be established. It is important to highlight that this policy provision 
should be mainstreamed in all other agriculture-related policies. 

• Hedge trading12 to incentivise quality should be encouraged. The rationale is that as the grower is assured 
that his produce will be bought at a good price, s/he is more likely to invest in producing a better quality 
crop. Currently, as cotton prices decrease, farmers lose interest in investing in production, and are less 
likely to opt for better quality pesticides/fertilizers, resulting in reduced yield and overall quality.

b. Bridging knowledge gaps on climate change through creation of specialised farmers’ as-

sociations at the village level.
The survey with cotton farmers revealed that information about weather is a major factor in adaptation 
decisions at the farm-level. Currently, there is no formal mechanism to disperse climate information top 
down, where it is needed the most. Information is disseminated through social networks, which benefit large 
landholders with large social networks. This information gap regarding current climate risks and adaptation 
requirements results in major losses in productivity and limited adaptation to future climate risks.  

Hence, there is a need for creation of specialized farmers’ associations at the village level. These bodies can 
help align and strengthen the voice of the cotton farmers and enhance their bargaining power. This could also 
be utilised as a knowledge sharing platform where farmers discuss climate-related issues, crop management 
and adaptation etc. Sharing such information may encourage farmers (who do not cope/adapt otherwise) to 
take adaptation decisions, and move from reactive to anticipatory adaptation. Moreover, it could also help 
bolster the linkages between agriculture and extension offices and farmers. 

12 Future trading - an agreement that takes place between buyer and cotton farmers before the crop is produced
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District-level agriculture departments can be instrumental in bringing stakeholders together. Agriculture 
departments can sensitise relevant stakeholders about the need and potential benefits of having such 
a platform. In order to promote effective sharing of information, the departments should nominate a 
representative to convene meetings with representative of small, medium and large landholders and the 
extension officer on a regular basis. This platform could also be utilised to create awareness about climate-
resilient farm management practices (conservation agriculture, integrated pest management, sustainable 
agriculture, drip irrigation, zero tillage etc.). Moreover, a body representing female cotton labourers can be 
formulated along similar lines for awareness creation, for example, on health risks for female labourers. 

4.2. Key policy interventions to promote long-term adaptation
Some of recommendations proposed in the previous section would require long-term consideration and 
planning. Three important areas their practical implications include:

a. Development of effective crop insurance market, in partnership with the private sector 

(at the national level), to provide financial stability to farmers (particularly for small and 

medium landholders) after a climate extreme event (especially floods). 

Issue: Pakistan is extremely prone to flood risk. Flood being a recurrent climate risk for Pakistan ends in loss 
of livelihoods of millions of farmers across the country. This not only results in massive food insecurity but also 
increase in poverty as medium and small landholders are further pushed down the poverty line as they fail to 
recover from flood damages. Crop insurance, a potential tool to deal with financial losses, is although available 
(through public banks) but have extremely limited outreach.
Why do it? An effective insurance system would ensure sustainable yields, and would not only be beneficial 
to cotton farmers, but other actors along the value chain by promoting sustainable supply of cotton. 
Moreover, by streamlining production, an effective insurance system can incentivise agricultural investments 
by farmers because they can transfer some of their production-related risks. PPPs in this area help reduce the 
government’s fiscal burden (Xing, 2010) and ensure efficiency and sustainability of the insurance system (The 
World Bank, 2007). 
Who should do it? Government should create incentives for the private sector to enter the crop insurance 
market. Zarai Taraqiati Bank Limited could play a supportive role for the new private entrants.
How to do it? The government can provide a conducive legal and regulatory environment for private firms 
willing to enter the crop insurance market. Technical (infrastructure and capacity building of the private sector); 
and administrative support (especially, data support) can be provided by the government for a few years in 
the beginning. The taxation policy can also be relaxed for new entrants. An effective government intervention 
could be providing premium subsidies, where farmers pay between 25- 50% of the cost of insurance. Subsidy 
support is critical in sustaining the private crop insurance market on a long-term basis. Research also shows 
that PPPs deliver the most effective insurance coverage (Dick and Wang, 2010). In order to provide effective 
support, the government  should also: (1) undertake an assessment/comparison of a range of risk financing 
options (including insurance) to better understand what is the most beneficial and cost-effective for which 
specific target group; and (2) explore further options for risk financing across the value chain that could further 
help stabilise the chain more widely to cope with floods (and potentially other hazards).
Sensitisation about the need for insurance, potential benefits and opportunities, along with the economic 
incentive may help overcome the first two barriers. Working with intermediaries and agricultural or financial 
services providers across the value chain may be another opportunity to overcome some of the limitations, 
incentivise uptake of insurance products and support access to services; relying on existing microfinance 
institutions or cooperatives can increase outreach and make use of synergies between financial and non-
financial products.
Cost implications: PPPs can help deal with the cost challenges for this intervention. Literature highlights an 
increase in the delivery costs of insurance programmes globally, but PPPs are found to be an effective cost 
sharing instrument (Glauber, 2016).
Barriers to implementation: Low interest to join the agriculture market in the private sector; unwillingness of 
farmers to take crop insurance due to high cost; lack of local-level climate data. 
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b. Availability, effective management and utilisation of district-level climate vulnerability data 

