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This special issue of “Earth Systems and Environment” is 
being presented at a time when awareness of the subject 
matter, i.e. climate change, is on the rise not only among the 
masses but also in the policy corridors in Pakistan.

Even though it contributes less than 1% of all global 
Green House Gas (GHG) emissions, Pakistan is one of the 
countries in the world which are most affected by climate 
change. In the past 20 years, the country has been hit by 
frequent and devastating floods, recurrent heat waves, a pro-
longed drought, erratic weather patterns leading to lowered 
agricultural productivity, emergence of new diseases, and 
the looming threat of desertification due to the recession of 
the Himalayan glaciers. Future global warming is likely to 
exacerbate all these impacts.

According to Germanwatch’s Global Climate Risk Index,1 
Pakistan is at the 7th position in the world among countries 
most affected by climate change in the 20 years from 1997 
to 2016. During this period, the country experienced 141 
extreme weather events—such as cyclones, storms, floods, 
Glacial Lake Outburst Floods (GLOFs) and heatwaves—
leading to the loss of 10,462 lives and economic losses 
worth US $3.8 billion (equivalent to 0.605% of the GDP in 
the 20 years period).

Like many other developing countries, coping with cli-
mate change is also a development-related challenge for 
Pakistan. Energy is the driver of economic growth as well 
as human development. It is impossible for developing coun-
tries to maintain their growth momentum without expanding 

their available energy resources. The impacts of global 
warming mentioned above, combined with changes in the 
economic and financial environment, are likely to adversely 
affect the development momentum. One major concern is 
the potential adverse impact of climate change and global 
climate policies on energy costs in Pakistan. Conventional 
and fossil fuel-based energy will gradually have to be phased 
out, and reliance on newer and more sustainable forms of 
energy (e.g. solar, wind, bio-energy) as well as hydro and 
nuclear sources will be the need of future.

Considering the country’s high vulnerability to climate 
change, it is imperative to have strong science-based evi-
dence, not only for the purpose of climate change mitiga-
tion and adaptation but also for the formulation of a holistic 
development policy. Given this context, the Science-Policy 
Conference2 on Climate Change (18–20 December 2017) 
was organized to (see Footnote 2)

1. Enhance scientific understanding of the changing cli-
mate and associated impacts on socio-economic sectors.

2. Develop policy recommendations to address the chal-
lenges affecting Pakistan’s development.

3. Promote coordination among researchers and institutions 
working on different aspects of climate change in Paki-
stan and facilitate their collaboration with international 
scientists and experts engaged in similar research activi-
ties.

4. Encourage sharing of knowledge and best practices on 
adaptation and mitigation strategies, including capacity 
building of national institutions and experts.

The conference was organized by the Global Change 
Impact Studies Center (GCISC) and attended by more 
than 700 delegates representing international and national 
research organizations, academia, government, media, law, 
parliamentarians, and civil society.

Some of the following text is also repeated in the website of the 
Science-Policy Conference on Climate Change. See http://sp3c.
org.pk.
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The conference (see Footnote 2) included five parallel 
research workshops on the themes of

(a) Climate science.
(b) Climate and water.
(c) Agriculture and food security.
(d) Impacts and adaptation.
(e) Mitigation and policy.

The purpose of these workshops was to allow researchers 
to present the latest research on these areas.

The best research studies were selected by the confer-
ence (see Footnote 2) scientific committee for submission 
to this special issue. After a thorough peer-review process, 
we have selected the articles presented in thisspecial issue. 
They provide an informative insight into key aspects of the 
above-mentioned issues, especially the prospect of future 
heat waves, based on climate modeling, and the impacts of 
climate change on migration, business value chains, human 
well-being, security, and gender.

It is hoped that the articles included in this special issue 
will enhance scientific knowledge and awareness of a range 

of issues related to climate change. These articles will also 
provide an information base for the work to be undertaken in 
the sixth assessment cycle of the IPCC (Intergovernmental 
Panel on Climate Change) and its associated reports. Finally, 
this may provide an opportunity for Pakistan to highlight 
its extreme climate vulnerability on international forums 
like the United Nations Framework Convention on Climate 
Change (UNFCCC). Such international exposure may fur-
ther help to effectively portray its case, and also increase 
pressure on the developed countries to adopt meaningful 
policies and measures to fight the menace of climate change.

We hope that the readers of this special issue will find it 
both informative and useful.
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Creative Commons license, and indicate if changes were made.
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Abstract
Heat waves are one of the extreme weather events affecting as many people as with other climatic hazards such as droughts 
and floods. Due to rise in global temperatures, the occurrences of heat waves are likely to exacerbate in many regions in 
future. The projections for future heat waves over Pakistan are analyzed in this study. The heat waves calculation has been 
done using the latest NASA Earth Exchange Global Daily Downscaled Projections (NEX-GDDP) data set which composed 
of 21 Global Climate Models (GCMs) statistically downscaled at 0.25° × 0.25° spatial resolution. The heat waves analysis 
is done with ensemble modelling approach and using two definitions of heat waves: the Heat waves Duration Index (HWDI) 
and fixed method approach. Two climate change scenarios; RCP4.5 and RCP8.5 are used for investigating future heat wave 
projections. The historical heat waves are calculated from 1976–2000 and future projected changes are analyzed in three 
25 year time spans: 2025–2049, 2050–2074 and 2075–2099. Two metrics heat wave events and heat wave days are separately 
shown. The results indicate an increase in both number of heat wave events and heat wave days in Pakistan. The most vulner-
able areas for future heat waves are northern areas, plains of Sindh and Punjab, the central and western parts of Baluchistan, 
and all regions of Khyber Pakhtunkhwa (KPK). The increased number of heat waves in northern areas of the country could 
result in rapid snow melting and can cause flooding downstream. The agricultural regions of the country would be highly 
vulnerable to increasing number of heat waves.

Keywords Heat waves · NEX-GDDP · Climate Change · HWDI · GCMs

1 Introduction

Heat waves are extreme events that can cause a significant 
impact on human health, environment and ecosystem (Wel-
bergen et al. 2008; Karoly 2009). There has been an increase 
in the occurrences and intensity of heat waves in many parts 
of the world since 1950 (Perkins et al. 2012). The repercus-
sions of climate change are likely to increase the intensity 
and duration of heat waves in future (Field et al. 2012; Cou-
mou and Rahmstorf 2012). Heat waves have serious impli-
cations for human health. A careful study of 1949 cases of 
cities affected with heat waves shows a higher mortality 
associated by rise in temperature (Mora et al. 2017). Urban 
communities and ecosystems are adversely affected by heat 
waves due to urban heat island effect (Depietri et al. 2012). 
Some of the worst heat waves in past include the 2003 Euro-
pean heat waves which resulted in more than 70,000 deaths 
(Robine et al. 2008). The heat wave in Russia in 2010 has 
caused around 11,000 deaths (Shaposhnikov et al. 2014). 
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An estimated 400 people died in California, US in 2006 
heat waves (Ostro et al. 2009). In India, 1500 people died in 
2013 and 2500 people died due to intense heat waves in 2015 
(Mazdiyasni et al. 2017). Pakistan has experienced a severe 
heat wave in June 2015. More than 1300 people died in that 
heat wave event in Karachi in June 2015 (Saeed et al. 2016).

Heat waves are generally defined as period of extremely 
high temperatures that can last up to several consecutive 
days. Though there is no unique definition of heat wave, 
some indices have been developed for measurement of 
heat waves. One such index is Heat Wave Duration Index 
(HWDI). HWDI is defined as a period of at least six con-
secutive days when daily maximum temperature exceeds the 
mean maximum temperature by 5 °C, and is termed as one 
heat wave event (Frich et al. 2002). This index is suited well 
to the geographic extent of Pakistan. Pakistan lies in the 
subtropical region with warmer temperatures in the southern 
half of country and there has been a rising trend in tempera-
ture in northern areas (Sheikh et al. 2009). We have used 
HWDI to represent two metrics of heat waves, one is the 
number of heat wave events and other is the number of heat 
wave days. The other definition used in the study is fixed 
method and is based on fixed threshold of 45 °C; i.e., if the 
temperature ≥ 45 °C for five consecutive days or more than 
it is termed as one heat wave event (Zahid and Rasul  2012).

Today climate models are considered to be the most 
sophisticated tools for projecting the future climate under 
different greenhouse gas scenarios (Almazroui et al. 2016; 
Almazroui et al. 2017). In one such study using climate 
modeling data, the risks of future heat waves with a mor-
tality rate in the eastern United States are studied by (Wu 
et al. 2014) and have concluded an estimated 1403 and 3556 
deaths per year under RCP4.5 and RCP8.5, respectively. The 
risk of high mortality rates with climate change scenarios 
and adaptation strategies is studied by Anderson et al. (2016) 
in 82 US communities. They have presented that at least 
seven high mortality heat waves are expected in 2061–2080 
under RCP8.5 compared to RCP4.5. The changes in future 
heat waves projections over Europe are studied by (Jacob 
et al. 2014) using EURO Cordex climate modeling setup. 
Their results indicate an increase in number of heat waves 
in Europe by the end of this century.

Pakistan is home to more than 200 million people and is 
higly vulnerable to the impacts of climate change. There has 
been an increase in mean maximum temperature of Paki-
stan during 1961–2007 (Zaman et al. 2009). The southern 
Punjab, north eastern and coastal areas of Sindh are vulner-
able to increased summer heat index which poses serious 
health implications (Zahid and Rasul 2010). Heat waves are 
likely to affect both urban and rural communities in Paki-
stan as well as key economic sectors such as agriculture and 
livestock (Saeed et al. 2016). Despite a critical issue, very 
few studies have been done on heat waves in Pakistan. Only 

two studies have been published in peer-reviewed journals 
(Zahid and Rasul 2012) and Saeed et al. (2017a). In the 
first study, Zahid and Rasul 2012 have studied the histori-
cal heat waves in Pakistan using observed stations data and 
have concluded an increase in the magnitude of heat waves 
in Pakistan during the period of 1961–2009. The other study 
which is the only work on future projections of heat waves 
over Pakistan is done by Saeed et al. (2017a). Utilizing three 
regional climate models (RCMs) and RCP8.5 concentration 
pathway, they have presented the first heat waves projections 
for Pakistan. The study has also projected the future heat 
waves for summer and winter months separately. Two meth-
ods, fixed approach and relative approach, were used in the 
study. Fixed approach was defined for a count of days with 
maximum temperature exceeding 45 °C for five consecutive 
days and relative method with number of days when daily 
maximum temperature is greater than mean maximum tem-
perature by 5 °C for consecutive 5 days. An increase in heat 
waves has been projected by all three regional models over 
Pakistan and also by the ensemble of these models.

Although Saeed et  al. (2017a) used high resolution 
regional climate models, however, the number of climate 
models was limited to only three. In order to obtain robust 
results, it is recommended to use ensemble of higher num-
ber of climate models in order to obtain the robust results 
suitable for policy making (Almazroui et al. 2017b; Saeed 
and Athar 2017; Knutti 2008; Madadgar and Moradkhani 
2014). In the current study, we have presented a multi-model 
ensemble of NEX-GDDP data set to calculate future projec-
tions of heat waves under RCP4.5 and RCP8.5 concentration 
pathways. NEX- GDDP data set is bias corrected statisti-
cally downscaled at 0.25° × 0.25° resolution and composed 
of output of coupled model intercomparison project phase 
5 (CMIP5) derived 21 GCMs. Pakistan being an agrarian 
country is largely dependent on agriculture productivity and 
heat waves have a profound effect on crops (Mueller et al. 
2014).

2  Study Area

Pakistan has one of the steepest gradients in the world. 
HKH (Hindukush–Karakoram–Himalaya (HKH) mountains 
encompass the Northern and Western border of the country. 
The geographic area can be divided into northern highlands, 
alluvial plains of Indus River and Baluchistan plateau. The 
longitudinal axis is 61°–78° and latitude is 23°–38°. There 
is a great spatial variation of climate in Pakistan. The south-
ern part of the country has generally hot and dry climate, 
whereas high altitudes snow covered northern areas have 
cold climate. Some parts of northern areas experience hot 
summers as well and temperatures in those areas reach as 



439Centennial Heat Wave Projections Over Pakistan Using Ensemble NEX GDDP Data Set  

1 3

high as 40 °C. Figure 1 represents the topographic map of 
Pakistan.

3  Data and Methodology

The definitions used in this study require daily maximum 
temperature for heat wave calculations. Daily maximum 
temperatures used in this study are obtained from NEX 
GDDP data set (Thrasher et al. 2012; dataset URL: https 
://nex.nasa.gov/nex/proje cts/1356/). NEX-GDDP data set 
consists of global daily downscaled projections for two 
emission scenarios RCP4.5 and RCP8.5 and is based on 21 
GCMs statistically downscaled at 0.25° × 0.25°. The data 
set is available from 1950–2100 with historical observa-
tions from 1950–2005 and projections from 2006–2100. The 
downscaled data set is derivative of 21 GCMs (as shown in 
Table 1) under CMIP5.

The climatology of ensemble NEX-GDDP data set is 
first compared spatially with observed data set to ensure 
the validity of the ensemble. A comparison of simulated 
and observed number of heat waves events is done for both 

definitions. The changes in daily maximum temperatures 
are shown spatially for future projections 2025–2049, 
2050–2074 and 2075–2099 and are represented as dif-
ference from baseline period 1976–2000. Historical heat 
waves are then calculated for baseline period (1976–2000) 
and the future heat wave projections are similarly divided 
in 25-year time slices from 2025–2099, i.e., 2025–2049, 
2050–2074 and 2074–2099. The HWDI first calculates 
the average maximum temperature at each of the grid 
points for baseline period; then, based on daily maximum 
temperature for any time span, it calculates the number 
of events where daily maximum temperature exceeds the 
average maximum temperature by 5 °C for at least six 
consecutive days. The HWDI is calculated separately for 
all GCMs. An ensemble median of HWDI for all GCMs 
is plotted as difference of future time spans from baseline 
period. The heat wave analysis is done for JJAS (June, 
July, August, and September), DJFM (December, January, 
February, March) and AM (April, May). Similar meth-
odology is followed while making calculations for fixed 
method. HWDI is used for the analysis of JJAS and DJFM 
similar to Saeed et al. (2017a) and fixed method is used 

Fig. 1  Topography of Pakistan along with four provinces, i.e., Sindh, Baluchistan, Punjab and KPK and other administrative units Gilgit Bal-
tistan, Azad Kashmir and FATA 

https://nex.nasa.gov/nex/projects/1356/
https://nex.nasa.gov/nex/projects/1356/
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Fig. 2  Ensemble mean of maximum annual, summer and winter temperatures (°C) over Pakistan averaged over the years 1976–2000 against 
CRU data. Top row shows CRU and bottom row shows Ensemble GCMs

Table 1  21 GCMs of NEX-GDDP dataset (Source: Thrasher et al. 2012)

Id Name Country Id Name Country

1 Access 1-0 Australia 12 INMCM4 Russia
2 BCC-CSM 1-1 China 13 IPSL-CM5A-LR France
3 BNU-ESM China 14 IPSL-CM5A-MR France
4 CanESM2 Canada 15 MIROC-ESM Japan
5 CCSM4 US 16 MIROC-ESM-CHEM Japan
6 CESM1-BGC US 17 MIROC5 Japan
7 CNRM-CM5 France 18 MPI-ESM-LR Germany
8 CSIRO-MK3-6-0 Australia 19 MPI-ESM-MR Germany
9 GFDL-CM3 US 20 MRI-CGCM3 Japan
10 GFDL-ESM2G US 21 NORESM1-M Norway
11 GFDL-ESM2M US
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for the analysis of AM and JJAS since the temperature 
remains less than 45 °C during DJFM. The trend analysis 
is done using Mann–Kendal trend test and the range of 
21 GCMs showing number of heat wave events and days 
for HWDI is represented with box plots.

4  Results

Figure 2 shows the maximum annual, summer and winter 
temperatures of NEX-NASA GDDP data compared with cli-
mate research unit (CRU). CRU is a Global gridded data set 
and is based on observed stations data. The spatial resolution 
of CRU data is 0.5° and for comparison the resolution of 
CRU data is regrided to 0.25° to match with the NEX-GDDP 
data set resolution. The results show a close proximity of 
ensemble models with CRU data. A distinctive pattern of 
low temperatures over higher elevations of HKH mountains 
as compared to the plains is obvious from Fig. 2. Moreover, 
summer temperatures are characterized by very higher tem-
peratures over Indus plains. The comparison of number of 
heat wave events shown by simulation and observed data is 
represented in Figs. 3 and 4. Here, we have used daily maxi-
mum temperature data from EWEMBI (E2OBS, WFDEI 

and ERAI data Merged and Bias-corrected for ISIMIP) as 
proxy for observed data (Frieler et al. 2016). The resolution 
of EWEMBI data set is 0.5°. The results show that NEX-
GDDP has shown consistent spatial patterns compared to 
observed heat waves; however, the magnitude of number of 
heat wave events has shown variation. The EWEMBI data 
show more spatial coverage of heat waves in fixed approach 
(Fig. 3) and higher number of heat wave events compared to 
NEX-GDDP for HWDI (Fig. 4).  

Changes in daily maximum temperature for AM, JJAS, 
ON and DJFM under RCP4.5 for different time spans 
2025–2049, 2050–2074 and 2075–2099 are presented in 
Fig. 5. A maximum increase in temperature can be observed 
in all time spans and for each month’s classification. It is 
interesting to note that the northern half of the country (char-
acterized by snow and glaciers in its northern most extent) 
in general has shown higher increase in the maximum tem-
perature as compared to the southern half. Moreover, in 
DJFM and AM, the increase over the fertile Indus plains 
remains higher than the other months. The changes in first 
time span, 2025–2049, are under 2.25 °C for all months, 
3.25 °C change in 2050–2074 and maximum rise of 4 °C is 
observed towards the end of century. As mentioned earlier, 
RCP4.5 is a moderate emission scenario with the control on 

Fig. 3  Number of heat wave events based on EWEMBI and Ensemble NEX-GDDP GCMs using fixed method
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greenhouse gas emission likely to achieve towards the mid 
of 21st century.

Figure 6 shows the daily maximum temperature change 
for RCP8.5. As RCP8.5 is high emission scenario with 
global greenhouse gases likely to increase towards the end 
of century, therefore, a similar pattern to Fig. 5 (RCP 4.5) is 
observed but with higher magnitude of change. Once again, 
the northern areas have shown higher increase in JJAS than 
the southern region. The results show a maximum increase 
of 2.75 °C in 2025–2049, 4.75 °C in 2040–2069 and highest 
increase of 6 °C towards the end of century.

4.1  Changes in Heat Wave Events Fixed Method

The fixed approach has been used to calculate heat waves 
for the months of AM and JJAS. The temperatures in these 
months often reach 45 °C in Punjab and Sindh. Figure 7 
shows the projected number of heat wave events for AM for 
both scenarios. The maximum concentration of projected 
heat wave events lies in Southern Punjab and eastern Sindh 
with maximum number of heat waves events reaching 45. 
In the central and upper Punjab, some areas of KPK and 
western Baluchistan also show increasing trend towards the 
end of this century.

Figure 8 represents heat wave events for JJAS. The higher 
number of heat waves is projected to be in central Punjab, 
upper Sindh and upper and western Baluchistan. The maxi-
mum number of heat waves projected would be more than 50 
in these regions. The Punjab is densely populated province 
of Pakistan and also constitutes the highest population of the 
country. The risks of mortality associated with heat waves 
would be higher in these regions.

4.2  Changes in Heat Wave Events HWDI

The temperature threshold of 45 °C is too high to cover the 
climatic extent of entire Pakistan for heat wave analysis. 
Therefore, in this section HWDI is used which calculates 
number of heat waves based on the long-term climatology of 
each grid point. Figure 9 represents the heat wave events for 
JJAS. The northern areas of the country show more number 
of heat waves than the southern half. The maximum number 
of heat waves in northern areas in RCP4.5 in last time span 
is found to be 65 whereas in RCP8.5 the number goes to 100 
heat waves. The spatial pattern of heat waves in RCP8.5 is 
consistent with the earlier study of Saeed et al. (2017a). In 
northern areas, the melting of snow due to high temperatures 
can affect the glaciers which sustain the water resources of 

Fig. 4  Number of heat wave events based on EWEMBI and Ensemble NEX-GDDP GCMs using HWDI
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Fig. 5  Changes in daily maximum temperature (°C) between future time spans 2025–2049, 2050–2074 and 2074–2099 and baseline period 
1976–2000 for AM, JJAS, ON and DJFM for RCP4.5
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Fig. 6  Changes in daily maximum temperature (°C) between future time spans 2025–2049, 2050–2074 and 2074–2099 and baseline period 
1976–2000 for AM, JJAS, ON and DJFM for RCP8.5
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the country. The rapid melting of glaciers can lead to glacial 
lake outburst floods (GLOF) also and can create significant 
damage due to floods.

Figure 10 represents heat waves for DJFM. The results 
show an increased number of heat waves in Punjab and 
Sindh province in middle and last time spans with consist-
ent increase in both scenarios. Wheat is the major crop of 
the winter season and also supports the large agriculture 
economy of the country. The fertile lands of Punjab and 
Sindh are mainly cultivated with wheat crops in winter. This 
increase in winter time heat waves may impact the produc-
tion of wheat, hence having negative repercussions for the 
agrarian economy of the country.

4.3  Changes in Heat Wave Days HWDI

This section details the number of heat wave days that are 
represented by HWDI in JJAS and DJFM. The heat wave 

days are the number of days which correspond to the heat 
wave events shown earlier. One heat wave event consists 
of at least six consecutive days; the total number of days in 
each of these events is discussed in this section.

The number of heat wave days varies from 50 to 650 
for JJAS under RCP4.5 and 50 to 1600 days with RCP8.5 
(Fig.  11). As discussed by Saeed et  al. (2017a), the 
1600 days means an average increase of 64 days per year. 
The increase in number of days is consistent with the higher 
number of heat wave events shown in Fig. 6. The northern 
areas of the country show a higher number of heat wave days 
compared to the southern half and are a great threat for the 
health of snow packs and glaciers. The number of days in 
middle and last time span in RCP8.5 in Punjab varies from 
250 to 1250 days roughly making it 10 to 50 days each year 
in these time spans. Any such day could lead to the chances 
of mortality during these months.

Fig. 7  The multi-model median of changes in number of heat wave events for time spans, 2025–49, 2050–74 and 2075–99 as differences from 
the reference period 1976–2000 for AM using fixed method. Top row shows RCP4.5 and bottom row shows RCP8.5
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A much higher number of heat wave days could be seen in 
DJFM (Fig. 12). The maximum number of heat wave days in 
RCP4.5 is projected to be 550 and 1750 days with RCP8.5. 
The agriculture areas of Sindh and Punjab would be severely 
affected as heat waves would increase irrigation demand for 
winter crops. Sindh and southern Punjab are already drought 
prone areas; the concurrence of heat waves and droughts 
could impact the socio-economic activities of these regions.

4.4  Trend Analysis and Box Plot

The trend analysis has been done with the non-paramet-
ric Mann-Kendal (MK) trend test. The MK test gives a 

monotonic trend in the data. The MK test shows a significant 
trend in number of heat wave days and events at p value less 
than 0.05 significance level. The test has been evaluated for 
HWDI for both JJAS and DJFM. Table 2 shows the trend 
statistics of MK test.

The range between the 21 GCMs for number of heat wave 
events and days has been shown with the box plot. The box 
plot shows the variation in the data set with minimum and 
maximum values represented by the lines extending from the 
box and the bottom and top edge of the box gives the values 
of lower and upper quartile. The dashed line in the center is 
median value and symbol inside the box is the mean of data 
values. Figures 13 and 14 show the box plot for number of 

Fig. 8  The multi-model median of changes in number of heat wave events for time spans, 2025–49, 2050–74 and 2075–99 as differences from 
the reference period 1976–2000 for JJAS using fixed method. Top row shows RCP4.5 and bottom row shows RCP8.5
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heat wave events and days for JJAS calculated for HWDI 
and Figs. 15 and 16 represent box plot for DJFM for HWDI.

5  Summary and Conclusion

Based on a comprehensive analysis of 21 GCM’s data for 
two RCP scenarios obtained from NASA Earth Exchange 
Global Daily Downscaled Projections (NEX-GDDP), we 

evaluated heat wave projections over Pakistan. The study 
shows an overall increasing trend, both in terms of total 
number of heat wave events as well as number of heat wave 
days in future. This projected increase in temperatures and 
subsequently heat waves in northern areas is also consistent 
with the findings of Burhan et al. (2015) and Saeed et al. 
(2017a).

Fig. 9  The multi-model median of changes in number of heat wave events for time spans, 2025–49, 2050–74 and 2075–99 as differences from 
the reference period 1976–2000 for JJAS using HWDI. Top row shows RCP4.5 and bottom row shows RCP8.5
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The results towards the end of the century (2075–2099) 
showing the maximum number of heat wave events using 
fixed approach in AM are 45 and JJAS are 50; the maximum 
number of heat wave events with HWDI in JJAS is 65 with 
RCP4.5 and 100 with RCP8.5, in DJFM 50 events under 
RCP4.5 and 110 with RCP8.5; the maximum number of heat 
wave days in JJAS is 650 days with RCP4.5 and 1600 with 
RCP8.5 and in DJFM the heat wave days are found to be 550 
in RCP4.5 and 1750 with RCP8.5.

The projected increase in number of heat waves in north-
ern areas also poses risk of flooding in Pakistan due to rapid 
snow melting. Pakistan is already vulnerable to such events; 

e.g., in 2005 flooding in Pakistan is attributed to the melting 
of snow in Kabul and Indus rivers which severely impacted 
the summer time crop production of the country (Saeed et al. 
2017). Besides flooding, the agriculture sector of the country 
is also sensitive to direct impact of the heat waves. In their 
study over Pakistan, Mueller et al. (2014) found that not 
only the summer, but also the winter crops are sensitive to 
the heat waves. The increased number of heat waves during 
summer season has severed repercussions to human health 
and well-being.

Heat waves also have indirect effects which cannot 
be ignored. For example, Saeed et al. (2016) studied the 

Fig. 10  The multi-model median of changes in number of heat wave events for time spans, 2025–49, 2050–74 and 2075–99 as differences from 
the reference period 1976–2000 for DJFM using HWDI. Top row shows RCP4.5 and bottom row shows RCP8.5
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Fig. 11  The multi-model median of changes in number of heat wave days for time spans, 2025–49, 2050–74 and 2075–99 as differences from 
the reference period 1976–2000 for JJAS using HWDI (days). Top row shows RCP4.5 and bottom row shows RCP8.5

impact of winter time heat waves on rural to urban migra-
tion and found a positive link. Winter time heat wave 
results in crop production loss, which in turn results in 
the rural to urban migration causing unplanned rapid 
urbanization. This further enhances the urban heat island 
effects resulting in the severity of urban heat waves. In 
June 2015 Karachi, which hosts around 20 million people, 
witnessed sever heat wave resulting in deaths of more than 

1200 people. Therefore, the increase in heat waves poses 
not only environmental but also the developmental chal-
lenges for the country. Pakistan is already vulnerable to the 
impacts of climate change. The results presented in this 
study are of utmost importance in devising policy recom-
mendations and adaptation strategies to combat the impacts 
of heat waves in future.
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Fig. 12  The multi-model median of changes in number of heat wave days for time spans, 2025–49, 2050–74 and 2075–99 as differences from 
the reference period 1976–2000 for DJFM using HWDI (days). Top row shows RCP4.5 and bottom row shows RCP8.5

Table 2  MK test statistics Seasons Z S M–K τ Significance level

JJAS RCP4.5 Events 57.006 6.73E + 06 0.5634 p < 0.05
Days 74.805 9.00E + 06 0.7132

RCP8.5 Events 79.874 9.55E + 06 0.7725
Days 80.381 9.62E + 06 0.7739

DJFM RCP4.5 Events 71.947 8.68E + 06 0.6864
Days 72.151 8.72E + 06 0.6799

RCP8.5 Events 76.228 9.20E + 06 0.7236
Days 81.137 9.80E + 06 0.7639
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Fig. 13  Box plot showing range 
of 21 GCMs for number of heat 
wave events for JJAS

Fig. 14  Box plot showing range 
of 21 GCMs for number of heat 
wave days for JJAS
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Abstract
Rural livelihoods in semi-arid Pakistan are increasingly exposed to climate impacts such as rising temperatures, erratic 
rainfalls and more intense and frequent climate-related extreme events. This is introducing new risks to the already vulner-
able and marginalised societies that lack development and have high poverty rates. This study uses the IPCC Livelihood 
Vulnerability Index (LVI) approach to analyse the determinants of household livelihood vulnerability defining vulnerability 
in terms of exposure, sensitivity and adaptive capacity. It also determines various adaptation responses that farmers apply 
and elucidates the reasons why some farmers choose not to adapt to climate change. It focuses on three semi-arid districts 
in Pakistan (Faisalabad, D.G. Khan and Mardan) and uses a sample of 150 rural agricultural households. As per the LVI 
scores, D.G. Khan is the most vulnerable district to climate change impacts, followed by Mardan and Faisalabad, respectively. 
Results show that (a lack of) adaptive capacity plays quite an important role in shaping households’ livelihood vulnerability 
for any given degree of exposure and sensitivity. Besides lower exposure and sensitivity to climate change, extremely low 
levels of adaptive capacity make Mardan more vulnerable to climate change compared to Faisalabad. The paper argues on 
people-centric development for rural areas through strengthening of agriculture sector as well as providing rural household 
opportunities for off-farm livelihoods.

Keywords Climate change · Vulnerability · Adaptation · Rural livelihoods · Semi-arid regions

1 Introduction

Rural areas are characterised by high dependence on agricul-
ture, low human development levels, low adaptive capacities 
and receive little attention from policymakers (Skoufias et al. 
2011; Dasgupta et al. 2014; Panthi et al. 2015). According to 
the IPCC Fifth Assessment Report (Dasgupta et al. 2014), 
climate change introduces grave implications for rural areas 
through a direct toll on rural livelihoods. Rural economies 
in semi-arid regions are primarily natural resource based. 
In this regard, rural livelihoods are shaped by complex 
political, economic, institutional and biophysical conditions 
(Abid et al. 2016). This implies that farmers’ livelihoods are 
affected by factors such as government policy on agriculture, 
the taxing structure, availability of extension programmes, 
subsidies, market structures, connectivity and infrastructure 

in addition to the characteristics of natural resources such as 
soil quality, fertility, and water availability (Belliveau et al. 
2006). Climate change and its impacts add another dimen-
sion by introducing risks that further complicate livelihood 
activities (Salik et al. 2015). These impacts may be pre-
sented through either a slow onset of climate/environmen-
tal changes affecting rural livelihoods,1 or through extreme 
events such as (amongst others) droughts, floods, and heat 
waves (Dasgupta et al. 2014).

The adverse impacts of climate change on farm-based 
livelihoods are manifested through shifts in cropping seasons 
and a loss in agricultural productivity (IPCC 2014). This not 
only translates into loss of income, but also exacerbates food 
insecurity among the rural population. Especially vulnerable 
are those households who are engaged in subsistence farm-
ing. Furthermore, climate extremes resulting in widespread 
destruction have livelihood consequences that may reso-
nate long after the event has passed. Through loss of lives,  * Ayesha Qaisrani 

 ayeshaaqaisrani@gmail.com; ayesha-qaisrani@sdpi.org

1 Sustainable Development Policy Institute (SDPI), Islamabad, 
Pakistan

1 Based on agriculture and ecosystems such as (amongst others) the 
natural trend of environmental degradation, population pressures and 
land use changes.
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property and livelihoods, people lose their human, physical, 
natural and financial capital that has long-lasting repercus-
sions on income and income-generating means (Gray and 
Mueller 2012; Ngwa et al. 2015). It is estimated that between 
2000 and 2005 alone, natural disasters led to a loss of about 
250 million livelihoods per year globally (Feron 2012, cited 
in Ngwa et al. 2015). The threats associated with climate 
change impacts may lock the already marginalised rural 
population in poverty traps as their livelihoods are exposed 
to additional risks, thereby perpetuating poverty, deprivation 
and livelihood insecurity (IPCC 2014; Ngwa et al. 2015).

In view of the enhanced vulnerability of semi-arid regions 
to climate change (IPCC 2014), this paper attempts to iden-
tify the key determinants of vulnerability in three semi-arid 
districts of Pakistan using an indicator-based approach. 
By providing a comparative vulnerability ranking for the 
selected districts, it also aims to encourage investment in 
adaptation strategies that are better suited to the needs of the 
population. This paper uses the IPCC-Livelihood Vulner-
ability Index for developing site-specific vulnerability scores 
that portray the unique aspects that determine districts’ vul-
nerability to climate change.

1.1  Rural Economy in Semi‑Arid Pakistan

Being primarily an agrarian country, 61% of the population 
of Pakistan lives in the rural areas and over 45% derives its 
income from agriculture (The World Bank 2015). However, 
Pakistan’s economy is transforming from agrarian and rural 
to a more industrial- and service-based economy, leading 
to a declining share of agriculture in the Gross Domestic 
Product (GDP) (GoP 2016). Despite the staggering agricul-
tural contribution to GDP, its importance cannot be denied 
in terms of the employment it generates. The rural livelihood 
profile of Pakistan shows that households’ livelihood activi-
ties are somewhat diverse, but the prime source of income 
is mostly agriculture (Irfan 2007; Hamid and Afzal 2013).

Women’s role in the rural economy is crucial, yet it 
goes largely unnoticed because of strong patriarchal norms 
(Samee et al. 2015). Rural women of all ages actively par-
ticipate in agricultural production, livestock rearing and cot-
tage industries. However, much of the work they perform 
is unpaid or underpaid and mostly ignored in public policy 
and development planning. Women are involved in farming 
during various stages such as seed bed preparation, weeding, 
and crop harvesting (Ishaq and Memon 2016), yet despite 
all their efforts, they are merely considered ‘helpers’ to their 
male family members and get little to no remuneration.

Pakistan, owing to its geographical location in arid and 
semi-arid zones,2 is expected to witness high temperatures 
as impacts of climate change make themselves more evident 
(Arif 2007; Hussain 2010; Abid et al. 2016). Afzaal and 
Haroon (2009) postulated in their study that the rate of area-
weighted annual temperature rise in Pakistan is speeding up. 
The rate of average annual temperature change was 0.2 °C 
between 1907 and 1945 per decade, which by 2007 had gone 
up to 0.53 °C per decade.3 In a comprehensive assessment, 
Salik et al. (2015) explain future climate trends in Pakistan 
based on country-specific climate scenarios. Using RCP8.54 
scenario, it was projected that during 2030–59, average 
annual temperature is expected to rise by 2 °C or slightly 
less in semi-arid regions (with base period 1970–1999), 
especially in the irrigated plains. Precipitation has the prob-
ability of declining in the monsoon belt, comprising the 
arid and semi-arid regions, however, uncertainty related 
to precipitation trends is high. Salik et al. (2015) project a 
decrease in average precipitation in the first half of the year 
(up to − 17%) and an increase in the second half of the year 
(up to + 12%). As agriculture is largely concentrated in the 
arid and semi-arid regions of Pakistan, these areas are the 
breadbasket of the country. In that sense, climate risks to 
these areas may affect the already discouraging state of food 
security in the country (Shah et al. 2005).

Semi-arid lands in Pakistan predominantly feature irri-
gated agriculture. However, in southern semi-arid districts of 
Pakistan such as D.G. Khan, agricultural farms are also irri-
gated through hill torrents (Dawn 2007). It is speculated that 
climate change would render river flows highly unpredict-
able due to increasingly early and rapid melting of glaciers. 
In some years, the increase in early melting of Hindu Kush 
Himalaya (HKH) glaciers will be coupled with monsoon 
period in the country, often leading to increased flooding 
in the rivers (Hasson et al. 2017). In other years, projec-
tions also show that delayed and decreased glacier melting 
may reduce river flows, thereby unfavourably affecting crop 
production (ibid.).

One fourth of the cultivable area of Pakistan suffers from 
wind and water erosion, salinity, inundation and water log-
ging (Irfan 2007). Agricultural productivity, particularly for 

2 About 70% of Pakistan’s geographic area can be characterised as 
semi-arid, receiving annual rainfall of about 250  mm (Alam 2000; 
Qaisrani 2015).
3 The area-weighted anomaly has been calculated using 1961–1990 
as base period.
4 The RCP8.5 combines assumptions about high population and rela-
tively slow income growth with modest rates of technological change 
and energy intensity improvements, leading in the long term to high 
energy demand and GHG emissions in absence of climate change 
policies. RCP8.5 thus corresponds to the pathway with the highest 
greenhouse gas emissions.
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winter crops such as wheat, often suffers due to heat waves 
(Qin et al. 2014; Saeed et al. 2015). A study by the Asian 
Development Bank (2012) observes that subsequent impacts 
of climate change may adversely affect the production of 
cereal crops in Pakistan. With the River Indus being the 
lifeblood of semi-arid regions, alternate periods of droughts 
(1999–2012) and floods (2010 onwards) have immensely 
increased the vulnerability of livelihoods based on river 
flows (Asian Development Bank 2012). The changing pat-
terns of monsoon rains increase the risk of flash-flooding in 
the hill-torrent zones of the country (Hussain 2010). As a 
result, extreme events have become more frequent and less 
predictable in the recent years (GoP 2013).

2  Literature Review

For any adaptation effort to be initiated in response to cli-
mate change impacts, vulnerability assessment is often the 
preliminary step. Fussel (2007) described three approaches 
to understand vulnerability of a system: (1) a risk-hazard 
approach that looks into the risk that a system experiences 
as a result of exposure to a particular hazard; (2) a social 
constructive approach that considers the socioeconomic 
dynamics which shape the ability of a system to respond to 
any shock; and (3) an integrated approach that combines the 
earlier two forms to integrate the hazard exposure as well as 
the socioeconomic capacity to respond to that hazard. These 
classifications are similar to the work of Turner et al. (2003) 
who classified vulnerability into three approaches: risk-
hazard model, pressure and release model and an expanded 
vulnerability model. Exploring climate change-related vul-
nerability finds its relevance in the integrated approach (Fus-
sel 2007; Adger 2006) or the expanded vulnerability model 
(Turner et al. 2003), both of which consider the synergies 
between the human and biophysical systems.

A number of vulnerability assessment frameworks have 
been utilised over the past decade that aspire to provide a 
metrics for quantifying vulnerability. Preston et al. (2011) 
gave a critical review of 45 vulnerability mapping studies 
through the context of (1) goals of assessment, (2) vulner-
ability framework used, (3) technical methodologies applied 
for assessing vulnerability and (4) users, beneficiaries and 
participants of the assessment activity. The review showed 
that a lack of consensus on the appropriate methodology and 
framework often leads to choice of methods based on ease of 
use rather than the effectiveness of the approach. According 
to the authors, the objective of conducting the vulnerability 
assessment directs the efficiency of the method used.

Although methods of vulnerability assessment may often 
be debated, studies focusing on vulnerability agree that 
exposure to risk, sensitivity to damage and the capacity to 
recover are essential elements of determining vulnerability 

(IPCC 2001; Cutter 2003; Adger et al. 2003; Hahn et al. 
2009; Shah et al. 2013 etc.). In the context of sustainable 
livelihoods, vulnerability assessment is often undertaken 
through an indicator-based approach. Adger et al. (2003) 
used an indicator-based approach to understand how various 
factors interact to explain vulnerability significantly. As per 
the conceptual framework developed by the authors, vulner-
ability cannot be defined in terms of singular indicators nor 
it is static; rather different factors combine differently in a 
specific context to determine a system’s vulnerability in a 
dynamic way.

Hahn et al. (2009) calculated livelihood vulnerability 
for two districts of Mozambique through two alternative 
methods: the Livelihood Vulnerability Index (LVI) and the 
IPCC–LVI. The authors used primary data collected at the 
household level. Both methods produced similar results 
related to the vulnerability status of the two districts. This 
methodology categorises incidence of natural disasters, cli-
mate variability, early warnings and monetary loss due to 
climate events under exposure; food, water and health condi-
tions under sensitivity; and socio-demographic, livelihood 
strategies and social networks under adaptive capacity. The 
study provides a practical approach to identify factors that 
play a significant role in explaining the vulnerability of the 
areas. The ad hoc selection of indicators can be debated, but 
at the same time, such a context-based choice of indicators 
actually proves to be helpful in capturing the local aspects 
that determine the districts’ vulnerability.

Hahn et al. (2009) have offered a replicable methodol-
ogy which has been used by many researchers to determine 
vulnerability in different contexts (e.g. Pandey and Jha, 
2012; Shah et al. 2013; Panthi et al. 2015, Adu et al. 2017, 
etc.). Pandey and Jha (2012) used the approach for two com-
munities in rural India in the Lower Himalayan region and 
provided a comparative analysis of the strengths of rural 
mountainous livelihoods. The study found that owing to the 
similar ecological settings, the difference in exposure and 
sensitivity between the two regions was offset, portraying a 
somewhat similar picture of overall vulnerability. Similarly, 
Shah et al. (2013) employed the Livelihood Vulnerability 
Index for the case of two rural communities in wetlands of 
Trinidad and Tobago. Apart from providing a community 
comparison, the study also compared vulnerability scores on 
gender basis and found that female-headed households are 
more vulnerable as per the index, compared to male-headed 
households. Panthi et al. (2015) applied the methodology 
for the case of agro-livestock owners in three ecologically 
different districts in Nepal. Besides throwing light on the 
site-specific determinants of vulnerability, the study found 
that a lack of income and livelihood diversification opportu-
nities is the prime causes of high vulnerability in all districts. 
Applying the same methodology for two communities in 
Ghana, Adu et al. (2017) identified that both regions had 
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different determinants of vulnerability. While the Wenchi 
community’s high vulnerability was due to high climate 
variability, high incidence of natural disasters and shortage 
of food and water (i.e. high exposure and sensitivity), low 
adaptive capacity in the Techiman region, primarily due to 
limited livelihood strategies, was the defining factor of vul-
nerability for this community.

Such index-based analyses have certain precedence over 
other methodologies that rely on secondary data as they are 
better designed to provide a localised viewpoint, giving con-
text-based insight for local needs and adaptation responses 
required. As vulnerability is a socially constructed subject 
(Hinkel 2011), studies based on primary data collection 
or those employing a mix of primary and secondary data 
are better posited to provide insight on socially determined 
drivers of vulnerability. This paper aspires to identify the 
determinants of livelihood vulnerability in three semi-arid 
districts of Pakistan and also aims to compare the scores 
to encourage investments on issue-oriented adaptation 
strategies.

3  Methods

The Third Assessment Report of the IPCC (2001) defines 
climate change vulnerability as:

The degree to which a system is susceptible to, or 
unable to cope with adverse effects of climate change, 
including climate variability and extremes. Vulnerabil-
ity is a function of the character, magnitude, and rate 
of climate variation to which a system is exposed, its 
sensitivity, and its adaptive capacity.

In its most simple form, vulnerability is the tendency to 
be adversely affected (Kelly and Adger 2000; IPCC 2001; 
Fussel 2007; Opiyo et al. 2014). Since the primary aim of 
this study is to understand vulnerability as an outcome, 
rather than as a factor that shapes an outcome (i.e. risk) 
(IPCC 2014), we consider vulnerability of a system within 
three components:

1. Exposure to a risk or a hazard.
2. Sensitivity to that risk or hazard.
3. Capacity to respond to that hazard either by coping, 

recovering or adapting from the situation (IPCC 2001; 
Smit and Wandel 2006; Reed et al. 2013).

These drivers of vulnerability differ according to geo-
graphic location, economic situation, socio-political scenar-
ios, psychological conditions, infrastructural development, 
institutional capacities as well as individual characteristics 
such as gender, age, health, and education (Zarafshani et al. 
2016).

This research applies the IPCC Livelihood Vulnerability 
Index to study the risks imposed by climate-related extreme 
events on agricultural households in semi-arid regions. The 
IPCC Livelihood Vulnerability Index offers a tested tech-
nique that has the ability to identify the determinants of 
vulnerability and at the same time possessing the capacity 
to compare scores among different units (Adu et al. 2017). 
It also allows contextualising the choice of indicators to the 
local scenario. The power of providing household level anal-
ysis is also a positive feature of this methodology (Adu et al. 
2017). We take guidance from work done by Hahn et al. 
(2009) and Panthi et al. (2015) and apply it to the specific 
context of semi-arid regions of Pakistan.

4  Computational Method

For computing the IPCC-Livelihood Vulnerability Index, we 
have categorised components of socio-demographic profile, 
livelihoods, health, social networks, food, water and natural 
disasters and climate variability into aspects exposure, sen-
sitivity and adaptive capacity (Hahn et al. 2009; Adu et al. 
2017). The data used in the computation of subcomponents 
have been measured at different scales, so it is essential to 
rescale/normalise data before measuring vulnerability index 
(Hahn et al. 2009). For this purpose, the min–max normali-
sation technique (Patro and Sahu 2015) has been applied 
using the following formula:

Here Sd is defined as the original value of a variable, and Smin 
and Smax reflect the minimum and maximum values of that 
variable, respectively.

In addition, to determine the internal validity of the iden-
tified variables, Chronbach’s Alpha Test was applied. With 
the test score of 0.675, it is drawn that the included variables 
are internally consistent.5 The balance weighted average 
approach was, then, applied (Beccari 2016) which provided 
equal weighted index for each sub-component.

Following the normalisation of variables, method of 
aggregation was employed to find out the values of expo-
sure, sensitivity and adaptive capacities using the following 
equation:

Indexsd =
Sd − Smin

Smax − Smin
.

CFd =

∑n

i=1
wPiPdi

∑n

i=1
wpi

.

5 Co-efficient values close to 0.70 or higher represent internal con-
sistency (Babin and Zikmund 2015).
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Here,  CFd is defined as the contributor factor such as 
exposure, sensitivity and adaptive capacity for each of the 
districts. The major components of each of the contributing 
factor are expressed by Pdi, weights of the components are 
expressed by wpi and n reflects the number of major com-
ponent in each of the contributing factors. All individual 
indicators were equally weighted. Using equal weights for 
constructing composite indices is the most popular method 
(Beccari 2016). Different weights for each proxy variable 
leave room for subjective value judgment as experts and 
researchers may give different value to variables (Hudr-
likova 2013). A weighted average was obtained for each of 
the major components as per the above equation. Follow-
ing that, IPCC–LVI formula, given below, was applied to 
combine the weighted averages to obtain scores for each of 
the districts (Deressa et al. 2008). IPCC–LVI ranges from 0 
(least vulnerable) to 1 (most vulnerable). The computations 
were conducted on the software titled Statistical Package for 
Social Sciences (SPSS).

To test the significance of difference in the values of indi-
cators, we applied sample t-test to the indicators comprising 
the index for all possible pairs of the three study sites (Adu 
et al. 2017; Salik et al. 2017). Majority of the indicators 
show significance difference among the indicators between 
the three sites. Table 5 in “Appendix” shows the p values of 
the differences in indicators between the sites.

This study presents a holistic picture of rural agricultural 
households’ vulnerability to climate change and climate 
extremes in three semi-arid sites of Pakistan. The research 
adopts a case study approach for each site to define its vul-
nerability in terms of exposure, sensitivity and adaptive 
capacity, while also throwing light on the adaptation strate-
gies available to the farmers. Table 1 presents the selection 
of indicators for these three components and provides their 
criteria for justification:

4.1  Study Sites and Data Collection

With respect to the focus on semi-arid regions in Pakistan, 
the study areas include two districts of Punjab (Faisalabad 
and D.G. Khan) and one district of Khyber Pakhtunkhwa 
(KP) (Mardan).6 Figure 1 shows the map of Pakistan with 
the study sites highlighted. Union Councils within the dis-
trict were purposely selected that had witnessed climate 
extreme events in the past:

1. UC 108 Rattar Chattar, Faisalabad.
2. UC 28 Kala, D.G Khan.

IPCC − LVI = (Exposure + Sensitivity) − Adaptive Capacity.

3. UC 34 Bala Garhi, Mardan.

These UCs were identified in consultation with subject 
expert stakeholders as well as by drawing on the knowledge 
of locals.

4.1.1  Faisalabad

Located in Central Punjab, District Faisalabad has a com-
paratively thriving economy compared to the other two 
study sites. More than half (52.2%) of the district’s popu-
lation resides in the rural areas (PBS 2018). Drawing on 
the descriptive facts from the survey, 64% of respondents 
in Faisalabad had diversified incomes. About 66% of the 
households were headed by individuals with at least second-
ary level education. Wheat is commonly grown as a win-
ter crop, cultivated by more than 90% of the respondents. 
During the summer season, sugarcane is the most popularly 
grown crop, often in combination with cotton or fodder. 
Farmers primarily cultivate winter and summer crops for 
the sale of products, while saving some portions of wheat for 
household consumption. In 10% households, women were 
actively involved in labour force activities. Working women 
in Faisalabad district were mostly salaried, engaged in gov-
ernment jobs (such as village school or local health clinic) 
as well as private jobs (including work as domestic help).

4.1.2  Khan

Located in South Punjab, the semi-arid district of D.G. Khan 
hosts 80.9% of its population in rural areas (PBS 2018). A 
descriptive analysis from the survey depicts that even though 
80% of the respondents rely on more than one source of 
income, agriculture is still the lifeline of their livelihoods. 
Wheat is the most popular winter crop grown in the district 
(harvested by 94% of the respondents) which is often cou-
pled with sugarcane as a secondary crop. In summers, cot-
ton is the most commonly harvested crop (grown by 68% of 
respondents) which is often grown in combination with rice 
and fodder. About 30% of the households surveyed had at 
least one female member active in the labour force. Majority 
of these women were involved in agriculture, i.e. managing 
livestock or helping their male household members in farm-
ing activities.

4.1.3  Mardan

Mardan is located in the Khyber Pakhtunkhwa (KP) prov-
ince of Pakistan. Majority population (81.5%) resides in 
rural areas (PBS 2018). As much as 82% of the house-
holds surveyed showed income flows from more than one 
stream, while the prime occupation remained agriculture. 
Most households had one or more members working as 6 For more details about site selection, refer to Salik et al. (2017).
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daily wage labourer in the non-farm sector. Only 18% of the 
household heads had education up to secondary school level 
or higher. Like the other two districts, the most commonly 
grown winter crop is wheat, while in summer cultivating 
maize is popular, sometimes in combination with rice. The 
main purpose of farming both summer and winter crops is 
for household consumption. Although female members of 
households in Mardan were better educated than women 
in D.G. Khan, none of them were actively participating in 
labour force activities.