for better management of climate change at the local-level.

Issue: While data deficiencies are often highlighted as major constraints in promoting local-level adaptation, 
existing data on climate risks, cropping system, water availability etc. at least provides an entry point for 
adaptation actions. While it is important to upgrade the climate information system nationally, it is equally 
important to effectively utilise the existing data. There is an urgent need to synthesise all the available data for 
effective utilisation, both by the government and donor organisations working with the agenda of promoting 
local-level adaptation. A common climate change database can be created for sharing the information with the 
relevant stakeholders. Climate change modelling should also be done focusing on agricultural dynamics. 
Why do it? Synthesis of data would help policy-makers, researchers and donors to better design localised 
targeted (indicators and location-specific) adaptation interventions.
Who should do it? Partnership between research institutes and the meteorological departments should be 
strengthened.  
How to do it? There is an urgent need for local-level weather information infrastructure. Existing institutes 
like the Global Change Impact Study Centre (GCISC), Pakistan Meteorological Department (PMD), Pakistan 
Agriculture Research Centre (PARC), among others, should be taken on board to collate local-level data. Local 
governments should be given access to the weather forecast information system. This would also require 
capacity building of these local bodies. Major agriculture producing districts should be the top priority for 
infrastructure up-gradation and instalment. Partnership with the private sector on developing a comprehensive 
weather information system market could go a long way. Moreover, these interventions should be made a part 
of the local adaptation planning and district development plans. 
Cost implications: Data maintenance cost; cost associated with technology up-gradation (effective weather 
forecasting system).
Barriers to implementation: Lack of a coordination body at the national/ provincial level.

c. Exploration and promotion of new areas suitable for production in a changing climate.

Issue: Climate change is likely to put pressure on existing natural resources which may result in reduced 
productivity in some areas. Semi-arid regions are under extreme threat to climate change. As water scarcity 
is projected to increase in future, due to rising temperature, agricultural production in these regions will be 
adversely affected.
Why do it? Currently, most of the cotton production comes from Punjab and Sindh. KIIs, however, revealed 
that cotton from Balochistan is relatively better in quality. Therefore, exploration of new areas for cotton 
production would not only help increase production, but also expand the export base and supply to local 
industries.
Who should do it? Provincial agriculture departments should take the lead. Agriculture researchers, both 
private and public, should collaborate to search for climate-friendly and cotton-conducive areas for production. 
This needs to be done in collaboration with the PMD.
How to do it? Climate scenarios need to be developed for the cotton crop. Based on the results, potential 
areas for expansion should be identified. Pilot projects should be developed which may be scaled up at later 
stage. Extensive research on the effective water management and pest control in the new production areas 
should follow. Local farmers also need to be trained about cotton crop management.  The provincial budgets 
should also have special allocation for exploration of new areas. The Federal Agriculture Ministry should also 
extend financial and technical support to the provincial bodies.
Cost implications: High cost of R&D. Apart from the budget available for R&D, a special budget allocation 
can be made for this intervention as a project. 
Barriers to implementation: Limited provincial agricultural budget; high cost of R&D and capacity building of 
farmers.
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Part V: Towards a climate-resilient CVC in 
Pakistan