The household survey intended to reflect on farmers’ 
perceptions and experiences related to climate change, 
agricultural risks they are exposed to, coping mechanisms, 
livelihood strategies and adaptation options being used. Data 
were collected during December 2016 and January 2017. 
The research sample constituted agricultural households, 
i.e. those households whose primary source of income is 
from the agriculture sector. In each district, 50 rural house-
holds were interviewed, regardless of their land ownership 
status. The respondents were household heads chosen ran-
domly among the agricultural households in the villages and 
consent was taken from them by giving a brief introduction 
regarding the purpose of the survey. As the target respond-
ents were household heads, the survey team mostly came 
across male respondents. However, females were involved 
through qualitative in-depth interviews to understand their 
lifestyle in the villages.

Secondary data were also used for estimating climate 
indicators. The study used average monthly data for tem-
perature and precipitation for the time period 1961–2014 
obtained from Pakistan Meteorological Department (PMD). 
Faisalabad and D.G. Khan districts have meteorological sta-
tions. However, due to the absence of any meteorological 
station in Mardan, data from the nearest meteorological sta-
tion of Risalpur were used, which is at a distance of 17 km 
from Mardan.

Key Informant Interviews (KIIs) were conducted with 
experts and government officials in district development 
and agriculture departments. The purpose of conducting 
these KIIs was to develop an understanding of the depart-
ments’ initiatives in addressing climate change, agriculture 
and migration concerns, as well as the challenges they face. 
In total, nine KIIs were conducted.

5  Results

5.1  Livelihood Vulnerability Index

Results of IPCC–LVI show varying levels of vulnerability 
experienced by farmers in the three study sites (Table 2). 
Figure  2 shows the vulnerability triangle for the three 
study sites. Detailed results of the subcomponents of the Ta
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IPCC–LVI for each of the study site are given in Table 4 in 
Appendix. The Index entails components reflecting the farm-
ers’ exposure to climate risks, their sensitivity to climate 
impacts and their levels of adaptive capacity that reflects 
their abilities to cope with climate shocks.

A composite score shows that D.G. Khan has the high-
est livelihood vulnerability (0.314), followed by Mardan 
(0.058). Faisalabad is the least vulnerable of the three dis-
tricts with a score of 0.019. D.G. Khan shows the highest 
levels of exposure and sensitivity, and is better than Mardan 
in terms of adaptive capacity. Despite being more exposed 
and sensitive to climate change than Mardan, Faisalabad 
has comparatively higher scores of adaptive capacity that 
decreases its overall livelihood vulnerability.

The prime factor leading to D.G. Khan’s higher sensitiv-
ity is the highest incidence of complete crop failure. All 
farmers who participated in the survey lost their standing 
crops during the floods of 2010 and 2011. In comparison, 
in both Faisalabad and Mardan, 70% of farmers experienced 
complete crop failure. D.G. Khan’s higher exposure is also a 
result of higher number of extreme hot months that it experi-
ences compared to the other two districts. The district has 
endured longer and more frequent dry spells which add to 
its higher exposure. The Index shows that loss in monetary 

Fig. 1  Map of Pakistan with study sites. Source: Authors’ own

Table 2  IPCC–LVI scores for Faisalabad, D.G. Khan and Mardan. 
Source: Authors’ own

IPCC–LVI Faisalabad D.G. Khan Mardan

Exposure 0.336 0.406 0.251
Sensitivity 0.382 0.412 0.274
Adaptive Capacity 0.699 0.504 0.467
IPCC–LVI 0.019 0.314 0.058

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
Exposure

Sensi�vityAdap�ve
capacity

Faisalabad

D.G Khan

Mardan

Fig. 2  Vulnerability triangle based on IPCC–LVI. Source: Authors’ 
own
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terms was also highest in D.G. Khan as a result of climate 
extreme events. Higher exposure of both, Faisalabad and 
D.G. Khan, is also explained by the higher level of variabil-
ity in precipitation and temperature that may reflect more 
intense impacts of climate change in these areas.

Similarly, D.G. Khan has the highest score for sensitivity 
(0.412) to climate change impacts, followed by Faisalabad 
(0.382) and then Mardan (0.274). More people in D.G. Khan 
(96%) do not have access to canal water for irrigating their 
agricultural lands compared to Faisalabad and Mardan. This 
percentage is generally low in Mardan, with only 16% farm-
ers without access to canal water, while the remaining 84% 
irrigate their crops through a canal. The type of housing 
structure also shapes the sensitivity of households to climate 
impacts. In D.G. Khan, about 50% households reside in mud 
or thatch houses, leading to their greater susceptibility to 
destruction during extreme events. Faisalabad ranks second 
in terms of sensitivity owing to a high percentage of people 
who do not have access to safe drinking water and fewer 
people with diversified professional skills, i.e. skills other 
than farming. Proper access to canal water lowers Mardan’s 
sensitivity to climate change and related events.

In terms of adaptive capacity, Faisalabad (0.699) scores 
far better than the other two districts (0.504 for D.G. Khan 
and 0.467 for Mardan). Faisalabad’s higher adaptive capac-
ity is primarily due to more educated household heads. 
Additionally, Faisalabad also boasts better connectivity as 
more than 70% households have access to information and 
communication technology. The district also demonstrates 
higher saving patterns with more than 80% households 
having savings of some kind compared to D.G. Khan and 
Mardan where approximately 60% households have savings. 
Mardan has the lowest adaptive capacity among the three 
districts. The two main features that shape this low adap-
tive capacity are the strikingly low level of awareness about 
government-initiated plans for disaster risk management and 
low reliance on agriculture for income-generating purposes.

5.2  Farmers’ Vulnerability Experiences

This study inquired about farmers’ perceptions regarding 
climate change and climate variability. This reflects their 
understanding of the changes that are taking place and the 
expected impacts these changes might have on their liveli-
hoods. Figure 3 shows the common changes that farmers 
have observed in the climate of their respective locations. A 
common observation in all three locations was that tempera-
tures are rising and rainfalls are declining. In Punjab districts 
(Faisalabad and D.G. Khan), a considerable percentage of 
farmers (approximately 21%) perceived changes in the num-
ber of hot and cold days.

Average annual temperature trends drawn from station 
data from the respective study sites are available for the 

years 1961–2012 (Figs. 4, 5, 6). While the graphs do not 
reflect clear upward trends in the temperature, wide fluctua-
tions in the average annual temperature are observed for all 
three study sites. Longer term trends may be better able to 
demonstrate changes in annual temperatures. IPCC (2014) 
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Fig. 3  Farmers’ perceptions on climate change. Source: Author’s own
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projections for semi-arid areas also predict temperature rises 
over the next century.   

The most common source of climate information among 
the farmers varied in all three regions. In Faisalabad, the 
most common source was media through which 43% peo-
ple obtained information related to climate change. This 
included information such as rising temperatures, rainfall 
predictions and warnings related to climate extremes. In 
D.G. Khan, 40% people relied on their social networks for 
climate information, while in Mardan, 66% people perceived 
changes in the environment through their own personal 
experiences. This reflects that while households in all three 
districts are aware of changes in the climate, the quality and 
accuracy of such information may vary depending upon the 
source of information.

In Faisalabad, shortage of water due to infrequent rains 
emerged as the most severe climate-related issue, which is 
also closely tied to intense heat waves over the past 10 years. 
Resultantly, as many as 80% respondents reported a decline 
in crop productivity and in some cases complete crop fail-
ure. Spread of contaminated water was also cited as a major 
issue, and 44% farmers reported that they experienced dis-
ease or death of livestock, 53% experienced loss of working 
hours, and thereby, decline in income following a climate 
extreme event. During the last climate event, about 40% 
farmers incurred financial losses of less than PKR 50,000 
(USD 500), and about 22% suffered from losses between 
PKR 50,000 and 100,000 (USD 500–1000). Approximately 
16% farmers even bore monetary losses amounting PKR 
400,000 (USD 4000) and above.

In D.G. Khan, floods, including flash-floods and riverine 
floods, were ranked as extreme events with the most severe 
impacts on farmers’ livelihoods. About 96% people reported 
complete crop failure as the severest climate impact that 
makes them vulnerable. Similarly, 60% experienced decline 
in crop productivity as a result of extreme heat, water short-
age and climate-related disasters. Health hazards and inju-
ries, and infrastructural damages were also common issues 
faced by 60% and more than 80% farmers, respectively, due 

to flood water. About 77% farmers also lost their stock of 
food and fodder as a result of floods. The last flood in D.G. 
Khan inflicted losses of over PKR 400,000 (USD 4000) to 
36% of the respondents.

Torrential rains in Mardan have led to flash and river-
ine floods affecting the district severely. Hailstorms in the 
district have also led to heavy losses for the farmers. About 
83% farmers faced complete crop failure due to floods, and 
63% farmers were severely affected due to disease or death 
of livestock. Rising temperatures were regarded as one of the 
important factors leading to livestock diseases. As a result 
of supply shortage and difficulty in access, 63% complained 
that food stocks in the village markets declined. Heavy rains 
also damaged the stock of food and fodder for about 67% 
of households. These statistics indicate the inter-linkages 
between climate extreme events and potential rise in food 
insecurity. Furthermore, 60% of the respondents incurred 
monetary losses under PKR 50,000 (USD 500), while 30% 
had to bear losses from PKR 50,0000 to PKR 100,000 (USD 
500–1000).

5.3  Adaptation Strategies for Farmers

With the rise of climate change risks, farmers have devel-
oped diverse measures to reduce their livelihood risks and 
vulnerabilities. In case of sudden extreme events, farmers 
use certain coping strategies to manage the losses and dam-
age faced. As per the survey, borrowing money from friends 
and family is the most common strategy used in all three 
sites in the wake of any kind of disaster. In addition, other 
factors such as socioeconomic status, education, and insti-
tutional support also shape the choice of a coping measure 
(Coulibaly et al. 2015).

In D.G. Khan, 88% of respondents claimed being dis-
placed from their settlements for some time as a result of 
a climate extreme event (mostly floods), reflecting their 
high susceptibility to such events. As an emergency coping 
mechanism, many farmers (26%) tend to sell their livestock 
for getting ready-cash to fulfil their immediate needs. About 
11.2% of farmers reported that in such hard times, they rely 
on government-provided support in the shape of relief initia-
tives to sustain themselves. Furthermore, to compensate for 
the loss in agricultural production, farmers reported increas-
ing their use of inputs such as fertilisers and pesticides (51%) 
and diversifying their crop production (28%). About 11% 
also reported increasing the use of labour and technologi-
cal input in efforts to increase production. In fact, it was 
observed that in about 4% households, women were more 
involved in labour activities after the massive floods of 2010.

In Faisalabad, the most common response to cope with 
climate extremes (after borrowing money from family and 
friends) is selling livestock (16%) and other assets such as 
jewellery and motorbike (10%). Many farmers complained 
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that in such difficult times, they have to sell their livestock 
at cheaper rates to have enough to feed themselves. On the 
other hand, to manage the losses being incurred due to the 
slow onset climate changes—rising temperatures, erratic 
rainfall, declining soil fertility—farmers tend to intensify 
their use of inputs such as fertilisers and pesticides (42.7%). 
Diversifying crop production is the second most common 
measure, while 18% farmers reported that members of their 
households have migrated to other locations as a means 
of diversifying their income sources. About 14% farmers 
reported introducing an alternative mode of irrigation to 
compensate for water shortage.

Similar to the other two districts, farmers in Mardan who 
have experienced climate extreme events cope with disas-
trous impacts by borrowing money from their friends and 
relatives (39.2%), selling livestock (17.6%) and other assets 
such as motorbike, jewellery and property (9.5%). About 
12.2% also reported reducing their consumption levels in 
response to the difficult situation. With regards to long-term 
adaptation strategies, increasing the use of inputs was the 
most common (40.6%), followed by diversification of crop 
production (29.7%), similar to the trend in other sites. About 
19% farmers also reported that as agriculture becomes less 
profitable due to climate change impacts, they migrate from 
the villages in search of economic opportunities elsewhere 
for diversifying their livelihoods, while 12.5% reported shift-
ing to other sources of incomes while staying in the villages.

In D.G. Khan about 6.1% farmers in the survey reported 
that they do not use any adaptation measure against adverse 
climate impacts and 50% shared that they do not see the need 
to adapt. They explained that even if they use any adaptive 
measures, they all go to waste when floods hit and wash 
away all their crops, damage their settlements and result 
in death of family members and livestock. Given the situa-
tion that climate impacts continue to rise in frequency and 
intensity, only 28% farmers responded that they would con-
sider shifting away from agriculture to another source of 
income. On investigating further, it was found that farmers 
in D.G. Khan believe that they have no means to shift to 
another livelihood source and agriculture is the only activity 
that they are familiar with. Nevertheless, those who would 
choose to switch to another livelihood reported they would 
work as daily wage labour.

In Faisalabad, 6.7% farmers revealed that they are not 
doing anything to adapt to climate change impacts for their 
agricultural livelihoods. Amongst them, 57% reported that 
they do not have the required skills or knowledge about the 
kind of strategies to use, while 29% responded that they can-
not afford to use adaptive measures as they are expensive. 

About 48% expressed their interest in shifting to another 
livelihood source with high preferences for attaining a sala-
ried job or starting their own small business (that includes 
establishing a small shop or providing transport services).

In comparison with the other locations, the percentage 
of farmers who do not make any efforts to adapt to climate 
change was highest in Mardan (14%). Approximately 69% 
of the farmers who do not opt for adaptive measures also 
responded that they do not find it useful to take up adapta-
tion measures. Most of them were of the view that adap-
tation strategies are not effective when a disaster hits and 
if they invest in adaptation, then they have to bear greater 
losses. In response to the scenario if adverse climate impacts 
continue to increase, 64% farmers reported that they would 
prefer to shift away from agriculture to other means of earn-
ing incomes. Most farmers voiced their preference of invest-
ing in their own small start-up if they have to move away 
from agriculture.

Government-provided facilities were reported more in 
districts of Punjab, whereas in Mardan, people reported that 
there were no government-initiated facilities available for 
climate adaptation. In Faisalabad, 35% people reported that 
they had access to government-provided early warning sys-
tems and 23% reported that they received trainings on how 
to adapt to changing climatic scenario. In D.G. Khan, 37% 
farmers stated that they had received some subsidy, credit 
or insurance from the government owing to the district’s 
repeated exposure to floods. About 35% also reported that 
the government has provided them with new crop varieties 
that are more resistant to climate change impacts. Table 3 
provides an overview of the government facilities provided 
in the study sites based on KIIs with the Agriculture Exten-
sion Departments of the respective districts.

To summarise, it has been found that in semi-arid regions 
of Pakistan, the most common methods of adapting agricul-
tural livelihoods to climate impacts are intensifying the use 
of agricultural inputs such as pesticides and fertilisers, and 
diversifying crop varieties. These results are consistent with 
the earlier findings of Khan et al. (2011). In addition, migra-
tion is a common adaptation response to climate impacts, yet 
its incidence varies for different locations. Climate extremes 
over time generally tend to weaken income generation from 
agriculture, in response to which many households decide 
to send a family member to the city to seek economic oppor-
tunities (Salik et al. 2015). In contrast, high costs of adapta-
tion and lack of information on how best to adapt to certain 
climate impacts came out as the main impediments for those 
farmers who do not take any adaptive measures for their 
livelihoods (Ali and Erenstein 2017).
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6  Discussion

6.1  Climate Change, Extreme Events 
and Agricultural Vulnerability

As defined in the methodology section, livelihood vulner-
ability to climate change is not merely a function of exposure 
to climate impacts. It is defined by a number of pre-existing 
factors—poverty levels, education, awareness, and liveli-
hood diversification—all of which shape the sensitivity and 
adaptive capacity of a household (Abid et al. 2016). As con-
cluded by Abid et al. (2016), this research reflects that each 
study site has varying associated factors that determine the 
level of livelihood vulnerability experienced by farmers. A 
striking finding is that rural livelihood vulnerability can be 
caused by a lack of adaptive capacity, despite its exposure 
and sensitivity to climate change impacts being lower. This 
is reflected by Mardan’s vulnerability score that is higher 
than Faisalabad district despite its exposure and sensitiv-
ity being lower than both D.G. Khan and Faisalabad. This 
implies that high exposure and sensitivity to climate risks 
can be offset by a stronger adaptive capacity, rendering the 
population better positioned to counterweigh the negative 
effects (Hahn et al. 2009; Adu et al. 2017).

According to the findings, the most pronounced impact of 
climate disasters that defines the exposure of livelihoods is 
complete crop failure. As observed in the study sites, climate 
extreme events such as hydrological disasters (rain storm, 
floods and drought-like conditions) and heat waves have 
caused instability in agriculture-based livelihoods through 
complete crop failure. Floods and torrential rains wash 
away the standing crop, while intense heat impacts the rate 
of evapotranspiration and soil moisture, often resulting in 
decline in crop production (Rasul et al. 2012). This is par-
ticularly alarming as the increasing magnitude and intensity 
of such events erode the livelihoods of small landholders 
(Rasul et al. 2012). Their agricultural assets such as crops, 

seeds, and soil fertility are depleted, thus amplifying their 
vulnerabilities. In addition, as small farmers mainly fulfil 
their household food requirements from farms, loss of crops 
may worsen food insecurity (Wilkinson and Peters 2015).

On a macro-scale, increasing incidents of crop fail-
ures resulting from climate extremes can have detrimental 
impacts on national food and fibre production and affect the 
whole agricultural value chain. Considering that Pakistan’s 
industrial sector is largely agro-based, this may even result 
in setbacks for the industrial sector (Wilkinson and Peters 
2015; FAO 2015). Recurring floods and prolonged droughts 
not only depreciate peoples’ livelihood-earning capabilities, 
they also hamper the government’s development efforts and 
poverty reduction initiatives (Looney 2012). This may push 
vulnerable communities into perpetual states of deprivation.

Results indicate that sensitivity of agricultural livelihoods 
is highly dependent upon the source of water for irrigation, 
making those who do not have reliable irrigation sources 
more vulnerable (Salik et al. 2015; Zachariadis 2016). This 
is particularly important when the agricultural dependency 
on water is high but infrastructure is either poor or inacces-
sible to marginalised farmers (Panthi et al. 2015). In terms of 
sensitivity of livelihoods to climate change impacts, human 
capital plays a fundamental role, especially if taken in terms 
of health. Health issues decrease the working capacities of 
labour and result in reduced number of working days (Hahn 
et al. 2009). Respondents (males and females) in all three 
sites were dissatisfied with the health facilities available at 
the village level. They reported that the dispensaries and/
or the basic health units available in the villages were not 
equipped with sufficient medicines. In addition, the avail-
ability of doctors in the facilities was also irregular, which 
often forced them to travel long distances to the next towns 
or district capital to consult a doctor or purchase medicines. 
While this issue was raised by both men and women, the lat-
ter seemed to be more concerned about the deficit in health 
provisions in their areas. This reflects concern for their 

Table 3  Salient features of agricultural support provided by District Office of Agricultural Extension. Source: Authors’ own based on KIIs

Faisalabad D.G. Khan Mardan

Training of farmers on cropping practices and 
usage of pesticides (after lab testing)

Provision of new seed varieties to major farm-
ers (large landholders are willing to take 
risk. If new varieties give good results, small 
farmers are also encouraged to try new seeds)

Awareness raising through publication of 
agricultural newsletter (Zarat Nama), 
electronic messages, trainings, seminars, and 
field work

Provision of new seed varieties to 191 villages 
in the district

Soil sampling of land to advise what to grow 
due to changing soil quality

Provision of door-to-door consultancies to 
farmers regarding crop productivity, fertilis-
ers, price/marketing schemes

Provision of farm implements/agricultural 
tools (4-5 per UC)

Implementation of Punjab Kisaan Package 
(interest-free loan scheme)

Provision of new wheat seeds at subsidised 
rates

Provision of 4000 vegetable toolkits for 
kitchen gardening with a subsidy of PKR 50 
per packet

Registration of farmers for E-credit that 
provides small farmers (with up to 5 acres of 
land) with loan of up to PKR 25,000 per acre.

Provision of early warning systems (However, 
the agriculture officer reported a lack of 
capacity to provide trainings on flood adap-
tation mechanisms)
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children and family members suffering from diseases that 
can be prevented if health facilities are adequately available.

Sensitivity to climate vulnerability is also defined by the 
skill diversity of the population (Hahn et al. 2009; Shah et al. 
2013). This study assumed that households that possess 
skills and capacities in addition to farming are less vulner-
able to climate change impacts as they can easily use these 
additional skills to be absorbed in another profession in case 
climate change renders farming more and more susceptible 
(Hahn et al. 2009). This is also reflected in the study wherein 
many households in all three sites were concerned about not 
having any skill other than farming in case they decide to 
migrate to the cities.

As mentioned, higher adaptive capacity of a population 
may balance out the high exposure and sensitivity to climate 
change. Factors that contribute to higher adaptive capacity 
included education of household head, access to information 
and communication technologies and strong social networks 
(Hahn et al. 2009; Connolly-Boutin and Smit 2015; Panthi 
et al. 2015). Higher education level reflects higher ability to 
receive, interpret and comprehend risks and hazards, thus, 
it positively impacts adaptive capacity (Byrne 2014). As the 
household head is responsible for making the final house-
hold level decisions, his/her education level determines the 
capacity of the household to anticipate risks and respond to 
them through changes in livelihood strategies (Panthi et al. 
2015).

The population of Faisalabad had more access to informa-
tion and communication technologies than D.G. Khan and 
Mardan, reflecting its higher ability to obtain information 
quicker in case of any climatic or non-climatic risks. Greater 
dissemination of weather and climate news in Faisalabad 
could be because of the presence of the Regional Agrome-
teorological Centre in the city, along with the Ayub Agricul-
ture Research Centre7 in the city. The proximity of source 
of information and the greater integration of communication 
technologies reflect higher adaptive capacity in Faisalabad.

Similarly, social capital is an important pillar in defining 
adaptive capacity of a household (Salik et al. 2015; Qais-
rani 2015). Kinship, relationships and strong community 
networks can act as a support system at times of distress 
and can also reflect stronger flow of information and news 
(Scheffran et al. 2011). Strength of social network is also 
useful in climate information dissemination, as is reflected 
by statistics from D.G. Khan where majority of people rely 
on disaster or climate updates from their networks through 
a phone call or message. People with strong social networks 
have been observed to survive calamities and rebuild their 
lives with the help social capital (family ties, relatives, and 

community networks) faster than those whose social ties are 
weak (Adger et al. 2003). D.G. Khan, with the lowest score 
in the social network indicator, has lower adaptive capac-
ity compared to Faisalabad. This indicates that community 
members are less integrated in terms of reliance on each 
other for support during times of need (Adger 2001).

It was assumed that higher rates of female labour force 
participation would reflect less vulnerability (Muthoni and 
Wangui 2013). However, the impacts on vulnerability are 
structured by the type of labour force activity that women 
are involved in. For instance, by comparing the cases of 
Faisalabad and D.G. Khan, it can be concluded that higher 
labour force participation of women in agricultural activi-
ties in D.G. Khan actually enhances the overall vulnerabil-
ity of the community due to higher dependence on natural 
resources (Samee et al. 2015; Batool and Saeed 2017). On 
the other hand, involvement in activities that are not too nat-
ural resource intensive reduces their vulnerability. Women 
in D.G. Khan were generally more involved in livestock 
management, crop sowing, weeding and harvesting, water 
management, collecting wood and biofuel. In Faisalabad, 
women were more involved in service sector and in educa-
tion and health sectors or serving as domestic helpers in 
private homes.

While labour force participation is higher, women gen-
erally are less involved in decision-making processes and 
have limited access to information and facilities (Samee 
et al. 2015). Education levels of women in D.G. Khan are 
also lower than those in the other two districts. In contrast, 
though fewer women were economically active in Faisal-
abad, they were more educated and involved in government 
or private sector jobs. This reflects weaker impact of cli-
mate change on their livelihood activities, thus, their lesser 
vulnerability. In Mardan, despite higher education levels 
of women compared to D.G. Khan, women did not partake 
in any income-generating activities given the culture and 
norms of the village.

6.2  Adapting Agriculture to Climate Change 
and Climate Extremes

In light of the above vulnerability scenario, identification 
of the most suitable adaptation measures is pivotal to deter-
mine the pathways to resilient economic development in 
semi-arid regions. This research finds that most farmers are 
already adjusting their livelihoods to climate impacts. These 
adjustments include short-term, distress responses known 
as coping strategies as well as long-term modifications in 
their livelihood activities that can reduce their risk to climate 
impacts in the future (Khan et al. 2011; Ullah et al. 2018).

In the wake of a climate shock, farmers tend to adopt 
distress measures such as borrowing from friends and fam-
ily, selling livestock and other assets or reducing household 

7 Pakistan Meteorological Department http://namc.pmd.gov.pk/ramc-
faisa labad .php.

http://namc.pmd.gov.pk/ramc-faisalabad.php
http://namc.pmd.gov.pk/ramc-faisalabad.php
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consumption. These measures are generally meant to buffer 
for the immediate adverse impacts (Smith et  al. 2000). 
Such responses, in fact, reduce farmers’ future capacity to 
invest and render their livelihoods more insecure (Boansi 
et al. 2017). In this study, the most popular modes of cli-
mate adaptation are increasing use of farm inputs such as 
pesticides and fertilisers and using more improved (heat-
resistant or drought tolerant) crop varieties, in addition to 
various site-specific measures such as shifting to other liveli-
hoods, migrating for work, and introducing other modes of 
irrigation (Khan et al. 2011). As numerous climate change 
impacts manifest themselves on populations, people often 
adopt multiple strategies to offset future risk. For example, 
in D.G. Khan, farmers are exposed to recurring floods as 
well as intense heat waves. In such a scenario, opting one 
strategy may not ensure security of livelihoods in a sustain-
able manner. Using a mix of heat- and flood-tolerant crop 
varieties and getting crop insurance may benefit the farmers 
more in times of oscillating weather and climate conditions 
(Boansi et al. 2017).

Institutional support is also pivotal in shaping farmers’ 
adaptive capacity (Hahn et al. 2009). This can be drawn from 
the case of Mardan, where despite low exposure and low 
sensitivity to climate change and extreme events, underlying 
low levels of adaptive capacity has affected its livelihood 
vulnerability adversely. A major factor behind low adaptive 
capacity is the lack of government support to the community. 
Although the District Office of Agriculture in Mardan claims 
to provide agricultural extension services in the district, yet 
the community surveyed was not receiving any government 
support to help them buffer against climate manifestations. 
In contrast, communities in Faisalabad and D.G. Khan were 
receiving government support in the shape of training and 
awareness sessions, early warnings, provision of new crop 
varieties, and access to insurance, subsidies and credit. The 
district agricultural department of D.G. Khan was appreci-
ated for the soil sampling they conducted for agricultural 
land and held awareness-raising sessions on what to grow on 
the soil with respect to the changing soil quality. The district 
administration was also said to be active in disseminating 
early warnings in case of riverine floods through the police 
and announcements in mosques. Communities were cogni-
zant of the positive impacts of these services provided to 
them, but demanded enhanced government support in terms 
of subsidy on purchase of inputs. They admitted receiving 
information about new and improved seeds to withstand 
changing climatic conditions, but complained that those new 
seeds were not affordable for the small farmers. In Mardan, 
farmers expressed their need of loan and credit to support 
agricultural activities.

This study found that farmers prefer to opt for off-farm 
activities as a means of diversification. Their preferences 
vary according to the site, including strategies such as 

attaining a salaried job, doing non-farm wage labour or start-
ing a small business. However, all respondents mentioned 
that the prospects of diversifying livelihoods were low in 
their villages. About 20% households reported using migra-
tion as a strategy to offset the loss of income as a result of 
a climate crisis. This differs from the usual phenomenon of 
displacement when families are uprooted from their homes 
to settle in other locations as a result of a disaster (Ferris, 
2014). Migration of one or more family members reflects a 
planned response to a shock in income. However, it was also 
observed that migration is often considered as a last resort 
when other strategies fail. For agriculture-based households, 
when natural resources are pressurised due to factors such 
as climate change, migration often becomes the last logical 
option when alternative economic opportunities are limited 
(Penning-Rowsell et al. 2013; Arsenault et al. 2015).

Besides the farmers who are taking adaptation meas-
ures, there were also some who were not taking any action 
to adapt to climate change. It was observed that lack of 
employing an adaptive strategy stems from two main rea-
sons: lack of financial resources to introduce a change in 
practices and a lack of awareness of the effectiveness of an 
adaptation strategy. Generally, farmers who did not adapt, 
especially those in D.G. Khan and Faisalabad, perceived 
that it is unfruitful to invest in agricultural adaptation as 
climate extremes erode all their efforts. This implies that 
these farmers may not have enough information regarding 
the usefulness of adaptation strategies that can withstand 
extreme events. Abid et al. (2015) also came to the conclu-
sion that usually farmers are unaware of the type of adap-
tation needed and, therefore, believe that adaptation will 
be ineffective in their case. While some farmers admitted 
receiving government-provided training as mentioned ear-
lier, this finding indicates that some proportion of farmers 
are not receiving relevant trainings in the context of climate 
disasters. This highlights the need of the local and district 
government emphasising more on trainings and awareness 
sessions about adaptation practices and ensuring that these 
trainings are imparted to all farmers, especially targeting 
areas that are hard-hit by climate extremes. Affordability of 
applying adaptation strategies is another facet that constrains 
farmers from using the most effective methods. High-input 
prices, high prices of new weather-resistant crop varieties, 
low penetration of credit facilities and widespread poverty 
in rural areas also restrict farmers’ capacities to invest in 
adaptation practices (Abid et al. 2015).

7  Conclusion and Policy Recommendations

This study uses the IPCC livelihood vulnerability approach 
to understand the important causal factors behind exposure, 
sensitivity and adaptive capacity of various rural semi-arid 
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regions in Pakistan that explain farmers’ livelihood vul-
nerability to climate change. According to this study’s 
IPCC–LVI ranking-based results, D.G. Khan appears as the 
most vulnerable district, Mardan as the second most vulner-
able, while Faisalabad as the least vulnerable among the 
three districts in Pakistan. An important finding is that (a 
lack of) adaptive capacity plays quite an important role in 
shaping households’ livelihood vulnerability on any given 
degree of exposure and sensitivity.

As agricultural livelihoods become increasingly vulner-
able to climate change impacts and risks, farmers resort to 
various strategies to offset the ill impacts on their earnings. 
Besides, distress coping strategies adopted to respond to cli-
mate extremes, farmers also employ certain long-term adap-
tive measures to compensate for their depreciating liveli-
hoods. In addition to increasing farm inputs and diversifying 
crop varieties, rural households also consider diversifying 
their livelihoods through out-migration. Rural economies 
need people-centric development to build climate resilience, 
i.e. growth that diminishes poverty and reduces deprivation. 
Livelihood vulnerability of farmers can be offset by reduc-
ing climate sensitivity and enhancing their adaptive capacity 
to climate change impacts. In light of this study, it is clear 
that livelihood resilience of rural agricultural households not 
only needs policy attention for strengthening of the agricul-
ture sector, but also facilitation in diversifying livelihood 
activities.

An important cause of sensitivity to climate change in 
rural semi-arid areas of Pakistan is the variability and uncer-
tainty of irrigation water supply for agricultural purposes. 
This variability might also be caused due to weak and dete-
riorating irrigation infrastructure. The disruption in water 
supply can be reduced by adopting innovative irrigation and 
water-saving/harvesting techniques, and a more effective 
role of the irrigation department with enhanced interactions 
with farmers.

As climate-related (extreme) events become more evident 
and severe, it is increasingly essential to rely on rural youth 
(including men and women) for coping with these risks, and 
adapting their livelihoods to climate change. This can be 
done by improving their capacity to understand vulnerable 
aspects of rural livelihoods, ability to effectively use new 
scientific information as well as local knowledge to antici-
pate and combat climate change risks and stressors such as 
floods, droughts, and heat waves. Similarly, rural labour also 
needs to have better and updated skills through trainings so 
that they are able to choose alternative (non-farm) oppor-
tunities which are less or not vulnerable to climate change.

Due to women’s active involvement in agricultural activi-
ties, especially in D.G. Khan, their vulnerability to climate 
change is high. To encourage their participation in non-farm 

activities, local governments must create opportunities for 
them to access well-paid work in villages, such as supporting 
women-owned cottage industries by providing them train-
ings and access to credit and markets. Women should also 
be formally integrated in the value chains and efforts must 
be undertaken to reduce the wage gap between men and 
women.

This study found that climate-resilient seed varieties cur-
rently available to small farmers are quite expensive, espe-
cially for small farmers. In this regard, agricultural exten-
sion services need to provide subsidised crop varieties for 
farmers at affordable prices, control the spread of pests and 
diseases, and ensure proper storage of farm outputs. Further-
more, agricultural extension services need to broaden their 
reach, especially in KP, where people are still not receiv-
ing government services, and are thus, unaware of the many 
positive, livelihood enhancing schemes offered by the pro-
vincial government.

Currently, the potential of migration as a resilience-
enhancing adaptation strategy is not recognised in devel-
opment plans. Policies facilitating planned migration could 
support improved climate adaptation for migrant families, 
and mitigate their risk of displacement. Since migration is 
an important response/adaptation strategy, the national and 
sub-national governments should mainstream migration and 
climate change adaptation into National Adaptation Plans 
(NAPs) and sub-national integrated development plans 
(Local Adaptation Plans of Action—LAPAs).
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Table 4  IPCC–LVI scores for each study site

Indicators and subcomponents Explanation Faisalabad D.G Khan Mardan

Exposure
 Climate extremes/disaster Average number of frequent climate extreme events in the last 

10 years (based on survey)
0.129 0.142 0.172

 Temperature variability Monthly variability in temperature 0.232 0.248 0.158
 Hot months Number of extreme hot months with temperature above 30 °C 0.519 0.607 0.463
 Precipitation variability Monthly variability in total precipitation 0.209 0.220 0.171
 Extreme dry months Number of extreme dry months explained as the month during 

spring season having precipitation < 5 mm and in summer precipi-
tation = 0 mm

0.667 0.722 0.315

 Monetary loss Average monetary loss incurred due to last extreme event 0.055 0.111 0.012
 Crop failure Percentage of households facing complete crop failure due to cli-

mate extreme
0.700 1.000 0.700

 Physical damage to human body Percentage of household with an injury or death as a result of natu-
ral disaster (used to assess the physical impact of any disaster on 
human body)

0.180 0.200 0.020

Average 0.336 0.406 0.251
Sensitivity
 Source of irrigation Percentage of households that do not have access to canal water 0.600 0.960 0.160
 Access to water Percentage of households not having access to good-quality drink-

ing water
0.360 0.020 0.000

 Physical disability Prevalence of any permanent disability in the household 0.100 0.100 0.120
 Cost on health issues Average health-related cost per month for the household 0.119 0.085 0.137
 Professional skills Percentage of households not having any skill other than farming 0.700 0.420 0.440
 Type of house Percentage of households having house made of temporary material 0.020 0.500 0.320
 Average crop diversity index (range 

0–1)
The inverse of (the number of crops grown by the households + 1), 

e.g.: a household that grows sugar cane, rice, wheat and maize will 
have crop diversity index = 1/(4 + 1) = 0.20

0.778 0.798 0.738

Average 0.382 0.412 0.274
Adaptive capacity
 Dependency ratio Ratio of the population 0–14 and 65 and above years of age over the 

population between 15 and 64 years of age
0.530 -0.154 0.333

 Education Percentage of household heads who have secondary and above level 
of education

0.660 0.160 0.180

 Income diversification Percentage of households who have more than one source of income 0.640 0.800 0.820
 Access to media/information Percentage of households having access to phone, Internet and TV 0.713 0.353 0.433
 Social networking Percentage of households who are actively involved in: local poli-

tics, social relief work, local level associations and have a strong 
friendship circle

0.730 0.595 0.680

 Savings Percentage of households who have savings of any kind 0.840 0.600 0.680
 Government-initiated disaster man-

agement plans
Percentage of households aware about or have access to govern-

ment-initiated climate disaster management plans
0.52 0.52 0

 Use of remittances for investment Percentage of households willing to invest their remittances on 
agriculture

0.740 0.740 0.857

 Purpose of agriculture production Percentage of households that use agriculture production for sale of 
products

0.92 0.92 0.22

Average 0.699 0.504 0.467
IPCC–LVI (Exposure + sensitivity) − adaptive 0.019 0.314 0.058
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Table 5  Testing significance of indicators among the three study sites

Indicators and subcomponents Explanation Faisalabad D.G Khan Faisalabad Mardan D.G khan Mardan

Exposure (p value 0.000 < 0.05)
 Climate extremes/disaster Average number of frequent climate 

extreme events in the last 10 years (based 
on survey)

0.489 0.034** 0.132

 Temperature variability Monthly variability in temperature 0.534 0.291 0.768
 Hot months Number of extreme hot months with tem-

perature above 30 °C
0.044** 0.271 0.005**

 Precipitation variability Monthly variability in total precipitation 0.002** 0.000* 0.000*
 Extreme dry months Number of extreme dry months explained 

as the month during spring season having 
precipitation < 5 mm and in summer 
precipitation = 0 mm

0.342 0.000* 0.000*

 Monetary loss Average monetary loss incurred due to last 
extreme event

0.019** 0.000* 0.000*

 Crop failure Percentage of households facing complete 
crop failure due to climate extreme

0.000* 1.000 0.000*

 Physical damage to human 
body

Percentage of household with an injury or 
death as a result of natural disaster (used 
to assess the physical impact of any disas-
ter on human body)

0.801 0.007** 0.004**

Sensitivity
 Source of irrigation Percentage of households that do not have 

access to canal water
0.000* 1.000 0.000*

 Access to water Percentage of households not having access 
to good-quality drinking water

0.001** 0.001** 0.320

 Physical disability Prevalence of any permanent disability in 
the household

0.801 0.007** 0.004**

 Cost on health issues Average health-related cost per month for 
the household

0.156 0.563 0.044**

 Professional skills Percentage of households not having any 
skill other than farming

0.004** 0.008** 0.842

 Type of house Percentage of households having house 
made of temporary material

0.001* 0.001* 0.068***

 Average crop diversity index 
(range 0–1)

The inverse of (the number of crops grown 
by the households + 1), e.g.: a household 
that grows sugar cane, rice, wheat and 
maize will have crop diversity index = 1/
(4 + 1) = 0.20

0.058*** 0.001* 0.001*

Adaptive capacity
 Dependency ratio Ratio of the population 0–14 and 65 and 

above years of age over the population 
between 15 and 64 years of age

0.000* 0.006** 0.000*

 Education Percentage of household heads who have 
secondary and above level of education

0.000* 0.000* 0.000*

 Income diversification Percentage of households who have more 
than one source of income

0.076*** 0.043** 0.801

 Access to media/information Percentage of households having access to 
phone, Internet and TV

0.011** 0.022** 0.752

 Social networking Percentage of households who are actively 
involved in local politics, social relief 
work, local level associations and have a 
strong friendship circle

0.080*** 0.042** 0.699

 Savings Percentage of households who have savings 
of any kind

0.007** 0.062*** 0.410
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Abstract
In this study, we examined the future climatic changes in the Kabul River basin located in the Hindu Kush Mountain ranges 
of Pakistan and Afghanistan. We used the latest data set of statistically downscaled CMIP5 Global Climate Models (GCMs), 
i.e., NASA Earth Exchange Global Daily Downscaled Projections (NEX-GDDP). The data set delivers valuable local scale, 
high-resolution climate change information for past and future periods (1950–2100) on a daily basis, which is very suitable 
for exploring future changes in mean and extremes of both temperature and precipitation. Multi-model ensemble derived 
from NEX-GDDP data effectively produces observed spatial patterns and magnitude of both temperature and precipita-
tion that otherwise cannot be captured with coarse resolution GCMs. For the historical period (1975–2005), NEX-GDDP 
presented an improved seasonal cycle climatology and correlation coefficient with the observed data set. Future projections 
using multi-model ensembles indicate a consistent rise in mean temperature over the entire Kabul River Basin, relative to 
the baseline under RCP4.5 and RCP8.5 emission scenarios. Although the increase in temperature is not uniform across the 
domain, upper reaches of the basin show annual and seasonal warming of approximately 6.8 °C by the end of the twenty first 
century under the RCP8.5 scenario. These changes are significant at a 95% confidence level. The rise in summer and winter 
temperatures may negatively affect the snow accumulation during winter and has the potential to accelerate glacier melting 
during summers. Projections of future precipitation under both scenarios show an overall decrease in mean precipitation, 
particularly under the RCP8.5 scenario.

Keywords Kabul River Basin · PDFs · CMIP5 · Future projections · NEX-GDDP

1 Introduction

Climate change is the greatest challenge that the world is 
facing today. Its impacts on water resources especially can 
be quite diverse and uncertain. During the last century, a 
1–2 °C increase in global mean temperature was observed, 
which has far-reaching consequences such as accelerated 
glacier melting and increases in the frequency of extreme 
weather events (Cruz et al. 2007). The Hindu Kush–Kara-
koram–Himalaya (HKKH) region has the highest density of 
glaciers outside the Poles. They feed many rivers; amongst 
them are seven of Asia’s greatest rivers—Brahmaputra, 

Ganges, Huang Ho, Indus, Mekong, Salween, and the 
Yangtze. The life of more than two and half million people 
is highly affected by any changes in these rivers. HKKH 
region is termed as the most tenuous ecological zone regard-
ing climate change resilience (Jianchu et al. 2007; Singh 
et al. 2011). Different climate conditions co-exist in these 
complex mountain ranges, due to the influence of multiple 
circulation systems and several climate feedbacks of atmos-
phere, cryosphere, and hydrosphere, thus making the region 
highly vulnerable to climate change-related impacts (Palazzi 
et al. 2013). By the end of the twenty first century, warming 
over the HKKH is projected to remain higher than the global 
mean temperature average (Iqbal et al. 2018). Runoff due to 
snowmelt from the mountain regions is important for a sus-
tained water supply (Nestler et al. 2014). Changing climate 
is accompanied with a significant change in the steam flow 
of regional river basins such as Kabul River particularly due 
to the presence of snow- and ice-based freshwater resources 
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(Abbaspour 2015; Sidiqi et al. 2018). The presence of cli-
mate change-related vulnerabilities poses a serious threat to 
the socio-economic development of the population that is 
dependent on the water resources of Kabul River.

Global Climate Models (GCMs) are being widely used by 
the scientific community in the studies of past climates, and 
to project the future climate under different socio-economic 
and Greenhouse Gas (GHG) emission scenarios (Almazroui 
et al. 2012; Annamalai et al. 2007; Taylor et al. 2012). The 
coarse resolution of GCMs, lacking to represent the detailed 
topography and small-scale process, results in large biases 
for both temperature and precipitation (Leung et al. 2003; 
Suzuki-Parker 2012). To overcome this limitation of GCMs, 
several downloading techniques have been developed which 
include both statistical and dynamical procedures (Ekström 
et al. 2015; Murphy 1999). Statistical downscaling is based 
on the statistical relationships between the coarse GCMs 
and finely observed data and is computationally straight-
forward for obtaining high-resolution climate projections. 
Although statistical downscaling can be a computationally 
efficient alternative to dynamic downscaling, it relies on an 
assumption that the empirical relationship identified for the 
current climate will hold for future climate scenarios (Wilby 
et al. 2004). The dynamical downscaling involves the simu-
lation of more realistic physical processes at a finer scale 
using regional climate models (RCMs). RCMs are provided 
with the lateral boundary conditions from coarse resolution 
GCMs output. During the recent 2 decades, many RCMs 
have been developed with an improved capability to resolve 
physical processes. They are being widely used in regional-
scale climate studies including assessments of past climate 
and future climate projections (Giorgi et al. 2012; Iqbal et al. 
2016; Pal et al. 2007; Parajka et al. 2010; Rummukainen 
2010). Despite being the best available tool, there are uncer-
tainties associated with RCMs projections due to the system-
atic biases of the driving GCMs and internal variability and 
sensitivity of the RCM to numerical schemes and resolution-
dependent processes (Bachner et al. 2008; Mehmood et al. 
2009; Pfeiffer and Zängl 2011; Syed et al. 2009; Syed et al. 
2014). Therefore, downscaled GCMs with bias corrections 
produce more accurate data at a fine resolution for future 
projections (Ficklin et al. 2016). For robustness and statisti-
cal significance of the results, ensemble and multi-modeling 
techniques are often applied (Knutti 2008; Madadgar and 
Moradkhani 2014). Although there exists a large inter-model 
variance in ensembles, varying physical schemes among 
single ensemble members can provide a more reasonable 
representation of the physical processes attributed to climate 
variability and change (Almazroui et al. 2012; Tebaldi and 
Knutti 2007; Vidale et al. 2003). Immerzeel et al. (2012) 
applied an ensemble of statistically downscaled GCMs 
to study the future water cycle variability in a glacierized 
catchment in Nepal. A multi-model ensemble of statistically 

downscaled GCMs showed very good performance in cap-
turing the precipitation and temperature climatology in the 
Indus River Basin (Su et al. 2016).

Palazzi et  al. (2013) analyzed long-term histori-
cal (1950–2009) trends of precipitation from a range of 
observed and reanalysis data sets and found no statistical 
significance trend for winter in the Hindu Kush–Karako-
ram (HKK) region. Moreover, they also analyzed future 
projections of whole HKKH region using eight ensemble 
members of the EC-EARTH model of CMIP5 family under 
RCP4.5 and RCP8.5. The future projections show a statisti-
cally significant increase in winter precipitation of around 
0.4–0.7 mm/day over the HKK region under both scenarios, 
while no significant trend is shown under RCP4.5 scenario 
for summer. Palazzi et al. (2015) presented an evaluation 
for past climatology and trends (1901–2005) of precipita-
tion in the HKKH region as reproduced by 32 GCMs of 
CMIP5 family. They found a large inter-model disagreement 
of seasonal and annual patterns and statistics for all the 32 
GCMs, which make it difficult to rely on a single model 
output. The future projections under the RCP8.5 scenario 
indicate a wetter summer during twenty first century for 
HKK area, while winter precipitation shows no significant 
change. Hasson et al. (2013) assessed the performance of 
PCMDI/CMIP3 GCMs in simulating the hydrological cycle 
over four major river basins in South and Southeast Asia 
(Indus, Ganged, Brahmaputra, and the Mekong). For twen-
tieth century climate (1961–2000), 4 out of 13 models show 
water deficit in the Indus basin mainly due to underestima-
tion of observed precipitation minus evaporation (P − E). 
The poor performance of those models is attributed to an 
underestimation of observed precipitation. The future pro-
jections (2061–2100) under the SRES A1B scenario do not 
indicate any change in inter-annual variability of P − E dur-
ing the twenty first century. There is disagreement among 
different models in estimating the future water balance for 
Indus basin, since models feature inconsistent magnitude of 
change in precipitation and evaporation. Hasson et al. (2016) 
reviewed the skill of 30 CMIP5 models in simulating the 
seasonal cycle of precipitation for the same river basins. 
They assessed the model’s performance by virtue of their 
ability in accurately estimating the timing of the monsoon 
onset and its seasonality during the active phase. None of 
the models or the multi-model ensemble performed best for 
the chosen skill metrics. One-third of the models were not 
able to simulate the observed patterns and timing of mon-
soon precipitation over the Indus basin. Future projections 
suggest a westward extension of monsoon regime over Paki-
stan. Rajbhandari et al. (2015) performed high-resolution 
(50 km × 50 km) simulations of Indus Basin’s past and future 
climates using RCM (PRECIS). The model showed a good 
agreement with the observed data in capturing the topog-
raphy variations and seasonal cycle of precipitation with 
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the presence of quantitative biases. The model projections 
under the A1B scenario indicate a decrease in winter pre-
cipitation over the Upper Indus Basin. Upper parts of the 
Indus Basin show increased warming in the future compared 
to the lower parts, which is more pronounced in winter. A 
multi-model ensemble of 21 CMIP5 GCMs shows a consist-
ent warming in the Upper Indus Basin during the twenty 
first century under three emission scenarios, i.e., RCP2.6, 
RCP4.5, and RCP8.5 (Su et al. 2016). Monsoon precipitation 
is projected to increase over the Indus Basin, while mod-
els show a decrease in winter precipitation. A recent study 
published by Hasson et al. (2018) assessed the robustness 
of the climate change signal for Jhelum, Kabul, and UIB as 
simulated by high-resolution dynamical models within the 
framework of Coordinated Regional Climate Downscaling 
Experiment for South Asia (CX-SA). The model’s skill was 
evaluated in terms of its ability to reproduce past climatol-
ogy of temperature and precipitation from 1971–2005 and 
the seasonal cycle of precipitation. The findings show a low 
fidelity of the CX-SA data set based on applied statistical 
metrics and high, cold, and wet biases and an inaccurate 
seasonal cycle of precipitation that is notably consistent 
with its driving CMIP5 models. These results highlight the 
uncertainty of future projections of precipitation and tem-
perature due to the inter-model disagreements of CX-SA and 
CMIP5 models for the historical period. The contradictory 
precipitation projections for this basin make water availabil-
ity in the Upper Indus Basin highly uncertain and require 
further research (Lutz et al. 2016). No study has specifically 
focused on the prediction of the future climate of the Kabul 
River Basin using bias-corrected and high-resolution climate 

change projections. The objective of this study is to provide 
a robust assessment of the present-day climate and its future 
changes under two emission scenarios (RCP4.5 and RCP8.5) 
using statistically downscaled and bias-corrected projections 
of GCMs of the CMIP5. This study, based on 21 downscaled 
GCMs and two scenarios (RCP4.5 and RCP8.5) of CMIP5 
family, is the most up-to-date and is suitable for studying 
the impact of climate change on water resources of a shared 
basin under both moderate (RCP4.5) and extreme (RCP8.5) 
emissions’ scenario. The results of this study will form an 
important basis for the estimation of changes in the hydro-
logical cycle of the basin and inform decision makers and 
water policy experts to devise future interventions in light 
of these climate change projections.