A long-term policy requires mainstreaming climate change impacts in all policies and planning at the national 
and local level by the Government of Pakistan. Vision 2025, the SDGs and National Adaptation Plans (NAPs) 
provide key entry points, apart from agriculture and textile policies for climate-resilient value chains. 

5.1. Value chain level policy interventions

This study proposes the following targeted policy actions that can help promote inclusive development of the 
CVC: 

a. Linking ginners with global markets
As indicated in Batool and Saeed (2017), the ginning sector is one of the major informal sectors in the country 
and is dominated by SMEs. Most of the ginning firms lack access to finance, and produce at a small-scale, 
but they cater to the demand of the local market. This is one of the reasons why they do not feel the need for 
technology up-gradation, which is a major challenge currently facing this sector. Strengthening links of these 
SMEs with the international raw cotton buyers would not only help them improve the quality of their output 
(through adherence to international standards), but also help build adaptive capacity. Export incentives (for 
example, in the form of tax exemptions) can be offered to encourage SMEs to export, which would, in turn, 
encourage them to become integrated with the formal sector. In the longer term, the ginning industry can be 
developed on a commercial basis, so that it can offer direct facilities to the textile processors. 

b. Public-Private Partnerships (PPPs) to support adaptation at the farm-level
The PPP model is found to be more effective and sustainable in promoting on-farm adaptation as compared to 
only public interventions for the promotion of farm-level adaptation (WEF, 2014). For example, climate-resilient 
community-based water harvesting, storage and distribution systems were built in Sierra Leone under PPPs 
to reduce the adverse impacts of changes in rainfall (Biagini and Miller, 2013). They highlight three necessary 
steps to engage the private sector in adaptation efforts:

a. awareness raising on climate change issues; 
b. engaging them in national and international adaptation efforts; and,
c. incentivising the private sector to develop products and services that can help reduce climate 

vulnerabilities.

In the context of CVC in Pakistan, there is a need to connect farmers/cotton growers with the textile industry. 
While agriculturists are in favour of promoting this connection, textile industrialists do not see any benefit in this 
collaboration as they think that it is only the government’s role to support farmers. There is, however, a need 
to create awareness and incentives for the manufacturers to link up with farmers, and promote adaptation 
through government support. The private sector in Pakistan can play an effective role in scaling up adaptation 
finance. Further research also needs to be done on the business opportunities for processors in linking up with 
the upstream actors (vertical integration). 

c. Awareness raising on climate change issues
Acknowledgement of climate issues at the policy-making level is crucial. The existing Textile Policy (2014-
19) does not take into account any such risks, and climate change is not a focus of policy-makers or textile 
manufacturers. Downstream actors of the value chain (processors, exporters etc.) need to be made aware of 
the climate risks, along with its implications for the industry, and their role in promoting adaptation (both at the 
community and industry-level). 

While the current policy focus is shifting to the SDGs, it is important to highlight climate change implications 
for each of the SDGs. For example, goal 1 (reducing poverty), 2 (zero hunger) and 3 (good health) have direct 
linkages to climate change, and no significant progress can be achieved unless climate change risks are taken 
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into account. In this context, the role of research organisations is important. Seminars and awareness raising 
campaigns may be designed, in collaboration with the Ministry of Textile Industry, to promote awareness 
among textile manufacturers, SMEs and firms operating in the informal setup. 