2  Study Area, Models, Data, 
and Methodology

2.1  Study Area

The Kabul River Basin (hereafter, KRB) is an upland envel-
oped by mountains stretching through the northwestern 
part of Pakistan to the eastern central part of Afghanistan 
(Fig. 1). The Kabul River originates from the Hindu Kush 
Mountains and is one of the major rivers in Afghanistan with 
a high population density (UNFPA n.d.). The Basin covers 
an area of about 92,000 km2 and splits into five sub-basins: 
(1) The Paghman river, which merges into the Basin from 
the west where it evolves into a tributary of the KRB and 
eventually merges into an Indus catchment over the Pakistan 

Fig. 1  Boundaries of Kabul 
River Basin and elevation in 
meters. Glaciers are marked in 
blue and white shade. Black 
dot shows the location of outlet 
river gauging station (Data 
Source: Jarvis et al. 2008; 
Bajracharya and Shrestha 2011)
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side of the Basin; (2) The Logar river, which merges into 
the Basin from the south and discharges therein; (3) The 
Kunar river, originating from the Chitral Valley in Pakistan, 
entering Afghanistan through Kunar and rerouting towards 
Pakistan after flowing up to Jalalabad province in Afghani-
stan; (4) The Salang, Ghorband, and Panjshir rivers, form-
ing the Ghorband–Panjshir watershed; (5) The Alishang and 
Alinigar rivers, converging at Surobi (Hassanyar et al. 2017; 
Lashkaripour and Hussaini 2007). The Kabul River, with 
its five tributaries, makes around 26% of the available water 
resources in Afghanistan, having a mean annual stream flow 
of about 24 billion cubic meters (King and Sturtewagen 
2010), and irrigates 66,748 km2 of land (FAO 2016). Around 
72% of the total runoff is generated by seasonal snowmelt 
(Sidiqi et al. 2018). An estimated 9 million people living 
in Afghanistan and Pakistan share the water resources of 
KRB. According to Bajracharya and Shrestha (2011), there 
are around 1600 glaciers located in the Kabul basin, with 
the highest and largest concentration in the Kunar and 
Swat sub-basins. The climate in the basin is semi-arid and 
robustly continental. The maximum precipitation observed 
during the winter months averages 110 mm. The highest 
maximum temperature is observed in July, with an average 
value of approximately 28 °C, while an average minimum 
temperature during winter is about − 6 °C (Hassanyar et al. 
2017). There is a high variation of received precipitation 
throughout the year due to the complex terrain. Historic data 
records show that the highest mean annual precipitation of 
more than 1600 was received in the northern parts of the 
basin (Lashkaripour and Hussaini 2007). Approximately, all 
the precipitation in the basin falls during the winter season. 
The precipitation is mostly “snow precipitation,” which is 
reserved over the mountains to recharge the rivers in the 
melt season. Rivers dehydrate when the snow has completely 
melted. Hence, there is no continuous water supply available 
in the rivers flowing within the KRB. Water supply from 
snow or ice melt represents a major contribution to discharge 
during the summer months.

2.2  Data

To examine future changes in temperature and precipita-
tion of the KRB, a high-resolution NASA Earth Exchange 
Global Daily Downscaled Projections (NEX-GDDP) data set 
is used in this study. NEX-GDDP was recently made avail-
able to the global scientific community and is particularly 
aimed at providing past and future climate change infor-
mation at the finest possible scale (Thrasher et al. 2012). 
Therefore, the choice of the data set in this study is related 
to its significance in providing researchers and policymakers 
with the required information about the impacts of climate 
change at a city and basin scale. NEX-GDDP is the output 
of CMIP5 21 GCMs downscaled at 0.25° spatial resolution 

and available as daily data projections from 1950–2100. The 
downscaling method adopted in development of this data 
set is Bias Correction and Spatial Disaggregation (BCSD) 
which is a regression-based statistical technique applied to 
improve the efficiency of low-resolution GCMs for remov-
ing local biases (Maurer and Hidalgo 2008; Thrasher et al. 
2012, 2013; Wood et al. 2004). This downscaling approach 
is a two-step process. It starts with a comparison of GCMs 
historical (1950–2005) simulation against observations to 
compute biases or differences in slope, mean, and variance. 
The reference observation data used in this step are 0.25° 
daily maximum temperature, daily minimum temperature, 
and daily precipitation data from Global Meteorological 
Forcing Data set (GMFD) for Land Surface Modeling. The 
GMFD data set is a merger of observations with NCEP/
NCAR reanalysis and developed by the Terrestrial Hydrol-
ogy Research Group at Princeton University (Sheffield et al. 
2006). The bias is then applied to the GCMs future projec-
tions (2006–2100) data by generating cumulative distribu-
tion function (CDF) and mapping quantiles of both historical 
and GCMs values. In the second step, spatial disaggrega-
tion is performed to interpolate the bias-corrected GCMs 
data to the high resolution (0.25°) of the observations data 
set (Wood et al. 2002, 2004). The interpolation is not just 
linear. The process is a multi-step approach to preserve the 
finer local-scale details of the GMFD data set. The globally 
downscaled daily data set is available through the NASA 
Climate Model Data Service (CDS) by subsetting the study 
region (https ://cds.nccs.nasa.gov/nex-gddp). Table 1 con-
tains names of 21 GCMs, included in the NEX-GDDP data 
set. To project the state of the future climate, a multi-model 
ensemble of 21 downscaled models is computed.

The observed data set used for evaluation of NEX-GDDP 
data and raw GCMs is ANUSPLIN‐generated gridded cli-
mate surface obtained from CSIRO, Australia (Hutchinson 
and Xu 2013). The data for maximum temperature, mini-
mum temperature and precipitation are interpolated at 1 km 
from on‐ground meteorological stations using ANUSPLIN 
v4.5. ANUSPLIN applies thin-plate smoothing splines for 

Table 1  CMIP5 models downscaled in the NEX-GDDP data set 
(Source: Thrasher et al. 2012)

1 ACCESS1-0 12 INMCM4
2 BCC-CSM1-1 13 IPSL-CM5A-LR
3 BNU-ESM 14 IPSL-CM5A-MR
4 CanESM2 15 MIROC-ESM
5 CCSM4 16 MIROC-ESM-CHEM
6 CESM1-BGC 17 MIROC5
7 CNRM-CM5 18 MPI-ESM-LR
8 CSIRO-MK3-6-0 19 MPI-ESM-MR
9 GFDL-CM3 20 MRI-CGCM3
10 GFDL-ESM2G 21 NorESM1-M

https://cds.nccs.nasa.gov/nex-gddp
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data interpolation of on-ground meteorological data of 
Pakistan Meteorological Department (PMD) to a fine grid 
(0.01 × 0.01°) and provides a platform for statistical analysis 
of multivariate data and estimation of spatial errors (Chen 
et al. 2016). The performance of ANUSPLIN 1 km data for 
Upper Indus Basin (UIB) and at catchment scale has been 
compared with APHRODITE and Watch data sets during 
1979–2007. Although complete results are not presented by 
Chen et al. (2016), the PMD observation-based data have 
shown the best performances due to the highest number 
of in situ observations. The climate data set is particularly 
recommended for hydrological modeling. Monthly data for 
temperature and precipitation for the same GCMs, which 
were downscaled in NEX-GDDP data set, were downloaded 
from ESGF portal (https ://esgf-node.llnl.gov/proje cts/cmip5 
/) for the historical period (1950–2005) for comparison and 
evaluation. The resolution of raw models differs from each 

other. However, for the purpose of evaluation, all models 
were regridded to the common grid of NEX-GDDP data. 
Out of 21 GCMs included in the NEX-GDDP data set, four 
GCMs, namely BCC-CSM1-1, BNU-ESM, CESM1-BGC, 
and CSIRO-MK3-6-0, were not present on ESGF and were, 
therefore, excluded from a multi-model ensemble of NEX-
GDDP and raw GCMs.

2.3  Methodology

To evaluate the performance of the NEX-GDDP data set 
for the study region, the results of seasonal and annual cli-
matology for both temperature and precipitation were com-
pared with raw GCMs as well as with observed climatology 
(1975–2005). For spatial comparison with NEX-GDDP, the 
gridded observations data were interpolated at 0.25° × 0.25° 
grid resolution. For analysis and discussion of results, the 

Fig. 2  Historical climatology of mean precipitation (mm) (1975–2005) as produced by NEX-GDDP multi-model ensemble (top row), raw 
GCMs ensemble (middle row), and observed (bottom row)

https://esgf-node.llnl.gov/projects/cmip5/
https://esgf-node.llnl.gov/projects/cmip5/
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baseline and future climates are defined as 30-year time 
slices: the historical period from 1975–2005; the near-term 
future from 2010–2039 (hereafter, near-term); the mid-term 
future from 2040–2069 (hereafter, mid-term); and the end 
of the century (EOC) future from 2070–2099 (hereafter, 
EOC). Projected changes of temperature and precipitation 
are analyzed on both annual and seasonal basis, i.e., winter 
(December, January, February, and March; hereafter DJFM) 
and summer (June, July, August, and September; hereafter 
JJAS). For a more robust evaluation, the efficiency of the 
data set was measured by examining statistical metrics using 
the Taylor diagram (Taylor 2001). The diagram provides 
a summary of the model’s performance in simulating the 
spatial patterns of different variables in terms of their Pear-
son correlation, the standard deviation (SD), and root-mean-
square difference (RMSD). The correlation is shown along 
the circular axis which improves as a model is located close 
to observation on the x-axis. Normalized standard devia-
tion (SD) of observation is taken as 1, while the SD of each 

model is shown in terms of its distance from the observation. 
Similarly, RMSD of each model is shown as the distance 
from the observations on the x-axis. The Taylor diagram is 
computed for the entire KRB by evaluating all 21 models 
of NEX-GDDP data for both temperature and precipitation 
against the observed data of ANUSPLIN.

Probable shifts in the means, the standard deviations, the 
skewness, and the kurtosis of the normal frequency distribu-
tion of both temperature and precipitation are analyzed over 
the entire Kabul Basin using Probability Density Functions 
(PDFs). The PDFs respond to shifts in the distributions on 
means and extremes. They have the ability to depict differ-
ent changes in distributions between the present and future 
climate and their reactions on the mean and extreme values 
of the distributions. They can show the effects of a simple 
shift of the complete distribution approaching a warmer cli-
mate. They can illustrate the effects of escalation in vari-
ability with no shift in the mean. Moreover, the effects of 
a reshaped distribution, e.g., a change in symmetry of the 

Fig. 3  Geographical distributions of bias for mean precipitation (mm) and between the raw GCMs’ multi-model ensemble and observation 
(ANUSPLIN) and NEX-GDDP multi-model ensemble from 1975 to 2005



483Future Climate Change Projections of the Kabul River Basin Using a Multi-model Ensemble of…

1 3

distribution, can also be identified based on the shapes of 
a PDF. The outcomes of time-dependent PDFs indicate a 
shift of the variables towards higher/lower values in the 
projected period in contrast to the recent/older period with 
corresponding homogeneous/heterogeneous changes in the 
variance.

3  Results and Discussion

3.1  Historical Climate

Figure 2 shows historical climatology of precipitation for 
annual, JJAS, and DJFM from raw CMIP5 GCMs, compared 
to NEX-GDDP and to observations (ANUSPLIN). As evi-
dent in Fig. 2 (top row), NEX-GDDP is showing a very good 
match with observations in terms of both spatial patterns 

and the mean value of the precipitation on annual and sea-
sonal scales. However, the precipitation varies greatly across 
the domain and annual precipitation ranges from 350 to 
800 mm. During the summer season, annual precipitation is 
lowest on the Afghanistan side of the basin, ranging between 
50 and 100 mm and gradually increasing towards the east-
ern parts of the basin up to 600 mm. Winter precipitation is 
mostly between 200 and 450 mm, reflecting both seasonal 
snow and rainfall brought by western disturbances (Yadav 
et al. 2010). As evident, NEX-GDDP has outperformed raw-
GCM is simulating the amount and spatial extent of both 
summer and winter precipitation when compared with the 
observed data set. The spatial differences are shown in terms 
of biases between raw GCMs and ANUSPLIN, as well as 
between NEX-GDDP and ANUSPLIN (see Fig. 3). NEX-
GDDP remarkably reduced the overestimation of precipita-
tion by raw GCMs over the higher northeast parts of KRB, 

Fig. 4  Historical climatology of mean temperature (°C) (1975–2005) as produced by NEX-GDDP multi-model ensemble (top row), raw GCMs 
ensemble (middle row), and observed (bottom row)
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which is mostly snow-covered and glaciated. While raw 
GCMs not only underestimated the amount of precipitation, 
a dry bias of more than 40 mm, they also failed to capture 
the observed spatial variation in lower parts of KRB, which 
is within the extent of monsoon currents during summer. 
Similarly, raw GCMs underestimated winter precipitation 
(dry bias) mostly over the western parts of the KRB, while 
NEX-GDDP again showed very good spatial match and 
small biases (Figs. 2, 3). In the high elevation areas, CMIP5 
GCMs failed to catch the local-scale variation in tempera-
ture, which is accurately represented by NEX-GDDP and 
consistent with observations.

Historical climatology of the mean temperature for 
KRB from the NEX-GDDP ensemble models, ensemble 
raw GCMs, and ANUSPLIN is shown in Fig. 4. Again, 
NEX-GDDP showed a close spatial pattern and an ampli-
tude of mean temperature with the observations on both 
an annual and seasonal basis. Mean annual temperatures 
range between − 3 and 21 °C. The northern parts of KRB 

show relatively low mean temperatures due to high eleva-
tion, snow receiving peaks. During the summer season, the 
temperature mostly ranges between 15 and 33 °C. During 
winter, the temperature is as low as − 7 °C in the northern 
parts of the basin by both observed and NEX-GDDP ensem-
ble. The range of mean temperature on all three averaging 
periods shows a very good agreement with the observations 
as compared to raw GCMs. The spatial biases of historical 
temperature are shown in Fig. 5. Both the higher magnitude 
and the large extent of bias (mostly cold) are evident for raw 
GCMs as compared to NEX-GDDP. Raw GCMs ensemble 
show very cold bias (more than 4 °C) over most parts of 
KRB, except a few parts showing a warm bias (up to 3 °C). 
In case of NEX-GDDP, there still exist noticeable differ-
ences with observation in terms of magnitude, but an overall 
improvement can be seen.

Skills of individual models (both raw GCMs and down-
scaled NEX-GDDP) for the climatology of the seasonal 
cycle of basin-averaged precipitation over KRB is shown 

Fig. 5  Geographical distributions of bias for mean temperature (°C) and between the raw GCMs’ multi-model ensemble and observation 
(ANUSPLIN) and NEX-GDDP multi-model ensemble from 1975 to 2005



485Future Climate Change Projections of the Kabul River Basin Using a Multi-model Ensemble of…

1 3

in Fig. 6. It is obvious that raw GCMs exhibit quite vary-
ing skill (both underestimation/overestimation) and a large 
inter-model spread in simulating the observed precipitation 
(Fig. 6a). In Fig. 6b, the NEX-GDDP effectively corrects the 
relative bias in the seasonal cycle of all models and removes 
the inter-model spread of precipitation which was shown 
by raw GCMs (Fig. 6b). Therefore, all models of the NEX-
GDDP data set are included in the multi-model ensemble to 
project future changes.

The Taylor diagram shows that all models of NEX-GDDP 
have a very high agreement with observations as compared 
to raw GCMs (Fig. 7). Not only are the inter-model agree-
ment improved, but the individual models show a very good 
correlation coefficient with observation. The highly consist-
ent statistics of temperature and precipitation produced by 

NEX-GDDP can be attributed to bias correction and terrain-
specific corrections. Since the same data set (GMFD) was 
used for the construction of bias-corrected NEX-GDDP 
data, the resulting models have a high agreement which is 
more evident in the case of temperature (Fig. 7b). There-
fore, projections of temperature and precipitation based on 
NEX-GDDP tend to be more robust as compared to raw 
CMIP5 GCMs, particularly the downscaling technique 
employed resulted in the efficient representation of seasonal 
precipitation.

3.2  Future Climate Change

Figure  8 shows the ensemble-based median projected 
changes in temperature with respect to the historical period 

Fig. 6  Annual cycle of climatological mean basin-averaged precipitation (mm): a raw GCMs and b NEX-GDDP data set
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under RCP4.5. On an annual basis, an increase of 1.5–1.8 °C 
is observed during near-term; an increase of 2.7–3 °C dur-
ing mid-term; the highest rise of 3.2–3.7 °C by the EOC. 
During the JJAS, the future projections show an increase of 
1.5–2.1 °C during near-term; 2.7–3.2 °C during mid-term 
and 3.2–3.7 °C during EOC. Similarly, an overall warm-
ing of 1.5–1.8 °C is shown during the DJFM near-term; 
2.8–3.1 °C during mid-term and 3.5–4 °C during EOC. The 
warming appears more dominant in the western part of the 

KRB for both annual and seasonal climatology. Increases 
in temperature are consistent with the previous findings of 
2–4 °C over the same region (Wu et al. 2017). The projected 
rise in mean temperature is significant during 95% confi-
dence level.

Figure 9 shows the median projected changes in precipi-
tation for KRB under RCP4.5. A negative change in pre-
cipitation can be seen across the KRB during the twenty 
first century. The magnitude of the decrease is large during 

Fig. 7  Taylor diagram based 
on monthly basin mean: a pre-
cipitation and b temperature for 
Kabul River Basin. Squares cor-
respond to the raw GCMs, while 
triangles refer to NEX-GDDP 
data sets. Small square marks 
reference (observed) precipita-
tion data set on x-axis, while 
observed temperature is marked 
by hollow circle on x-axis
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DJFM, where a remarkable change can be seen during mid-
term and EOC. The percentage of negative change is almost 
50% and more across the KRB. During JJAS, there is spatial 
variation in terms of changes in precipitation from the west 
to east. The lower parts of the KRB, on the Pakistan side, 
show a slight decrease of around 20–30% while the western 
parts, mostly on the Afghanistan side, show a more negative 
change of around 50%. However, in contrast to temperature 
projections, the significant test does not indicate the robust-
ness of these changes due to a disagreement of models for 
precipitation.

Figure 10 represents the climatology of projected median 
changes in temperature for the twenty first century under 
the RCP8.5 scenario. Annual average temperatures undergo 
an increase of 1.6–2 °C in the near-term over most parts 
of the basin and increase gradually towards the EOC as it 

reaches up to 6.4 °C in the northern (snow-covered) region. 
It is observed that temperature change is much more drastic 
during DJFM, as compared to JJAS. The DJFM temperature 
rise starts from a range of 1.8–2 °C in the near-term and is 
projected to reach 5.8–6.8 °C by the EOC. The consistent 
increase in temperature until the end of the century is attrib-
uted to the fact that RCP8.5 is a continuous GHG emission 
rise scenario under which the radiative forcing will continue 
to feed the rising temperatures until the end of the century 
(Riahi et al. 2011). The projected warming is significant at 
a 95% confidence level on all climatic scales.

Figure 11 represents the projection of change in precipi-
tation for three future periods (near-term, mid-term, and 
EOC), as compared to the historical precipitation under 
RCP8.5. Annual mean precipitation decreases slightly (− 15 
to 30%) over most parts of the domain during near-term. The 

Fig. 8  Ensemble median projected changes in spatial distribution and 
magnitude of annual, summer (JJAS), and winter (DJFM) mean tem-
perature (°C) for the periods 2010–2039, 2040–2069, and 2070–2099 

under RCP4.5 with reference to the baseline period 1975–2005. The 
hatch represents significance at ≥ 95% confidence level from a two-
sample t test
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increasing extent of a high negative change is seen towards 
the EOC with a decrease of more than 40%. JJAS projections 
indicate a slight change in precipitation (− 5 to 20%) over 
most parts of KRB, while the lower parts (which are within 
the reach of monsoon) show a slight increase in precipita-
tion (0–15%) by the EOC. DJFM precipitation is shown to 
decrease strongly towards the EOC where the whole region 
shows a decrease of more than 40%. However, the signifi-
cance of these changes is not validated at a 95% confidence 
interval.

Figure 12a represents a frequency distribution of mean 
temperature averaged over the entire KRB for past and 
future periods during JJAS under the RCP4.5 scenario. 
The summer temperatures are projected to show warming 
in all future periods. The frequency distribution is nega-
tively skewed, with more values shifting towards maximum 

temperatures near the end of the century. The highest 
occurring temperature in the summer season is 19  °C 
(1975–2005) with an occurrence rate of around 1000 days. 
According to the projections, by the end of the twenty first 
century, this value would go up to as high as 24 °C with 
an occurrence rate of 800 days. Figure 12b represents a 
positively skewed distribution in DJFM, with temperature 
ranges from − 5 to 14 °C. There is a significant shift in 
temperatures in all future projections as compared to the 
baseline. The maximum shift is found during 2070–2099, 
where temperatures vary from − 1 to 14 °C compared to the 
baseline range of − 5 to 9 °C.

Figure 12c shows a frequency distribution of annual 
average temperatures for baseline and future projections 
(RCP4.5). A shift towards more warming can be seen in 
future projections compared to the baseline. The baseline 

Fig. 9  Ensemble median projected changes in spatial distribution 
and magnitude of annual, summer, (JJAS) and winter (DJFM) pre-
cipitation (%) for the periods 2010–2039, 2040–2069, and 2070–2099 

under RCP4.5 with reference to the baseline period 1975–2005. The 
hatch represents significance at ≥ 95% confidence level from a two-
sample t test
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annual temperature varies from − 5 to 21 °C, which shifts 
towards − 1 to 24 °C towards the end of the century. The dis-
tribution is negatively skewed with a maximum occurrence 
(1000 days) observed for 24 °C at the end of the century. 
The value of kurtosis as represented in Table 2 is negatively 
increasing which can also be observed in Fig. 12c, which 
represents the concentration of data at the tail instead of 
the peak.

Figure 13a, b shows frequency distributions of precipita-
tion for annual, JJAS, and DJFM, respectively, under the 
RCP4.5 scenario. Overall, both summer and winter pre-
cipitation are likely to decrease in future projections. The 
decrease in summer precipitation is more significant dur-
ing near-term, whereas the frequency distribution remains 
almost the same during mid-term and EOC. Figure 13c 
represents the frequency distribution of daily precipitation 

on an annual basis for baseline and future projections. A 
slight decrease in the frequency of precipitation events was 
observed in all future projections. The frequency distribu-
tion is positively skewed with most of the values between 
0.5 and 4.5 mm/day. Similarly, Table 3 shows the summary 
characteristics of the frequency distribution curves. It shows 
maximum skewness during near-term and a maximum stand-
ard deviation (SD) during EOC, which means that extreme 
events are likely to increase by the end of the century.

Similar to Fig. 12, Fig. 14a represents the histogram 
for mean temperatures in JJAS. It follows a similar pat-
tern as RCP4.5, with the highest frequency of 1000 days 
for a temperature value of 19 °C during 1975–2005. How-
ever, according to the projections, by the end of the twenty 
first century, this value would go up as high as 26 °C with 
an occurrence rate of 1000 days. Figure 14b represents a 

Fig. 10  Ensemble median projected changes in spatial distribution 
and magnitude of annual, summer (JJAS), and winter (DJFM) mean 
temperature (°C) for the periods 2010–2039, 2040–2069, and 2070–

2099 under RCP8.5 with reference to the baseline period 1975–2005. 
The hatch represents significance at ≥ 95% confidence level from a 
two-sample t test
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histogram of temperature for the DJFM. During the histori-
cal period (1975–2005), the highest occurrence (628 days) 
was observed for a mean temperature of − 2 °C. In the sub-
sequent years, the occurrences of high mean temperatures 
have increased and, by the end of the century, the highest 
number of occurrences was observed at 5 °C. For mean 
annual temperature (Fig. 14c), the visible shift in the fre-
quency distributions of mean temperature can be seen, i.e., 
from − 5 to 20 °C during 1975–2005 to 5–26 °C during 
EOC. The shift is evident from the values of skewness and 
kurtosis represented in Table 4. Figure 15a demonstrates 
the histogram of past and future precipitations during the 
summer season. Normal precipitation distribution lies from 
0 to 5.5 mm/day during JJAS. However, in future periods, 
a decrease in the occurrence of high precipitation events is 
seen, although the tail of the distribution is slightly skewed 

towards higher precipitation events in the future. During 
winter (Fig. 15b), no notable change in distribution can be 
observed. Figure 15c shows precipitation ranges from 0 to 
8 mm/day on an annual basis during past and future periods. 
The highest number of occurrences for precipitation events 
lies between 0.8 and 3.2 mm/day. The right shift is attributed 
to the fact that the value of skewness increased negatively, 
whereas the negative values of kurtosis show that the data 
are concentrated at the tail of the distribution rather than 
at the peak. Unlike temperature, both annual and seasonal 
(JJAS and DJFM) precipitation remain positively skewed; 
the right tail is longer; the mass of the distribution is con-
centrated on the left. Table 5 represents the kurtosis, apart 
from the summer season, consistently increased, showing 
the concentration of data at the peaks and elongated tails 
due to an increase in skewness as well.   