Apart from this, the textile manufacturers are major players in terms of the Nationally Determined Contributions 
(NDCs), which set the emission reduction targets for Pakistan. Sensitising manufacturers on climate change 
issues would enhance their participation in both adaptation and mitigation efforts at the national level. 
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Appendix I: Mapping the CVC in Pakistan

Source: Batool and Saeed (2017).
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Appendix II: Data analytics

Table a: Percentage of respondents as per land tenure system

 Type of farmers Frequency %

Landowners 309 70.9
Sharecroppers 34 7.8 
Tenants and employed as wage labourers 56 12.8
Contractors 37 8.5
Total 436 100.0

Source: author’s own

Figure a: Highest level of education at the household level

Source: author’s own

Figure b: Level of education of the respondents as per landholdings
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Table b: Number of households involving family members as farm labourers

Categories of farmers based on acres of land they own
Small 
landholders

Medium 
landholders

Large 
landholders

Total

Are farm 
operations 
predominantly 
run by family 
members?

Yes 100 93 53 328 (75.2%)

No 24 17 49 108 (24.8%)

Total 124 110 102 436

Source: author’s own

Table c: Types of cottonseed used

Categories of farmers based on acres of land 
they own

Total 
(including 
contractors, 
shareholder 
and tenant)

% (including 
contractors, 
shareholder 
and tenant)

Small 
landholders

Medium 
landholders

Large 
landholders

Desi 22 22 10 77 17.7
Hybrid 16 6 74 45 10.3
Hybrid Bt 91 81 19 324 74.3
Mix 23 21 20 83 19.0

Source: author’s own

Table d: Mode of irrigation used

Mode of irrigation used
 Mode Number of farmers %

Only use canal water 20 4.5
Only use tube-well 196 45.0
Use both canal and tube-well 220 50.5

Source: author’s own

Table e: Type of drainage system

 Type of drainage system Number of farmers %

None 106 24.3
Natural 226 51.8
Concrete 6 1.4
Earth structure 74 17.0
Pump through generator 24 5.5
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 Type of drainage system Number of farmers %
Total 436 100.0

Table f: Observed changes in canal water as per UC

Has canal water increased or decreased during the last 10 years? Total (UC 
wise)Union 

Council
Increased Decreased No change Don’t know Sometimes 

more, 
sometimes 
less

91 8 49 46 0 4 107
Kala 5 18 86 3 3 115
Mana 
Ahmadani

3 42 57 2 6 110

Mor Jhangi 2 1 100 1 0 104
Total (change 
wise)

18 (4.1%) 110 (25.2%) 289 (66.2%) 6 (1.3%) 13 (2.9%) 436

Source: author’s own

Table g: Observed changes in tube-well water as per UCs

Has the amount of tube-well water irrigation changed over 
the last 10 years?

Total (UC wise)

Union Council Increased Decreased No change

91 57 5 45 107
Kala 18 6 91 115
Mana Ahmadani 39 6 65 110
Mor Jhangi 4 4 96 104
Total (change wise) 118 (27%) 21 (4.8%) 297 (68.1%) 436

Source: author’s own
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Appendix III: Wealth Index categories as per 
landholdings

Following the methodology used by Vyas and Kumaranayake (2006), the Wealth Index was developed using 
the Principal Components Analysis (PCA). PCA helps in the identification of small uncorrelated variables in a 
large dataset, defines their relationship, summarises the data and prevents loss of even minute information 
(Devkota et al., 2014; Filmer and Prittchet, 2001). PCA can be mathematically represented as follows:

Where, xm and sm are the mean and standard deviation of asset xm , and φ is the 
weight for each variable.  

This division of data creates weighted components or factors that allow for interpretation of smaller 
components from large datasets. The table below highlights the variables used for the construction of the PCA, 
which includes land ownership, regular household items and access to irrigation facilities.

Descriptive Statistics
Mean Std. Deviation

Small farmer 0.43 0.495
Medium farmer 0.11 0.313
Large farmer 0.23 0.424
Tractor 0.33 0.47
TV 0.48 0.5
Radio 0.16 0.368
Phone 0.57 0.496
Smartphone 0.39 0.487
Computer 0.06 0.245
Canal water 0.55 0.498
Use tube-well 0.95 0.209
Own tube-well 0.85 0.361
Bank account 0.34 0.476
Weather information 0.64 0.479
Educated 0.89 0.31
Income diversification 0.58 0.493
Land ownership 0.77 0.421
Acres 0.69 0.111

Source: author’s own
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Total Variance Explained
Initial Eigen value sa Extraction Sums of Squared Loadings

Component Total % of 
Variance

Cumulative 
%

Total % of 
Variance

Cumulative 
%

1 764.883 99.638 99.638 2.47 13.724 13.724
2 0.425 0.055 99.694
3 0.345 0.045 99.739
4 0.321 0.042 99.78
5 0.25 0.033 99.813
6 0.227 0.03 99.843
7 0.212 0.028 99.87
8 0.175 0.023 99.893
9 0.15 0.02 99.912
10 0.129 0.017 99.929
11 0.119 0.016 99.945
12 0.106 0.014 99.959
13 0.086 0.011 99.97
14 0.08 0.01 99.98
15 0.067 0.009 99.989
16 0.048 0.006 99.995
17 0.038 0.005 0.005
18 4.60E-16 5.99E-17 100

Source: author’s own

Source: author’s own
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Appendix IV: Indicators used for construction of 
the Vulnerability Index

Proxy variables Functional relationship with vulnerability
Exposure to climate change13

Frequency of floods Vulnerability ↑with the ↑in frequency of the event
Frequency of droughts Vulnerability ↑with the ↑in frequency of the event
Frequency of heat wave Vulnerability ↑with the ↑in frequency of the event
Frequency of monsoon variability Vulnerability ↑with the ↑in frequency of the event
Frequency of hailstorm Vulnerability ↑with the ↑in frequency of the event

Sensitivity to climate change

Number of male and female labourers in agricultural 
lands

Vulnerability ↑with the ↑ in number of labourers

Number of farmers affected by floods, droughts, heat 
stress, monsoon variability and hailstorm

Vulnerability ↑with the ↑ in number of farmers affected 
by climate events

Number of people dependent on canal water for 
irrigation

Vulnerability ↑with the ↑ in number of farmers using 
canal water

Adaptive capacity of the farming household

Level of education of the respondents Vulnerability ↓with the level of education
Highest level of education at the household level Vulnerability ↓ with the ↑ highest  level of education
Livelihood diversification Vulnerability ↓ with access to off farm employment
Wealth status Vulnerability ↓ with the level of wealth
Access to financial resources Vulnerability ↓ with the access to financial resources
Access to weather updates Vulnerability ↓ with the access to weather updates
Early warning Vulnerability ↓ with early warning

Source: author’s own

13 Perception-based climate data (number of climate events experienced in the past 10 years) is used to calculate exposure
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Appendix V: Methodology for construction of 
Vulnerability Index

After selecting the proxy variables for Exposure, Sensitivity and Adaptive capacity (Appendix IV), the variables 
were normalised based on their functional relationship with vulnerability, using min-max normalisation (Iyengar 
and Sudarshan, 1982). In case of a positive relation (for example, vulnerability vs. exposure and adaptive 
capacity), Equation 1 was used; whereas, Equation 2 was used in case of a negative relationship (for example, 
vulnerability vs. adaptive capacity). 

Where, Xij denotes the value of indicator j  (j=1,2,3…n) in the i village (i=1,2,3…n) and Yij is the normalised 
score. The normalised values lie between 0 and 1. 

In the next step, equal weights were assigned to each indicator using simple average of the normalised score, 
and Vulnerability Index was obtained using Equation 3:

Where, Xij, Yij and Zij are indicators used as proxy variables for sensitivity, exposure and adaptive capacity. The 
vulnerability score obtained indicates the comparative vulnerabilities across various households. In order to 
obtain a score based on each UC, the sum of individuals was aggregated in a particular UC. The final score 
for each UC explains the level of vulnerability of people residing in a particular UC. The same was done in case 
of vulnerabilities based on the size of landholdings. UCs and landholders were, then, ranked based on the 
vulnerability score. The first rank represents extreme vulnerability, whereas, vulnerability decreases as one goes 
up (5th rank = lowest vulnerability). 
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