Fig. 11  Ensemble median projected changes in spatial distribution 
and magnitude of Annual, summer (JJAS), and winter (DJFM) pre-
cipitation (%) for the periods 2010–2039, 2040–2069, and 2070–2099 

under RCP8.5 with reference to the baseline period 1975–2005. The 
hatch represents significance at ≥ 95% confidence level from a two-
sample t test
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4  Summary and Conclusions

NEX-GDDP is the most recent and up-to-date data set of 
statistically downscaled climate change projections that has 
benefited over raw CMIP5 GCMs in many aspects. Due to 
their coarse resolution, GCMs are not suited for catchment 
scale studies such as our study area; therefore, NEX-GDDP 
significantly overcomes this GCMs’ limitation. Its high reso-
lution provides valuable regional-scale information about 
climate change. Before looking into future changes in mean 
temperature and precipitation, a detailed investigation of 
NEX-GDDP evaluation against observations and CMIP5 
raw GCMs is performed for the KRB. NEX-GDDP past 
climatology on an annual and seasonal basis is reasonably 
well matched with spatial features of the high-resolution 
observed data set. Taylor diagrams and seasonal cycles of 
NEX-GDDP-based models reveal very encouraging results 
in terms of the robustness and efficiency of these data in 
providing high-resolution regional climate change informa-
tion. NEX-GDDP showed improved performance statistics 

Fig. 12  Comparison of frequency distribution curve of a summer (JJAS), b winter (DJFM), and c annual temperature for future periods 2010–
2039, 2040–2069, 2070–2099, and the baseline period 1975–2005 over the entire Kabul River Basin under RCP4.5

Table 2  Summary statistics of the frequency distribution of mean 
temperature (°C) for future periods 2010–2039, 2040–2069, 2070–
2099, and the baseline period 1975–2005 under RCP 4.5

Year Skew Kurtosis SD Mean

Annual
 1975–2005 − 0.08 − 1.41 7.60 8.56
 2010–2039 − 0.08 − 1.43 7.88 10.13
 2040–2069 − 0.09 − 1.43 7.89 11.18
 2070–2099 − 0.06 − 1.43 7.77 11.89

JJAS
 1975–2005 − 1.17 0.29 2.43 17.13
 2010–2039 − 1.17 0.41 2.21 18.90
 2040–2069 − 1.16 0.23 2.52 19.60
 2070–2099 − 1.04 − 0.23 3.14 19.82

DJFM
 1975–2005 0.60 − 0.49 2.85 0.04
 2010–2039 0.71 − 0.62 2.89 1.24
 2040-2069 0.74 − 0.63 3.35 2.68
 2070–2099 0.64 − 0.89 3.81 4.15
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of historical climatology compared to CMIP5 raw GCMs 
in terms of reducing biases of monthly temperature and 
precipitation, particularly topography-related precipitation 
errors in GCMs, thus improving the accuracy and reliability 
of future projections. The multi-model ensemble of NEX-
GDDP for the historical period (1975–2005) captures the 
spatial patterns of both temperature and precipitation in 
accordance with the observational data set. All three model 
performance evaluation statistics, i.e., the standard devia-
tion (SD), Pearson’s correlation, and root-mean-square dif-
ference (RMSD), are in agreement with the observed data. 
Bao and Wen (2017) drew a similar conclusion by evaluat-
ing NEX-GDDP and original GCMs against observations 
in China. They recommended the use of NEX-GDDP data 
sets for climate change studies at the local scale, owing to 
its performance in representing past extremes apart from 
means. Another study using NEX-GDDP was conducted by 
Chen et al. (2017) to evaluate the representation of historical 
precipitation extremes in China by NEX-GDDP data sets. 
Therefore, the projections of temperature and precipitation 

Fig. 13  Comparison of frequency distribution curve of a summer (JJAS), b winter (DJFM), and c annual precipitation (mm/day) for future peri-
ods 2010–2039, 2040–2069, 2070–2099, and the baseline period 1975–2005 over the entire Kabul River Basin under RCP4.5

Table 3  Summary statistics of the frequency distribution of precipita-
tion (mm/day) for future periods 2010–2039, 2040–2069, 2070–2099, 
and the baseline period 1975–2005 under RCP 4.5

Year Skew Kurtosis SD Mean

Annual
 1975–2005 1.56 3.09 1.27 1.73
 2010–2039 1.77 4.64 1.34 1.77
 2040–2069 1.54 3.29 1.28 1.74
 2070–2099 1.75 4.77 1.37 1.76

JJAS
 1975–2005 1.16 1.91 0.66 1.17
 2010–2039 1.41 3.62 0.70 1.23
 2040–2069 1.37 3.39 0.71 1.19
 2070–2099 1.56 4.41 0.77 1.19

DJFM
 1975–2005 1.02 1.12 1.52 2.51
 2010–2039 1.31 2.51 1.62 2.50
 2040–2069 0.97 1.31 1.55 2.52
 2070–2099 1.19 2.75 1.63 2.71



493Future Climate Change Projections of the Kabul River Basin Using a Multi-model Ensemble of…

1 3

using NEX-GDDP data sets are comprehensive and at the 
finest scale and, when used with hydrological models, will 

improve the understanding of future water resources availa-
ble in the near-term and long-term under a changing climate.

Future projections of both mean temperature and precipi-
tation are discussed for near-future, mid-term, and EOC. As 
seen from frequency distribution curves of the mean temper-
ature, the shape is shifting rightward towards the end of the 
century with references to the historical period, indicating 
a warmer climate that could result in accelerated snow and 
glacier melt processes. However, it needs further investiga-
tions using hydrological modeling. With reference to past 
climates, future mean temperatures show a consistent rise 
in the future averaging period, particularly during mid-term 
and EOC for the entire KRB. However, high spatial vari-
ability exists in the thermal regime in the future. During the 
mid-century, the mean temperature may rise by 3.2 °C in 
the western parts of the domain under RCP4.5. Warming 
is further pronounced in the EOC (up to 3.7 °C) on both 
seasonal and annual basis. The rise in temperature is further 
enhanced when results under RCP8.5 scenario are analyzed. 
The range of temperature changes by the end of the century 
is 5.8–6.8 °C during DJFM. A noticeably enhanced warming 
can be seen for DJFM as compared to JJAS. The statistical 

Fig. 14  Comparison of frequency distribution curve of a summer (JJAS), b winter (DJFM), and c annual temperature (°C) for future periods 
2010–2039, 2040–2069, 2070–2099, and the baseline period 1975–2005 over the entire Kabul River Basin under RCP8.5

Table 4  Summary statistics of the frequency distribution of mean 
temperature (°C) for future periods 2010–2039, 2040–2069, 2070–
2099, and the baseline period 1975–2005 under RCP 8.5

Year Skew Kurtosis SD Mean

Annual
 1975–2005 − 0.08 − 1.41 7.60 8.56
 2010–2039 − 0.08 − 1.42 7.78 10.32
 2040–2069 − 0.08 − 1.41 7.87 12.07
 2070–2099 − 0.09 − 1.44 7.74 14.50

JJAS
 1975–2005 − 1.00 0.26 2.24 16.96
 2010–2039 − 1.10 0.31 2.15 19.00
 2040–2069 − 1.03 0.02 2.64 20.53
 2070–2099 − 1.19 0.45 2.77 22.63

DJFM
 1975–2005 0.60 − 0.48 2.84 0.03
 2010–2039 0.63 − 0.68 2.90 1.59
 2040–2069 0.71 − 0.56 3.50 3.69
 2070–2099 0.60 − 0.74 3.51 6.46
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significance of these changes is tested using student t test at 
a 95% confidence level.

Projected changes in precipitation vary considerably in 
terms of both spatial variations and the magnitude of change. 
These variations are attributed to the presence of high eleva-
tion peaks and valleys in the domain, which result in an 
uneven distribution of precipitation across the basin under 
both emission scenarios. Under the RCP4.5 scenario, there 
is an evident decrease in twenty first century DJFM pre-
cipitation (up to 50% and more) across the KRB. During 
JJAS, the decrease in precipitation is more pronounced on 
the western parts of KRB in Afghanistan. Future precipita-
tion under the RCP8.5 scenario shows a higher magnitude 
of precipitation decline as compared to RCP4.5. Summer 
precipitation is seen to decrease less compared to DJFM, 
while a slight positive change (0–15%) can also be seen in 
monsoon-approached parts of the KRB. Strong negative 
change signal, along with an increase in warming, may 
induce frequent occurrences of flash floods and affect stream 
flow dynamics. However, the hydrological responses to these 
climatic changes need to be simulated.

The results presented in this study provide a detailed esti-
mation of future projections of temperature and precipitation 
in the KRB in relation to two emission scenarios. The infor-
mation provided here can be used to further assess water 
resources using impact assessment models and can build a 

Fig. 15  Comparison of frequency distribution curve of a summer (JJAS), b winter (DJFM), and c annual precipitation (mm/day) for future peri-
ods 2010–2039, 2040–2069, 2070–2099, and the baseline period 1975–2005 over the entire Kabul River Basin under RCP8.5

Table 5  Summary statistics of the frequency distribution of precipita-
tion for future periods 2010–2039, 2040–2069, 2070–2099, and the 
baseline period 1975–2005 under RCP 8.5

Year Skew Kurtosis SD Mean

Annual
 1975–2005 1.56 3.09 1.27 1.73
 2010–2039 2.14 11.83 1.36 1.79
 2040–2069 2.53 15.90 1.39 1.77
 2070–2099 2.90 23.24 1.43 1.79

JJAS
 1975–2005 1.16 1.90 0.66 1.17
 2010–2039 1.54 3.46 0.97 1.48
 2040–2069 1.95 6.53 1.05 1.46
 2070–2099 1.54 3.39 1.13 1.58

DJFM
 1975–2005 1.02 1.12 1.52 2.52
 2010–2039 1.88 10.61 1.68 2.50
 2040–2069 2.16 12.72 1.76 2.64
 2070–2099 2.66 19.59 1.83 2.70
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knowledge base for policy making and adaptation efforts of 
both Pakistan and Afghanistan. However, the uncertainties 
associated with the use of multi-model ensembles and local 
topographic-based climate processes should be carefully 
considered when using these projections and feed them into 
a hydrological model.
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Abstract
This paper aims to contribute to the understanding of climate risks and vulnerability facing cotton farmers in semi-arid 
regions of Pakistan. Given the ever-increasing climate change impacts on cotton production in Pakistan, especially in semi-
arid regions where water scarcity puts additional pressure on water sensitive agricultural livelihoods, we have conducted 
this study to identify climate risks facing cotton farmers in two semi-arid districts of Punjab province (average annual con-
tribution to total cotton production is 80%), based on various climate indicators (such as temperature, rainfall and climate 
extremes.). A mix of qualitative and quantitative methods has been used to explore factors of vulnerability and comparative 
vulnerabilities. In the cotton production stage, we found that vulnerability to climate change decreases with increase in the 
size of the landholding, mainly because large farmers have more financial resources at their disposal to deal with adverse 
climate impacts, such as crop damages and losses. Adaptive capacity, on the other hand, is found to be one of the significant 
factors determining the overall vulnerability at the household level, as level of exposure and sensitivity do not differ across 
different sized households. In other words, indicators of adaptive capacity, such as access to financial resources, diversified 
livelihoods and access to weather information plays a major role in reducing vulnerability against climate change.

Keywords Vulnerability · Adaptation · Value chain · Climate change

1 Introduction

Climate change is exacerbating the existing challenges of the 
agriculture sector (IPCC 2014), especially for agro-based 
economies, such as Pakistan, which has severe implications 
for productivity, livelihoods and economic growth (Siddique 
et al. 2012). Agriculture is the backbone of Pakistan’s econ-
omy. It accounts for 19.5% of the gross domestic product 
(GDP), employs 42.3% of the total labour force and provides 
raw material for several value-added sectors ((GoP) Govern-
ment of Pakistan 2017). Within agriculture, cotton is one of 
the major sectors driving economic growth of the country. 
It contributes 5.2% to the agricultural value addition and 

has a share of 1.0% in the GDP of Pakistan ((GoP) Govern-
ment of Pakistan 2017). While cotton production declined 
significantly during 2015–2016, primarily due to flood (a 
major impact of climate change), the policy focus has shifted 
to agriculture and especially to the cotton sector. This is also 
in recognition 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, textile industry, a major industrial sector of the 
country, is largely dependent on the cotton crop for produc-
tion and hence any adverse impact on local cotton crop has 
implications for textile sector (in the form of reduced input 
supply) and in turn, for the national economy (Batool and 
Saeed 2017).

Studies based on the station observations found an 
increasing trend of temperature in Pakistan (Río et  al. 
2013; Sheikh et al. (2009); ADB (2017); Sadiq and Qureshi 
(2010); Khattak and Ali 2015; Ali et al. 2016). Moreover, 
future projections based on climate modelling also sug-
gest a continuation of this trend (Batool and Saeed 2017; 
Saeed and Athar 2017). Besides mean temperature, climate 
extremes such as heat waves also show an increasing trend 
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both in the past and in future projection for Pakistan (Maida 
and Rasul 2010; Saeed et al. 2017). Furthermore, studies 
also point towards an increase in temporal and spatial vari-
ability of precipitation both in the past as well as future (Ali 
et al. 2016; Ikram et al. 2016; Salma et al. 2012; Hussain and 
Lee (2014); Siddique et al. 2012). This has consequences 
not only in terms of droughts and dry spells, but combine 
effect of snow/ice melting and heavy monsoon precipitation 
makes the country very vulnerable to flooding events. As a 
result of these climate impacts, there are a huge number of 
reported evidences of increased poverty, food insecurity and 
health deterioration (Asian Development Bank 2017). Not 
only this, livestock, forestry, water, energy, transport and 
agriculture sector in particular have found to be adversely 
affected by climate change to a large extent (Asian Develop-
ment Bank 2017). This in turn, have huge implications for 
the livelihoods of millions of people associated with these 
sectors and their value chains1 (Batool and Saeed 2017).

Cotton is considered to be a highly sensitive crop and 
climate change (both gradual change and extreme events) 
is expected to have profound impacts on its productivity 
(Ton 2011). Cotton crop is particularly vulnerable to high 
temperatures,  CO2 concentration in the atmosphere, low 
water availability, high atmospheric evaporation rate and 
heat stress (MacKerron 2001; Richardson et al. 2002; Singh 
et al. 2007; Bange 2007). A comparative analysis of climate 
impact on cotton crop across several countries, including 
China, Pakistan, Australia, the US and Brazil among others, 
indicates that a likely decrease in rainfall along with rising 
temperatures will likely cause the cotton’s demand for water 
to increase in all of the study areas (Ton 2011). While the 
pace of glacial depletion is getting faster, there is a likeli-
hood that water in the Indus River (shared by Pakistan, India 
and China), which is a major source of irrigation for nearby 
cotton producing regions, would start to run dry by the end 
of this century (Kakakhel 2015).

These studies exclusively highlight direct impacts of cli-
mate change on crop production (including productivity and 
yield) and do not take into account impacts on livelihoods of 
the farmers. However, given huge macro-economic implica-
tions of climate change and agricultural production being 
an entry point for climate impacts, it is important to dive 
deep into the micro-level impacts to identify and address 
key climate risks. In addition to understanding future climate 
risks, vulnerability assessment is the key to build resilience 
through targeted interventions which can help to reduce 
identified vulnerabilities. While every region has faced 
with varying degrees and types of climate vulnerabilities, 
depending on geographical, social, economic and cultural 

features, a one-size-fits-all solution cannot work (Hinkel 
2011). Hence, there arises a need for vulnerability assess-
ments that are specific to location and sector that can guide 
practitioners and policy makers to devise and implement 
targeted policy actions (Panthi et al. 2016).

Limited literature exists on farm level livelihood vul-
nerabilities in Pakistan. Rehman et al. (2018) hint towards 
deteriorating incomes as a result of changing climate. Food 
security vulnerability arising out of climate change is briefly 
highlighted in Ullah (2017). CIAT and World Bank (2017) 
also highlight infrastructure damages and employment losses 
in the aftermath of climate extreme events. Asian Develop-
ment Bank (2017) also found significantly negative impact 
of changing climate on the livestock, which is one of the 
major sources of livelihood for farmers in Pakistan. Apart 
from these, a major concern of the farmers now is climate 
impacts on crop production. Crop production in Pakistan is 
projected to reduce by 8–10% by 2040 as a result of increase 
in temperature (Dehlavi et al. 2015). In terms of adapta-
tion, Abid et al. (2015) found that adaptation practices at 
local level pertains to simple measures such as changing 
of crop sowing date, as opposed to advance management 
technologies.

In this backdrop, this study focuses on understanding 
the climate risks and vulnerabilities facing cotton farmers 
in Pakistan. The findings of this paper can help generate 
evidence on how cotton farmers in semi-arid regions are 
affected by climate impacts, and more importantly, how 
social differentiation determines the level of vulnerabil-
ity between different landholders and locations. Enhanced 
understanding on these issues would be beneficial in design-
ing targeted policy interventions for building resilience of 
cotton farmers in the face of ever-increasing climate risks. 
The targeted focus on semi-arid regions is because of the 
fact that Pakistan’s water resources are under great threat of 
climate change, especially in semi-arid regions (Salik et al. 
2015).

The paper is organized as follow; Sect. 2 details the meth-
odology adopted for this study, Sect. 3 presents extensive 
discussion on results and Sect. 4 concludes the paper with 
policy recommendations for enhancing resilience of cotton 
farmers, to climate risks.

2  Data and methodology

This research paper follows the mixed methods research 
approach that integrates both qualitative and quantitative 
tools to explore research questions in depth. The broader 
aim of this paper is to understand and explore climate risks 
facing cotton farmers for promoting climate-resilient live-
lihoods and economic development. In line with this, the 
paper will address the following two research questions:

1 A value chain is a cumulative process through which a product 
gains value at each step before reaching end users.
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a. What are the current and future climate change risks at 
the cotton production stage?

b. What are some of the factors of differential vulnerability 
across various socio-economic groups and locale?

We started our analysis with identification of future cli-
mate risks for cotton production in Pakistan and particularly 
for study sites, using a global gridded crop model called 
EPIC (Environmental Policy Integrated Climate Model) 
(Williams et al. 1989) which is an agro-ecosystem model 
running with a daily time step. It simulates crop develop-
ment and yield, hydrological, nutrient and carbon cycles and 
a wide range of crop management activities. It takes inputs 
of minimum and maximum temperature (°C), precipitation 
(mm), global radiation (MJ m−2),  CO2 concentration, dif-
ferent soil properties, crop heat requirement. In addition, 
it also takes different parameters related to soil properties 
and crop management as input. The data used for this paper 
was produced as a part of ISIMIP (Inter-Sectoral Impact 
Model Inter-comparison Project) initiative (Warszawski 
et al. 2014).

For these simulations, underlying assumptions include 
the use of Representative Concentration Pathway (RCP) 8.5 
scenario, the use of Shared Socio-Economic Pathway (SSP) 
2 scenario, the representation of full irrigation, and the rep-
resentation of  CO2 fertilization. In ISIMIP, all crop models 
(including EPIC) are forced with only five Global Climate 
Models (GCMs) which are HadGEM2-ES, MIROC-ESM-
CHEM, IPSL-CM5A-LR, GFDL-ESM-2 M and NorESM1-
M. Hence, the present analysis is based on the ensemble 
of these five climate models which is presented by taking 
the relative difference of four future period (2016–2035, 
2036–2055, 2056–2075, 2076–2095) against historical 
period of 1981–2000. Spatially averaged future yields are 
also presented for the provinces of Punjab and Sindh which 
together accounts for more than 95% of country’s cotton pro-
duction. The data from a global gridded crop model EPIC, 
forced with five different global climate models (GCMs) 
runs is obtained from ISIMIP (Inter-Sectoral Impact Model 
Inter-comparison Project) database (Warszawski et al. 2014). 
For this simulation, underlying assumptions include the use 
of Representative Concentration Pathway (RCP) 8.5 sce-
nario, the use of Shared Socio-Economic Pathway (SSP) 2 
scenario, the representation of full irrigation, and the repre-
sentation of  CO2 fertilization. In earlier literature, RCP 8.5 
and SSP2 are both referred as ‘business as usual’ and ‘mid-
dle of the road’, respectively (Fricko et al. 2017). Moreover, 
among the four IPCC AR5 scenarios, RCP 8.5 is the highest 
emission scenario.

For farm level climate impacts information, we carried 
out an extensive survey of 436 farming households (cotton 
farmers) in two semi-arid districts of Punjab province (see 
full map in “Appendix 1”). The questionnaire was composed 

of close-ended questions related to household (household 
members, education, gender ratio) and farm (irrigation pat-
tern, type of crops, level of production, climate impacts) 
level information. Key Informant Interviews (KIIs) and 
Focused Group Discussions (FGDs) were also done to 
gain further insights into the vulnerability at community 
level. Dera Ghazi Khan (DGK) and Faisalabad (FSD) were 
selected as study sites, based on their high contribution to 
the total cotton production of the country (42% of the cotton 
production in semi-arid regions in Punjab comes from these 
two districts). Three union councils (UC) were selected in 
DGK (namely, Kala, Mana Ahmadani and Mor Jhangi) and 
one in FSD (namely 91), based on their cotton production 
averages in the last 10 years. The selection of UCs was car-
ried out to capture the diversity in climate risks and vulner-
abilities within the study sites, with DGK UCs (Kala, Mana 
Ahmadani, Mor Jhangi) being sensitive to hill torrent and 
riverine flooding, while FSD UC (91) to heat extremes. The 
detailed description of the UCs is presented in “Appendix 
2”.

A sampling framework was developed in collaboration 
with the local (district level) agriculture department. A full 
list of cotton farmers (140–160 per UC) was developed for 
each UC and then a minimum of 100 randomly selected 
farmers were interviewed in each UC. To ensure that the 
survey captured different land tenure systems as well, the 
following categorization was made for each UC: landless 
farmers (tenants,2 sharecroppers3 and contractors4) small 
farmers (holding less than 12 acres of land), medium farm-
ers (holding more than 12 acres but less than 25 acres) and 
large farmers (holding more than 25 acres).5 A minimum of 
75 landholders6 and 25 in each UC were interviewed. The 
category-based data allowed us to make comparisons across 
different landholdings and location.

Table 1 further elaborates the sample size as per each 
category of farmers. While DGK has a greater share of cot-
ton production than FSD, 75% of the sample was selected 
from DGK whereas FSD accounted for 25% of the sample.

2 A person who occupies a land rented from a landlord.
3 A tenant farmer who gives a part of each crop as rent.
4 A daily wage labourer working for landholder under a seasonal 
contract.
5 The categorization is done based on the official categories of differ-
ent farmers done by the Pakistan Bureau of Statistics.
6 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 is difficult to find farmers cultivating cotton on more than 25 
acres of land.
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2.1  Calculation of vulnerability index

Both top-down (e.g. climate modelling-based approaches) 
and bottom up approaches (focus on what causes communi-
ties 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, lack of site-specific cli-
mate data allowed us to opt a bottom-up approach to iden-
tify climate vulnerabilities facing cotton farmers. One of 
the major advantage of using a bottom-up approach is that 
it helps in the identification of vulnerable groups and differ-
ences in vulnerabilities (even at small spatial scale) (Hinkel 
et al. 2014).

Moreover, to carry out vulnerability assessment, we fol-
lowed the vulnerability framework defined in IPCC AR4 i.e.

Vulnerability = ƒ (exposure, sensitivity, adaptive capacity)
This implies that vulnerability of an individual or house-

hold is directly proportional to exposure and sensitivity, 
whereas it is inversely proportional to adaptive capacity. This 
relationship has been endorsed by various experts includ-
ing Adger (2006); Weis et al. 2016; Metzger and Schröter 
(2006), etc. 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 cul-
tural assets in places that could be adversely affected (IPCC 
2014). 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 (Car-
dona et al. 2012). Adaptive capacity plays a positive role 
in decreasing vulnerability against climate threat through 
adjustments in current behaviours. Some major attributes 
of adaptation include education level, networks (that pro-
motes social learning and knowledge exchange), access to 

economic resources, livelihood diversification, social sup-
port institutions, etc. (Weis et al. 2016).

After selecting the proxy variables for Exposure, Sensi-
tivity and Adaptive capacity (“Appendix 4”), we normal-
ised the variables based on the functional relationship of 
variables with vulnerability, using min–max normalisation 
(Iyengar and Sudarshan 1982). In case of a positive rela-
tion (for example vulnerability vs. exposure and sensitive 
capacity), Eq. 1 was used, whereas Eq. 2 was used in case 
of negative relationship (for example, vulnerability vs. adap-
tive 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 indi-
cator using simple average of normalised score and vulner-
ability index was obtained using Eq. 3:

where Xij , Yij and Zij are indicators used as proxy variables 
for sensitivity, exposure and adaptive capacity. The vulner-
ability score obtained tells us the comparative vulnerabilities 
across various households. Using this methodology, we have 
derived comparative vulnerabilities:

a. Based on UCs
b. Based on landholding

To obtain a score based on each UC or landholding, we 
aggregated the sum of individuals in a particular UC or 
landholding. The final score for each component explains 
the level of vulnerability of people residing in a particular 
UC. UCs and Landholders were then ranked based on the 
vulnerability score. First rank represents extreme vulner-
ability, whereas vulnerability decreases with the increase 
in rank (5th rank = lowest vulnerability). The value of each 
component (Exposure, sensitivity and adaptive capacity) 
ranges between 0 and 1, where 1 means most vulnerable 
and 0 means least vulnerable.

Finally, in terms of limitations, this paper focuses on two 
districts only and the findings cannot be generalized for Pun-
jab or Pakistan. The findings, however, are reflective of the 
overall situation in similar regions.

(1)Yij =
Xij −min(Xij)

max(Xij) −min(Xij)
,

(2)Yij =
max(Xij) − Xij

max(Xij) −min(Xij)
,

(3)VI =

∑

j Xij +
∑

j Yij +
∑

j Zij

K
,

Table 1  Sample size based on land tenure system

Union councils Total

91 Kala Mana 
Ahmadani

Mor Jhangi

Landowners 77 78 79 75 309
Sharecroppers 10 7 8 9 34
Tenant 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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3  Results and discussion

3.1  Future cotton production trends

Cotton production provides a direct entry point for climate 
impacts, which then trickle down to the associated value 
chains (Batool and Saeed 2017). We have developed the 
impact modelling for the cotton crop to see how cotton yield 
might change over time under a changing climate.

Figure 1 depicts future changes in the cotton yield over 
Pakistan relative to the base period 1981–2000, by taking the 
average of the whole ensemble (EPIC forced with 5 GCMs), 
for four different time slabs. As mentioned earlier, RCP 8.5 
is the most extreme scenario in the suite of scenarios devel-
oped for IPCC AR5. We based our results on this scenario 

because it is also called as business-as-usual scenarios. The 
negative impacts of climate change on cotton yield start to 
appear right from the first-time slab (2016–2035) in northern 
region of Punjab. However, it is important to note that there 
is a slight increase in the central to southern Punjab region 
(Blue area) which is mainly attributed to the effects of  CO2 
fertilization (McGrath and Lobell 2013), 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 to 2095, an acute 
reduction of around 60–80.0% can be seen in most of the 
cotton producing areas of Punjab and Sindh, especially in 
Punjab, which accounts for 80.0% cotton production of the 
country.

Fig. 1  Mean projected relative changes (in  %) in cotton yield relative to 1981–2000 for Pakistan using global gridded crop model EPIC forced 
by HadGEM2-ES, MIROC-ESM-CHEM, IPSL-CM5A-LR, GFDL-ESM-2M, NorESM1-M
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As mentioned in Sect. 2, the purpose of analysing the 
data from global crop model is to have an idea about the 
future impact of global warming on the yield of cotton crop 
at the national level in future. Since the provinces of Pun-
jab and Sindh together accounts for more than 95% of the 
country’s cotton production, hence we show future yield of 
cotton averaged over these two province in Fig. 2 as relative 
difference (in %) from the base period. These are plotted 
by taking the spatial average of annual cotton yield over 
the provinces of Punjab and Sindh. A moving average of 
10 years has been applied to smoothen the data by removing 
year-to-year variability. The analysis is carried out by tak-
ing the relative difference of four future period (2016–2035, 
2036–2055, 2056–2075, 2076–2095) against historical 
period of 1981–2000. The dark lines represent median of 
the ensemble, whereas the shaded area represents the full 
range of the ensemble.

The figure projects a sharp decline in cotton yield by the 
end of this century, in a business as usual scenario, in which 

no significant change in mitigation or adaptation practices 
is made. The cotton yield is projected to decline by at least 
60.0% by 2096, which will not only affect the livelihood of 
the cotton farmers but the impacts will likely have a trickle-
down effect on the associated industries as well as the overall 
economy of Pakistan (Batool and Saeed 2017).

3.2  Vulnerability assessment at farm level

As mentioned earlier, we adopted IPCC AR4 vulnerability 
framework which is presented in Sect. 2. This section briefly 
outlines the indicators used to calculate exposure, sensitivity 
and adaptive capacity of the landholders and landless cotton 
farmers.

3.2.1  Exposure

Pakistan is severely exposed to climate risks as evident from 
climate events in the past and future threats identified in 
the literature (Asian Development Bank 2017). This section 
discusses the climate indicators used to derive the level of 
exposure of different landholders to climate change in our 
study sites.

3.2.1.1 Frequency of climate events As a measure of expo-
sure to climate risks, we have analysed perception-based 
data (due to lack of downscaled climate data for each district 
under consideration) on the occurrence of climate extreme 
events in our study sites.

Table 2 provides information about the frequency and 
intensity of various primary and secondary climate events 

Fig. 2  Future change in cotton yield in Punjab calculated as relative 
difference (in %) from the annual averaged value of historical period 
(1981–2000)

Table 2  Number of times 
climate events experienced 
during the last 10 years (% in 
parenthesis)

a In context of our study, Monsoon variability refers to the changes in the monsoon rainfall, i.e. either too 
much rainfall in one go or excessive rainfall over a course of a few days (more than average rainfall)

Climate indicators Never experienced Experienced 1–3 
times

Experienced 3–6 
times

Experi-
enced 6–10 
times

Primary/first order climate events
 Drought 232 (53.2) 117 (26.8) 69 (15.8) 18 (4.1)
 Floods 182 (41.7) 119 (27.3) 80 (18.3) 55 (12.6)
 Heat wave 66 (15.1) 224 (51.4) 131 (30.0) 15 (3.4)
 Monsoon  variabilitya 98 (22.5) 246 (56.4) 88 (20.2) 4 (0.9)
 Hailstorm 418 (95.9) 17 (3.9) 1 (0.2) 0

Secondary/second order climate events/impacts
 Pest attack 33 (7.6) 171 (39.2) 184 (42.2) 48 (11.0)
 Erosion 195 (44.7) 171 (39.2) 62 (14.2) 8 (1.8)
 Waterlogging 390 (89.4) 30 (6.9) 15 (3.4) 1 (0.2)
 Salinisation 409 (93.8) 19 (4.4) 5 (1.1) 3 (0.7)
 Weeds 189 (43.3) 172 (39.4) 65 (14.9) 10 (2.3)
 Price shocks 94 (21.6) 121 (27.8) 166 (38.1) 55 (12.6)
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experienced by cotton farmers in DGK and FSD. At the 
overall sample scale, heat wave,7 monsoon variability, 
resultant pest attack and price shocks after these events are 
witnessed at a higher intensity and scale relative to other cli-
mate-related shocks. 51.4 and 56.4% of the respondents said 
that they experienced heat wave and monsoon variability, 
respectively, between 1 and 3 times during the last 10 years. 
Similarly, 42.0% of the respondents witnessed pest attacks 
more than 3 times during the last 10 years.

The data also highlights that a large proportion of 
respondents said that they 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 with 
climate change in coming decades. Moreover, there is a large 
percentage of cotton farmers who said that they have faced 
pest attack, erosion, heat wave and floods more than 1 time 
and up to 10 times during the last 10 years.

Geographic location is a major factor determining the 
exposure to climate change. DGK is highly vulnerable to 
flood risk due to close proximity to River Indus but FSD is 
not exposed to any such threat. Even within DGK, proximity 
of communities to Indus River defines the level of expo-
sure to floods. Moreover, some communities reported being 
particularly vulnerable to hill-torrent flood risk, depend-
ing on their location. Within our sample size, 22.0% of the 
respondents were solely affected by riverine floods while 
26.2% were affected by hill torrents. 10.1% of the respond-
ents reported to have been affected by both hill torrents and 
riverine floods.

Based on the data, we find that overall floods, drought, 
monsoon variability and heat wave (as primary indicator, 
leading to other issues) are the major issues faced by cot-
ton farmers. Analysis of location based climate risks high-
lights that UC Kala and Mor Jhangi are more exposed to 
floods as compared to UC 91 and Mana Ahmadani (Table 3). 
These UCs have issues pertaining to heat wave and rainfall 
variability.

3.2.2  Sensitivity

Some of the factors determining the sensitivity of the cotton 
farmers in DGK and FSD are discussed below.

3.2.2.1 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 the picking activity serves 
as a networking platform for women at village level. Num-

ber of female labourers employed (at the respondents’ land) 
for farm activities is almost double than male labourers in 
case of UC 91 and Mana Ahmadani.

3.2.2.2 Percentage of farmers (respondents) affected by cli‑
mate events Figure 3 below highlights percentage of sam-
pled cotton farmers affected by various climate events in 
different UCs in DGK and FSD during the last 10 years. In 
the case of Kala, 95.7% of the respondents said that they 
were affected by pest attack and floods in the last 10 years, 
followed by heat wave, prices shock and monsoon vari-
ability. Similar climate risks have been faced by UC Mana 
Ahmadani. UC Mor Jhangi is more affected by floods 
(almost 99.1% of the respondents affected by flood), price 
shocks and monsoon variability. While no episode of flood 
has been recorded in FSD, UC 91 is more affected from pest 
attack (99.0%) and heat wave (80.8%). Heat wave is one of 
the many reasons for pest attacks in Pakistan (Zulfiqar et al. 
2010; Ton 2011; Baig and Amjad 2014).

If we segregate our data on the basis of UCs and climate 
indicators, we find that there is a large proportion of cotton 
farmers that perceive high sensitivity to climate hazards. 
For example, in Table 4, we have clustered all those farmers 
who have witnessed the climate event at least once in the 
last 10 years under ‘sensitive to climate change. We have 
also developed another category of farmers who have expe-
rienced various climate events more than 3 times during the 
last 10 years and labelled them as ‘severely sensitive’. Then 
based on these, we have categorised the percentage of popu-
lation of farmers exposed. Results are presented in the form 
of a sensitivity matrix where green represents the population 
exposure of less than 30.0%, yellow represents population 
affected is greater than 30.0% but less than 50.0%, and red 
represents more than 50.0% of affected population.

Table 3  Mean and standard deviation of reported climate events in 
different UCs during the last 10 years

91 Kala Mana 
Ahmadani

Mor Jhangi

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

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

Heat wave
 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

7 Heat wave refers to prolonged period of excessive heat along with 
high humidity.
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According to these measures, in UC 91 44.9 and 35.5% of 
the farmers are characterized as severely sensitive to risk of 
drought and heat wave, respectively. Conversely, farmers in 
UC Kala appear to be severely sensitive to floods (53.0%), 
heat wave (33.9%) and monsoon variability (20.0%). 
Largely, 95.0% of the cotton farmers said that they are sen-
sitive to flood hazard and 88.7% of the farmers are sensi-
tive to heat wave. In Mana Ahmadani, severe sensitivity to 

heat wave (36.4% of the farmers) and drought (21.9% of the 
farmers) can be found. A large proportion of farmers in Mor 
Jhangi (99.0%) reported that they are sensitive to flood risk 
while out of these, 69.2% are severely sensitive to the same. 
Heat wave and monsoon variability is also one of the severe 
risks facing farmers in Mor Jhangi.
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Fig. 3  Percentage of farmers reported to be affected by different climate change indicators during the last 10 years

Table 4  Level of sensitivity to climate change as per UCs

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 10 years

Climate event Level of exposure UCs

91 Kala Mana Ahmadani Mor Jhangi

Drought Sensitivity to drought risk 66.4% 40.0% 65.5% 15.4%
Severely sensitive to drought risk 44.9% 14.9% 21.9% 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 wave 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%
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3.2.2.3 Percentage of population dependent on canal water 
for irrigation In our sample size, we found that 45% of the 
farmers use only tube well water for irrigation whereas 50% 
of the farmers use both canal and tube well water. Due to 
variability in canal water availability, only around 5% of the 
farmers rely solely on canal water for irrigation. Segregation 
of data as per UC shows that Mana Ahmadani and 91 have 
the largest number of farmers who also use canal water for 
irrigation.

3.2.3  Adaptive capacity

A multitude of studies concludes that adaptive capacity plays 
a major role in reducing vulnerabilities and building resil-
ience to climate impacts. As indicated earlier, access to edu-
cation and resources (both physical and financial), livelihood 
diversification and social networks that promotes knowledge 
exchange are some of the key attributes of adaptation (Weis 
et al. 2016; Mendoza et al. 2014). Using these as indicators, 
we have built an indicator of adaptive capacity to compare 
differential adaptive capacities among sampled farmers and 
UCs.

3.2.3.1 Education In terms of education of the respondents 
(cotton farmers), UC Mor Jhangi and 91 has the largest num-
ber of college graduate cotton farmers (around 30–40%). On 
the other hand, UC 91 has a highest percentage (38%) of 
uneducated cotton farmers, followed by UC Kala (48%).

3.2.3.2 Livelihood diversification Within our sample, 
agriculture is the primary source of income for 96% of the 
households. However, 57.3% of the households have a major 
second source of income. Out of those, 21.8% of the house-
holds 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 

UC level, UC Kala has the least number of farmers depend-
ent on only a single source of income, i.e. farming. On the 
other hand, UC Mana Ahmadani and Mor Jhangi has the 
most percentage of farmers with diversified income sources.

Similarly, small and large landholders are more inclined 
towards income diversification, according to our sample. 
There is, however, no clear trend in case of landless farmers.

3.2.3.3 Wealth status To derive sensitivities based on 
wealth status, we have calculated the wealth index. The 
methodology has been explained in “Appendix 3”. Wealth 
index divides our 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 categorised 
into very rich category (see “Appendix 3”).

As we are interested to compare wealth differences across 
UCs, we find that UC Kala and Mana Ahmadani have the 
largest percentage of very poor and poor cotton farmers 
(Fig. 4). However, Kala also has the largest number of rich 
cotton farmers, followed by UC More Jhangi. In terms of 
sensitivity, interventions should be targeted at more vulner-
able farmer’s groups, i.e. very poor and poor.

3.2.3.4 Access to  financial services and  post‑disaster com‑
pensation Out of a sample of 436 farmers, only 34.4% have 
a bank account. 39.7% of farmers said that they have access 
to crop loans and insurance. However, almost 18.0% of the 
farmers reported that they do not prefer to take loans despite 
having access to financial services. Major reasons cited for 
not taking loans is high interest rates on borrowing and low 
capacity to return loans with interest. A small proportion 
(1.0%) of the respondents also reported religious reasons for 
not taking loans.
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The level of compensation after flood events for each 
UC is directly proportional to the severity of the flood. For 
example, a high number of farmers received compensation 
after 2010 floods in More Jhangi (90.0%) and Kala (52.2%) 
as compared to farmers in Mana Ahmadani (13.2%).

3.2.3.5 Access to  weather information With regards to 
weather information, 81.7% of the total respondents reported 
that they receive weekly or monthly updates on weather. 
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 such that the number 
of farmers who receive monthly/weekly updates increase 
with the increase in the size of land. For example, 79.0% of 
small farmers said they receive weather updates as opposed 
to 85.5 and 92.2% of medium and large farmers.

3.2.3.6 Early warning In our sample, only 12.4% of the farm-
ers from flood-affected areas reported that they had received 
warning prior to the 2010 flood. Among those who reported 
to have been warned, 83.6% said that the warning included 
information about the severity of 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.

3.3  Vulnerability Index

Since the main objectives of this paper is to see how cli-
mate vulnerabilities differ across various groups of farm-
ers and UCs. In this section, we will analyse if there are 
any differences in vulnerability to climate change among 
different groups of landholders (small, medium and large) 
as well as farmers across different UCs. The relationship 
used for the calculation of vulnerability Index is presented in 
‘Data and Methodology’ section. The proxy variables used 
to calculate vulnerability index are discussed in detail in 
previous sections. Functional relationship of these variables 
with elements of vulnerability is defended in “Appendix 3”. 
Appendix 4 explains the steps used to derive the vulner-
ability index.

3.3.1  Comparative vulnerabilities across different 
landholdings

Figure 5 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 vulner-
able. The figure shows that landless farmers are most vulner-
able to climate change, followed by the categories of small 
landholders, medium landholders and large landholders. The 

Fig. 5  Results of the vulner-
ability index (comparative bar 
chart)
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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 on 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, we also find 
that there is less variation in exposure and sensitivity to cli-
mate 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 such as household depend-
ency ratio and number of climate events experienced at farm 
level, adaptation decision-making can be promoted through 
targeted policy interventions that build institutional capaci-
ties and promote knowledge creation and sharing.

3.3.2  Comparative vulnerabilities across UCs

We find 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 rela-
tively low percentage of farmers with livelihood diversi-
fication (45.0%), 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 several climate change, including monsoon variability, 
drought and heat wave that lead to pest attacks. A major per-
centage of the farmers (82.7%) are dependent on canal water 
for irrigation which makes Mana Ahmadani 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 are 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 Mor Jhangi has the highest number 
of college graduate farmers. It also has the highest rate of 
livelihood diversification primarily because of high risk of 
flood every year due to which people do not rely solely on 
agricultural income.

4  Conclusion and way forward 
for promoting climate resilient cotton 
production in Pakistan

The findings of this paper provide crucial policy entry 
points, which can help build resilience of the cotton farm-
ers in Pakistan that are under continued threat of climate 
change. Cotton sector has suffered huge losses as a result 
of adverse impacts of climate in the past few years and will 
continue to be affected by large extent, as depicted by our 
climate projections, if adaptation measures are not taken.

While it is crucial to understand underlying features of 
vulnerability to promote adaptation, we find that vulnerabil-
ity to climate change decreases with increased size of land-
holding. More importantly, wealth plays an important part 
in promoting adaptation decisions at household level but it 
does not always ensure adaptation decisions. In other words, 
not all wealth farmers adapt to climate impacts. In terms of 
policy, it implies that there is a need for farmer level aware-
ness raising about climate change and its implications for 
agricultural productivity. Currently, there is no formal mech-
anism 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.

Second, despite varying level of vulnerability across land-
holdings, we find that all landless and landholders are vul-
nerable to climate change. 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. In this context, crop insurance tools need to be 
developed that caters for both short and long-term climate 
related losses faced by farmers. Targeted insurance tools 
should be developed for landless daily wage laborers.

Finally, data collected on the access to weather infor-
mation also suggest extremely limited access of farmers to 
weather and climate information services. Weather informa-
tion infrastructure at the local level should be upgraded and 
efforts should be made to develop easy access of farmers 
to information data. Again, training of farmers on how to 
interpret and utilize climate data for effective adaptation is 
required at the local level.
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riverine flooding from the Indus river. We interviewed cot-
ton farmers in two villages, namely Patti Makwal and Basti 
Raimen, with 60 and 400 households, respectively. Major 
occupation of the villagers include farming, daily wage 
labourer and foreign employment. Major crops planted in 
the villages include cotton, sugarcane, rice and wheat. Patti 
Makwal mostly 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 pro-
duction in this UC is particularly affected by floods, heavy 
rainfall and pest attack. Although majority of the farmers 
produce cotton, there is no cotton farmer’s organization at 
the UC level. There are around 6–7 pesticide and fertilizer 

Appendix 1: Map of the study sites

Appendix 2: District profile

Dera Ghazi Khan

Brief profile of the selected UCs of DGK is given here:
Kala is located between DGK canal and river Indus. It 

is affected by floods from rod khoi (hill torrents) as well as 

suppliers, located at a distance of 3 km from the village. 
Farmers believe that the number of providers is sufficient to 
cater to the demands of local farmers. However, they think 
that the reach of 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. Within 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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this, we have covered a number of villages, namely Basti 
garbi, Bhabay wala, Kotla Ahmed khan, Basti noor wahi, 
Hala and Basti Foja, based on cotton production figures. The 
population in these villages ranges from 500 (50 households) 
to 6000 people (500 households). Major occupations include 
agricultural production, daily wage labour (farm workers and 
small factory workers) and foreign labour. Wheat, sugarcane, 
cotton and tobacco are the major crops of these villages. 
Major crop issues include rainfall variability, hailing and 
pest attack.

Mor Jhangi is located at the western side of the river 
Indus and is severely affected by floods from the Indus river. 
Basti Malana, being a large village and severely affected by 
2010 floods, was the only village covered under this survey. 
It has an average of 1800 households and has 2500 acres of 
agricultural land. It has a good mix of small, medium and 
large sized farmers, but large farmers dominate the cotton 
production. The majority of agricultural land was destroyed 
during the 2010 flood. Increase in temperature and resultant 
outbreak of pest is another major issues facing crop produc-
tion in this region.

Faisalabad

Cotton production has declined by 30.0% in Faisalabad since 
1991. Cotton farmers have shifted to sugarcane production. 
We covered one UC in Faisalabad having a large number of 
cotton farmers. Farmers in UC 91 still produce a compara-
tively larger yield of cotton. Village Danabad was selected 
as a study site. There is not a single episode of flooding 
recorded since 1981. This site was chosen to assess other 
climate indicators such as temperature change and rainfall 
variability, which have significant impact on crop produc-
tion and quality.

Appendix 3: Indicators used 
for the construction of vulnerability index

Proxy variables Functional relationship with 
vulnerability

Exposure to climate  changea*

 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 vari-
ability

Vulnerability ↑ with the ↑ in 
frequency of the event

 Frequency of hailstorm Vulnerability ↑ with the ↑ in 
frequency of the event

Proxy variables Functional relationship with 
vulnerability

Sensitivity to climate change
 Number of male and female 

labourers in agricultural lands
Vulnerability ↑ with the ↑ in num-

ber 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 population 
dependent of canal water for 
irrigation

Vulnerability ↑ with the ↑ in num-
ber 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

a Sum of total does not add to the total number of respondents as 
multiple options exists for sources of information

Appendix 4: Wealth index categories 
as per landholdings

Following the methodology used by Vyas and kumaranay-
ake (2016), we have constructed the wealth index, using the 
Principal Components Analysis (PCA). PCA helps in the 
identification of small uncorrelated variables in a large data-
set, defines their relationship, summarizes the data and pre-
vent loss of even minute information (Devkota et al. 2014, 
Filmer and Prittchet 2001). PCA can be mathematically 
represented as follow:

where x̄m and sm are the mean and standard deviation of asset 
xm , and � is the weight for each variable.

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

yj = 𝜑1

(

x1 − x̄1

s1

)

+ 𝜑2

(

x2 − x̄2

s2

)

+⋯ + 𝜑m

(

xm − x̄m

sm

)
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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

Total variance explained

Com-
ponent

Initial eigen  valuesa Extraction sums of 
squared loadings

Total % of Vari-
ance

Cumula-
tive  %

Total % of 
Vari-
ance

Cumula-
tive  %

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 0.005 100
18 4.60E−16 5.99E−17 100
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Abstract
This study demonstrates the risk perception of Pakistan’s youth about climate change. Statistics have provided the significant 
median age of Pakistan as 23.8 where 60% of the population lies. The objective of the study is to assess the youth awareness 
level with climate change and transform their attitude for better policy formation. Currently, the 40% population of Pakistan 
is subjected to natural disasters because of climate change, which is a concerning barrier to economic growth. Previous 
studies lack in context of measuring climate change risk perception. Current study fills the gap by analyzing these issues in 
the context of Pakistan’s youth. Data collected in quantitative form, from a primary source. The unit of analysis is the youth 
of Pakistan. Data analysis is based on frequency distribution and Chi-square test results. The provided results have shown 
significance between the age, gender, educational level, and educational institute with the climate change knowledge. Based 
on the identified gaps and loopholes in the awareness level, potential recommendations are being drawn along with strong 
practical implication of policy formation.

Keywords Climate change · Perception · Youth mainstreaming · Pakistan

1 Introduction

The main driving force for any nation is youth. Their attitudes, 
perspectives, and choices of lifestyle shape the future of their 
nations. They do not only contribute towards the economic 
development of a country, but play a significant role in the 
consumption of resources, triggering multiple externalities. 
Where a country’s population consists of young members in 
the majority, between the ages of 15–24, the mix of suitable 
policies and public goods required by them, will vary signifi-
cantly from nations with a mature or aged population dynam-
ics (Deutsch and Theodorou 2009). Hence, at the time of plan-
ning and identifying the needs of a population, a government 

needs to peculiarly look into the factors surrounding its public 
and respond accordingly, to address the country’s critical mat-
ters. Identification of challenges faced by the nation is only the 
first step for the government (Burstein 2003). The real task is 
bridging the understanding gap and expectation gap between 
all stakeholders. Bringing on board the public is the real task 
to make the whole process useful and achieving the long-
term goal. Agencies and companies spend exorbitant funds 
for the placement of their products to maximize sales and 
profitability. Accordingly, on the development front, from a 
country’s perspective, it only makes sense, why governments 
also spend enormously to assess and determine the needs of 
its public (Burstein 2003). Of course, the answer to that lies 
in their objective to ensure effective policymaking and pro-
vide the necessary public goods and services. To achieve the 
above, the government needs to build effective know-how of 
the public and the challenges faced by them.

The dynamics involved in the making of national policy 
and provisioning of public goods and services, however, has 
changed drastically over the period. Decisions and policies, 
once primarily governed by local factors, now lies exposed 
to global influence, as well. Increased globalization, regional 
cooperation, cross-border trade agreements and economic 
treaties, today, has amplified challenges, of less significance 
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earlier. One of the most impactful challenges, till date, of the 
twenty-first century, is climate change. The acknowledgment 
of its existence is a reality check for nations, transforming 
the course of their actions, while forcing some to reinvent the 
wheel of their economic activity, primarily.

In today’s era of surplus information, with easy access, 
about what’s happening all around the world, latest break-
through in science and technology, statistics, etc. it is hard to 
imagine a person, denying a reality such as climate change 
and its impact (Leombruni 2015). The underlying factors, 
although debatable; the increased natural disasters, dramatic 
changes in weather patterns, have made nations vulnerable 
to economic and human loss. The weaker an economy is 
economically and the more populous it is, means increased 
risks of loss. Hence, the need and urgency to address the 
underlying issues of climate change more fervently.

Pakistan, one of the emerging economies of today, occu-
pies a prime position in the world, regarding its resources 
and strategic positioning on the world map. Despite, being a 
relatively slow-paced developing country regarding economic 
activity and progression, Pakistan is one of the eight countries 
expected to be mostly populated by 2050 as per the World 
Population Data Sheet 2017 (Prb.org 2017).The vulnerabil-
ity of the Pakistani public to the adverse effects of climate 
change, hence, is dependent on the level of its preparedness.

Accordingly, to measure and assess the level of preparedness 
of Pakistan for climate change, evidence needs to be gathered 
and evaluated. Study of techniques, being used in the past and 
currently, to evaluate the efforts put in by countries to combat 
this issue suggests many ways. Building plans and establishing 
sustainable policies, on the opinion of those exposed to the risks 
of climate change, is considered as one of the most effective 
ways to execute a plan or bring in a change effectively. Based 
on this, Pakistan with its population median age of 23.8 years 
as per the Central Intelligence World Fact Book Agency (CIA.
gov 2018), makes the Youth, the most vulnerable segment of 
its population. Hence, analyzing the risk perception and stance 
on climate change of this most vulnerable segment is critical. 
Just as important is it is for a company to know their customer, 
their preferences, liking, and reactions, to sell their product and 
modify it as necessary. Similarly, to determine the needs of the 
public and the most effective way to bring a change in human 
activities triggering. Climate change is to know their views and 
understand their thinking. Lee (2016) explains that often there 
is variation in the intensity of expression of public concern and 
how eager one is to address the issue.

1.1  Literature Review

Worldwide climate change has become one of the most 
concerning issues. It has witnessed in the form of series 
of intensified and frequent disastrous climatic events. The 
climate change impacts have been reflected over numbers 

of sectors including forestry, water, human health, and agri-
culture. However, the vulnerability to climate change cannot 
be marked in case of Pakistan due to lack of comprehensive 
analysis done on Pakistan’s climate neither at national nor at 
international level. Despite, some indices have ranked Paki-
stan among the top vulnerable country to climate change. It 
was studied by Maplecroft’s (2011) where he ranked Paki-
stan on 16th most affected country, while Harmeling (2011) 
ranked Pakistan on 8th level as per Global Climate Risk 
Index. The lack of evidence and policy formation at the end 
of Pakistan has caused severe effects. There is lack of effec-
tive policy formation and implementation being witnessed.

Barimah et al. (2015) in their study on understanding 
the perspective of youth in preparing for climate change 
explores how knowledge of people belonging to a particular 
area, about climate change influenced their actions. Based on 
the extent of their understanding of the matter and necessary 
know-how of the subject, evidenced to what extent the issue 
of climate change was of importance to them. The study 
indicated that although there lies remarkable degree of vari-
ance amongst the understanding of the subject, irrespective 
of this fact, people belonging to every category of job, had 
witnessed the impact of climate change. In addition to this, 
despite gaps in their understanding, everyone was on his or 
her own still adapting to the changes and making an effort 
to combat the crises of climate change through the adoption 
of various primitive measures.

Hansen et al. (2012) based their study on ‘climate biases’. 
They assessed whether changes in weather and extended 
periods of particular weather were in line with histori-
cal trends linking it to the impact of global warming. In 
their study, they examined the changing pattern in weather, 
through Seasonal, Regional and Temperature variability 
and anomalies analysis. Based on statistical tests performed 
on data gathered over an extended period, they attempted 
to identify the indicators and effects of climate change 
evidenced by global warming. An extended period of hot 
weather was experienced as compared to shorter periods of 
winter experienced in the area of Ghana due to global warm-
ing. They also identified based on the input received from 
respondents, how few of them misinterpreted the changes 
taking place around them in weather due to lack of knowl-
edge about the subject. This effect of this misinterpretation 
on a larger scale, if extrapolated could give an estimate of 
how public action or outcome can sometimes be based on 
incorrect reasoning or perception.

Further, similar to Pakistan, India also stands exposed 
to severe climate changes based on it being an agricultural 
country. Zaheer and Colom (2013) attempted to study the 
perception of people in Pakistan about climate change, in 
addition to how they fundamentally plan to tackle this issue. 
The crux of this study not only lied at understanding how 
people of Pakistan were responding to this issue, but also 
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how other stakeholders were expected to play their part. 
Using liaising and establishing channels of various commu-
nications between different stakeholders comprising of the 
Government, media and other, the issue of climate change 
should be addressed. The study highlighted the barriers to 
tackling this problem in the opinion of people. Along with 
this it also attempted to determine the essential point of 
views carried amongst the public regarding the significance 
of the matter. The findings of the study also touched upon 
how climate change will affect the resources in Pakistan 
regarding livelihoods, water, energy, health, food and last, 
but not the least weather.

Van der Linden (2017) in the study discusses the various 
factors surrounding risk perceptions about issues including 
climate change. It explains how there are factors other than 
just the perception of a matter which adds up to the overall 
risk surrounding the matter, urging one to react or deal with 
the matter, accordingly. This includes physiological factors, 
the impact of surroundings, socio-cultural and demographic 
characteristics, etc. In addition to this, the study argues that 
the means or standard of measuring risk perception also sig-
nificantly impacts the outcome or reasoning derived from the 
tests, ultimately affecting policy.

Specific to climate change, the study also states that public 
concern about climate change and the eagerness of stakehold-
ers to attend to the matter contributes significantly towards 
successfully dealing with this issue. Singh and Singh (2011), 
in their research conducted in India, aimed to assess and eval-
uate the perception of climate change and how it impacted 
their day to day choices and ultimately their attitude. Although 
the issue of climate change is a global issue, India being a key 
country regarding size and economic impact had long ago 
started experiencing the impact Global Warming on its eco-
nomic activity regarding pollution and water scarcity. Accord-
ingly, to mitigate the impact of climate change and its disas-
trous effects, taking initiatives pro-actively is the only choice.

This means being prepared by taking into account the 
opinion and point of view of the most significant com-
ponent of its population, i.e., the youth. In an economy 
comprised of a considerable number of similar aged and 
profiled individuals, assessment of their point of view 
and attitude towards this matter is critical to mitigate the 
impact of climate change. The researchers (Adger et al. 
2009) also acknowledge and highlight, that since the youth 
represent a significant chunk of the public, it only makes 
sense that they stand to lose the most or are most vulner-
able in the case on any natural disaster hitting the country.

Empowering youth to deal responsibly with cli-
mate change issues should be necessary for education 
(Schreiner et al. 2005). Druckman (2015) emphasized that 
policy instruments can play a significant role in address-
ing the threats posed by climate change. Policy instru-
ments include multiple instruments based on social and 

market perspectives, effective public policy and sustain-
ability diagnostics as a means for Government Interven-
tion. Edenhofer et al. (2014) in Inter-Governmental Panel 
for Climate Change’s Fifth Assessment Report discusses 
challenges for dealing with climate change along with the 
targets agreed to be achieved through improving process 
and activities in various areas including emission targets 
and technological changes.

A phenomenal emphasize anticipated by Poortinga et al. 
(2011) that positive impact of youth awareness of climate 
change as younger people has less climate skepticism than 
older people who can be useful in building environment-
friendly society. Druckman (2015) emphasized that pol-
icy instruments can play a significant role in addressing 
the threats posed by climate change. Policy instruments 
include multiple instruments based on social and mar-
ket perspectives, effective public policy and sustainabil-
ity diagnostics as a means for Government Intervention. 
According to Boyes et al. (2009) students were showing 
much willingness to do measure for climate protection. 
There is recognized the need to adapt to changing climate 
conditions which is an emerging discourse (Adger et al. 
2009). Additional apprehension identified by Lo (2016) 
that citizens of advanced industrial countries contribute 
more to environmental protection than lower income coun-
tries and Pakistan is one of lower income countries.

Young people also face a hurdle to get their voices 
heard and research on climate change present youth as 
passive victims (Haynes and Tanner 2015). The issue of 
values, risk knowledge, and cultural construct are societal 
limits to adaptation, but these are mutable (Adger et al. 
2009). We should highlight benefits of engagement of 
society in local climate change initiatives (Kaesehage et al. 
2014). Climate change and risk perception depend upon 
person risk judgment (Van der Linden 2015). A popula-
tion attitude towards climate change can strongly influence 
government policies as well as individual behavior (Leom-
bruni2015). The personal level of engagement in climate 
change measure largely depends upon personal percep-
tions (Myers et al. 2013). In this way, youth perception 
about climate change plays a pivotal role to develop their 
engagement in climate mitigation and adaptation.

1.2  Research objectives

Based on a literature review on youth’s perception of cli-
mate change and risks associated with; present study is 
formulated for essential yet straightforward objectives to 
understand youth perception about climate change. How 
they related themselves to their environment? Do they feel 
any responsibly about climate change?

Furthermore, the current study focuses on determining 
if is there a significant relationship between age, gender, 
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educational level, and educational institutions type con-
cerning climate change knowledge. In this regard below 
hypotheses are formulated.

1.3  Research Hypothesis

Ha1  There is a significant difference of climate change 
knowledge among female and male students.

Ha2  There is a significant difference of climate change 
knowledge among the different age group of students.

Ha3  There is a significant difference of climate change 
knowledge between different educational level.

Ha4  There is a significant difference of climate change 
knowledge among public and private educational 
instructions’ students.

2  Methods

For the study, researchers adopted questions items deem 
relevant to the cultural context of Pakistan from already 
developed questionnaires available online (Ojomo et al. 
2015). The instrument consists of three parts. The first part 
used to measure demographic information of respondents 
covering an aspect of gender, educational level, age, etc. 
The second part consists of forced-choice items related to 
climate change. The forced-choice enables respondents to 
rank objects relative to one another, among the alternative 
provided. Some of the items of part 2 are:

• What does climate change mean to you? Tick all that 
apply.

• Who do you think is most vulnerable to the effects of 
climate change?

• What do you think are the effects of climate change? 
Tick all that apply.

• What region of Pakistan do you think is more vulner-
able to the effects of climate change?

The third part tap responses on 5-point itemized rating 
scale where 1 = agree strongly and 5 = disagree strongly. 
The third part consists of 37 items. A sample of the ques-
tions included in third part is:

• People should be made to reduce their energy consump-
tion if it reduces climate change.

• Climate change is just a natural fluctuation in earth’s tem-
peratures.

• The government should provide incentives for people to 
look after the environment.

• I am uncertain about whether climate change is happen-
ing.

The unit of analysis for present research is ‘student’ 
studying at Islamabad region only. It includes students 
from schools, colleges, and universities. Convenient sam-
pling technique was adopted for data collection, and total 
180 questionnaires were distributed out of which final 112 
questionnaires were found complete for data analysis. It rep-
resents 62% response rate.

The data were analyzed with SPSS. The study findings 
were presented through descriptive statistics where appropri-
ate charts were also used. For hypotheses testing; Chi-square 
test is applied.

3  Results and Discussion

Table 1 presents the demographic information of respondent. 
55% respondents were male, and 45% were females. Con-
cerning age, 49% respondents were 17–20 years of age group 
with the similar percent of college students. 71% respond-
ents were from urban areas. Furthermore, 49% respondents 
were enrolled in the Intermediate/A-level program.

On inquiring about the climate change in term of the 
source of awareness and involvement of the institute in 
building campaigns, following responses were acquired 
(Table 2).

Table 1  Demographic variables (n = 112)

Description of variables Frequency Percent

Gender
 Male 62 55
 Female 50 45

Age
 14–16 22 20
 17–20 55 49
 21–23 25 22
 24 and above 10 9

Educational status
 School 40 36
 College 55 49
 Universities 17 15

Educational institution type
 National 45 40
 Private 67 60

Area students belong to
 Rural 33 29
 Urban 79 71

Degree program students enrolled in
 Matriculation/O-level 13 12
 Intermediate/A-level 55 49
 BS 34 30
 MS/M.Phil. 10 9
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About climate change at an educational institution, 
findings reveal that school curriculum missed the climate 
change as only 12% respondents. Whereas, climate change 
is getting focus both at university and college level (38%). 
However, there is still much to do. On the other side, col-
lected responses indicated that only 35% climate change 
campaigns were carried out at their educational level while 
65% reported no such activity.

Furthermore, the primary source of climate change infor-
mation for youth after educational institution (36%) is inter-
net (30%). On the other hand, almost one-fourth do not have 
any source of information regarding climate change. This 
indicates an area for policymakers to look over.

Figures 1 and 2, respectively, tapped the respondent per-
ception of vulnerability about global as well as country level. 
71% youth think that both developed, as well as developing 
countries, are vulnerable to the effects of climate change, 
whereas findings show that youth perceived that southern 
region of Pakistan is more vulnerable with 49%.

On inquiring about climate change from individual 
based on their perception, following responses were 
collected.

In the study, one of the questions was asked to tap 
youth’s perception of what does climate change mean to 
them. As presented in Table 3, almost 50% has identified 
climate change concerning the change in weather conditions, 

Table 2  Respondents awareness about climate change

Items Responses Percentage

In what level of the educational institution were you taught about climate 
change?

School level 13
College level 21
University level 29
Both and school and university 38

Climate change campaigns carried out by the educational institute? Yes 35
No 65

Main sources of climate change information? Internet 29
Educational institute 35
Government agencies 4
NGOs 9
No source of climate change information 22
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Table 3  Individual’s perception of climate change

Items Responses Percentage

What does 
climate change 
mean to you?

Change in temperature 12
Change in environment 6
Change in weather condition 50
Change in climate due to human 

pollution
10

Change in climate due to global 
warming

13

I do not know 9
What do you 

think are the 
effects of cli-
mate change?

Sea level rise 12
Drought 6
Global warming 60
Rising temperatures 11
Increasing intensity and frequency of 

extreme weather events
9

None 3
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whereas 13% viewed climate change as a change in climate 
due to global warming. Further, the results indicated that 
12% viewed change in temperature is climate change. Fur-
thermore, on inquiring about the effects of climate change 
revealed that 60% youth believe that global warming is due 
to changing the climate. Interestingly, 12% identified an 
increase in sea level is also due to climate change. More 
so 11% youth believe that rising temperature is because of 
climate change.

In Fig. 3, In response to the question “of the nine environ-
mental issues listed below, please choose three you believe 
should be the top priorities of the country” 36% youth 
perceived that overpopulation as should be a top priority. 
After that, they have identified population (23%) as an envi-
ronmental issue which country should tackle with. Lastly, 
20% youth believes that climate change should be the third 
agenda points regarding country response to environmental 
issues.

Regarding preparedness for the effect of climate change, 
as indicated in Fig. 4, 49% youth will contribute through 

promoting climate change awareness campaigns. At the 
same time, 29% suggested for advocating for climate change 
adoption, integration into academics. Additionally, 10% 
youth personally interested in educating themselves more 
about climate change and its effects.

3.1  Chi‑Square Results

Table 4 present the results of Chi-square for all four hypoth-
eses. Concerning age and climate change knowledge, the 
Pearson Chi-square value is 123.847 with 0.602 Cramer’s V 
value. Regarding gender and climate change knowledge, the 
Pearson’s Chi-square value is 81.405 with 0.853 Cramer’s 
V value. Concerning educational level (school, college, and 
university) and climate change knowledge, the Pearson Chi-
square value is 103.999 with 0.681 Cramer’s V value. About 
educational institution type (national or private) and climate 
change knowledge, the Pearson Chi-square value is 107.657 
with 0.980 Cramer’s V value. The p value (0.000) for all four 
hypotheses are significant at the two-tailed test. The p value 

Fig. 3  Of the nine environmen-
tal issues listed below, choose 
three priorities of the country
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indicates that these variables are not independent of each 
other and that there is a statistically significant relationship 
between the categorical variables.

4  Conclusion and Future Implications

Even though present study scope and size is insufficient, 
Nevertheless, it is first a drop in the ocean or contribution 
to understanding youth perception about their environment 
more specifically climate change. Furthermore, the present 
study, unconsciously directed youth to look at their sur-
roundings and environment where they belong to.

On the other hand, several conclusions can be drawn from 
the findings of this research. First, the youth perception on 
climate change was based upon weather conditions; change 
in temperature and due to global warming, whereas signif-
icant reasons of climate change are the environment and 
human population. Poortinga et al. (2011) reviewed similar 
findings where less climate skepticism was witnessed at the 
end of youth. Second, upon the effect of climate change, 
mostly perception was based on global warming while other 
factors were ignored. These findings were found aligned 
with the study of Barimah et al. (2015). In literature, Leom-
bruni (2015) was witnessed the role of the public in chang-
ing government’s attitude toward climate change. However, 
in the current case, there is lack of adequate awareness at the 
end of people. Third, the youth considers that developed and 
developing countries both equally vulnerable to the effects 
of climate change.

Fourth, the perception about regions in Pakistan is more 
inclined towards southern Pakistan, whereas northern areas 
of Pakistan are equally affected. Fifth, the view about pre-
paredness for the effect of climate change, mostly youth pre-
ferred that they should be given education on climate change 
and its effects moreover climate change adaptation should 
be integrated into university projects. They are willing to 
contribute through climate awareness campaigns. Sixth, 
the youth perceived that government role in climate change 
awareness is missing or not articulated at their level. How-
ever, Lo (2016) revealed the climate change policy formation 

to be associated with the income level of the country where 
Pakistan being low-income country considered contributing 
less to environmental protection. The source through which 
they have information about the effect of climate change is 
the internet. Seventh, the youth perceives that top three envi-
ronmental issues are overpopulation, pollution, and climate 
change. Although these environmental issues are of prime 
importance to the top, it is environmental education. Lastly, 
few university and colleges have included environmental sci-
ence in their curriculum. These findings have aligned with 
a previous study of Zaheer and Colom (2013) conducted in 
the context of Pakistan.

Youth plays a critical role in the development of any 
society. This research paper has analyzed the youth per-
ception about climate change risk perception and based 
on research findings following recommendations are sug-
gested as Leombruni (2015) rightly indicated that a popu-
lation attitude towards climate change could strongly influ-
ence government policies as well as individual behavior.

• There is a need for large-scale intensive research to 
understand how people perceived risks associated with 
a change in climate and how they can handle it.

• Climate change awareness is pivotal for any society, 
especially for youth. Therefore, there is need to create 
awareness among youth, and as identified by youth a 
potential means would be social media.

• Non-governmental organizations (NGOs) as the third 
segment of the society are very positively contributing 
towards many social causes, and climate change is an 
area where their due impact is yet to realize. Therefore, 
NGOs should play their part in awareness creation cam-
paigns and preparedness for climate change risks.

• Academia, i.e., universities, colleges, and schools should 
take initiatives for conducting seminars and workshops 
on climate change risk perception.

• Academia should integrate courses related to the envi-
ronment as a compulsory or core subjects for students at 
all levels, i.e., school, college, and university. More so 
there should be necessary to advanced level courses on 
the subject matter.

• The government should take the initiative to develop a 
linkage between academia and policymakers on the envi-
ronment so that proper awareness and adaptation cam-
paign can be launched.

• Last but not the least, developing youth to become self-
aware and self-responsible for their self, environment, 
and society is a need of time.
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Table 4  Chi-square findings

Variable Climate change knowledge (n = 112)

Pearson Chi-
square

Symmetric measures df p value

Phi value Cramer’s V

Age 123.847 1.052 0.602 42 0.000
Gender 81.405 0.853 0.853 14 0.000
Edu. level 103.999 0.964 0.681 28 0.000
Edu. inst. type 107.657 0.980 0.980 14 0.000
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Abstract
Climate change is a reality. It is happening and posing adverse impacts globally as well as on Pakistan. To effectively respond 
to this ubiquitous threat, Pakistan formulated the National Climate Change Policy (NCCP) in 2012 and operationalized it 
in 2013. Yet it encourages further analyses and evaluations so as to identify any un-addressed or unidentified measures in 
the policy, to examine the established policy measures more in depth, and to ensure its effective implementation. This study 
presents a qualitative analysis of the NCCP. To undertake the analysis in a recognized and systematic fashion, the policy 
document is evaluated against a criterion set by Cheung et al. (Aust Health Rev 34:405–413, 2010). The main characteristics 
of this criterion include accessibility, policy background, policy goals, resources, monitoring and evaluation, public oppor-
tunities, and obligations. This study contributes to the literature to understand the critical aspects of a climate policy from a 
developing and one of the most affected countries due to climate change. The study is important to explore the strengths and 
shortcomings of the policy. Additionally, our study contributes by setting a framework of novel insights by utilizing a new 
criterion for analyzing a climate policy. The analysis provides valuable inputs to the subnational governments in Pakistan 
which are actually responsible for implementation of climate and other related policies. Our evaluation found that NCCP 
offers some strengths but the document has certain weaknesses too. The policy is a promising document which provides 
directions and guidelines to the subnational governments for establishing their policies and effective actions plans. It provides 
a proper mechanism of monitoring the implementation activities in the country. Moreover, it covers important sectors and 
emphasizes on integration of sectoral policies with climate change policy. The policy presents a reasonable mechanism to 
enhance the human and institutional capacity. However, it lacks realistic and comprehensive backing for established goals 
and objectives. For instance, it proposes some measures which are not practically actionable. One of such measures suggests 
to protecting the glaciers which is not possible keeping in view the existing military conflict between Pakistan and India in 
the region. This shows that the policy lacks to base on empirical research. The findings of the study will be very helpful for 
policy makers and climate experts while revising or revisiting the policy document. This analysis provides valuable lessons 
to provincial governments in Pakistan while framing their provincial climate change policies and action plans. The study 
opens new research areas and avenues for further evaluations and analysis for the NCCP and upcoming provincial climate 
change policies in Pakistan.

Keywords Policy · Climate change · Analysis · Pakistan

1 Introduction

Climate change is a reality. According to Intergovernmental 
Panel on Climate Change (IPCC) fifth assessment report 
humans are responsible for this unsustainable situation. 

There are evidences that climate change is happening 
around the world. These evidences include rise in tempera-
ture, changing rain and snowfall patterns, rising sea-level, 
shrinking sea-ice, and melting glaciers (Singh and Singh 
2012; Weitzman 2009).

Climate change poses serious threats to the world 
(Leiserowitz 2005). From future climate change perspec-
tive, both human and natural systems are at risk (Walker 
et al. 2014). There are evidences that climate change will 
continuously pose threats throughout this century despite 
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taking certain successful steps by international community 
to curb greenhouse gas emissions (Wilson 2006). Many 
countries around the world, especially, the developing 
countries are more at risk due to climate change.

Climate change is posing negative impacts on South 
Asia (Kelkar and Bhadwal 2007; Sivakumar and Stefanski 
2011). This region is the most disaster-prone region in 
the world (Sivakumar and Stefanski 2011). South Asia is 
affected annually by climate extremes: increase in aver-
age temperature, rise in sea level, and the recession of 
glaciers, decrease trend in annual mean rainfall and change 
in precipitation are the evidences of this change (Sterrett 
2011). Such climatic impacts severely threaten the liveli-
hood of poor people living in these areas (Morton 2007). 
Asian region, Pakistan is highly sensitive to the impacts of 
climate change (Wassmann et al. 2009). Pakistan is ranked 
in the list of top 10 most vulnerable countries (Khan and 
Samiullah 2015).

Climate change is happening and causing adverse impacts 
on Pakistan. Geographically, Pakistan is located in a region 
where the impact of climate change is being felt quite seri-
ously (Malik et al. 2012). Pakistan is facing serious threats 
due to climate change in the form of many disasters like 
floods, droughts, and other natural calamities (Banoori 
2012). These disasters leave social, environmental, and 
economic impacts. For example, on the heal of the 2010 
floods, it is estimated that more than 20 million people were 
affected, about 1.88 million houses damaged, 1767 persons 
were killed or missing, and 2865 persons injured (Kurosaki 
et al. 2011).

Pakistan is among those countries which were badly 
affected in 2012 due to climate change (Germanwatch 2014). 
Livelihoods of millions of people, water, food and energy 
security, are in state of danger in Pakistan due to climate 
change (Aftab and Hickey 2010). Due to high vulnerability, 
it is imperative for Pakistan to confront the consequences of 
climate change within due course of time.

In Pakistan, climate change has attained serious attention 
by the government for realizing its sensitivities and vulner-
abilities (Rasul et al. 2011). Like rest of the world, Pakistan 
responded climate change by taking various initiatives in the 
form of climate policy and action plans. Pakistan launched 
its first climate change policy in 2012. The formulation of 
the National Climate Change Policy (NCCP) was a positive 
development to deal with climate change in the country. The 
policy proposes more than 120 policy measures covering 
different areas.

The NCCP is a multi-sector policy which provides mitiga-
tion and adaptation measures. The policy stresses on devel-
opment sectors such as agriculture, transport, human health, 
energy, forestry and disaster preparedness. The policy also 
emphasizes on raising awareness, technology transfer and 
capacity building and institutional strengthening. Additionally, 

inter-ministerial coordination, regional and international coop-
eration are also envisioned in the policy.

The NCCP also highlights some other prominent policy 
measures. For instance, it emphasis on regional and inter-
national cooperation on climate change, to get benefits from 
international financial mechanism and establishment of vari-
ous financial institutions. Pakistan is one of the developing 
countries, which have prepared such a comprehensive policy 
on climate change (Yusuf 2011). However, it is important to 
evaluate the policy for its effective implementation.

Establishment of the NCCP is a positive step towards tack-
ling climate change in Pakistan it requires proper scrutiny and 
analysis. It is evident that the NCCP is not evaluated much 
being a nascent policy. In our literature review, we came across 
some notable analysis conducted by Khan (2012) and Mumtaz 
(2013).

According to Khan (2012), weaknesses of the NCCP are 
identified: “In its [the NCCP] present form it is difficult to 
implement as the NCCP has not meaningfully involved key 
stakeholders”. Relevant literature, which was used for this 
analysis, indicates that the NCCP requires analysis and evalu-
ation, especially in academic circles, for its validation and 
improvement. While acknowledging the importance of devel-
oping the NCCP (Khan 2012) stresses that the NCCP must 
be analyzed.

Some shortcomings in the NCCP in the review of Khan 
(2012) were identified, such as the absence of analyses on 
the NCCP, and self-demand of the NCCP for its analysis and 
evaluation dictate that the NCCP must be evaluated. Similarly, 
Mumtaz (2013) stressed that for proper evaluation, the NCCP 
requires more study not only to explore the weaknesses but to 
validate the studies that have taken place for the NCCP.

There are possibilities that the nascent policy may have 
overlooked some important aspects. By undertaking detailed 
and rigorous analyses of the NCCP, overlooked aspects 
would be uncovered in addition to any inappropriate pro-
posals in the NCCP. The in-depth analysis and evaluation of 
a policy is helpful for successful implementation. It is likely 
that findings of the study would play a constructive role not 
only for the revision of the NCCP but it will also provide a 
solid background for provincial climate policies and upcom-
ing climate change action plans in Pakistan.

The objective of the study is to analyze the NCCP docu-
ment so as to highlight its strengths and shortcomings. For 
the analysis, we employ Cheung et al.’s (2010) framework 
which is a well-suited model to analyse any public policy.

2  Evaluation of Climate Policies

Climate policies are a concrete response to the impacts of 
climate change. Climate change is considered a compara-
tively young and new area of public policy making (Urwin 
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and Jordan 2008). Many countries around the world have 
established or are establishing climate policies to address 
the negative consequences of climate change. However, it is 
imperative to investigate the effectiveness and practicability 
of these policies by evaluating and analyzing such policies.

Vedung (1997) defines evaluation as the ‘careful retro-
spective assessment of the merit, worth, and value of admin-
istration, output and outcome of government interventions, 
which is intended to play a role in future practical action 
situations’. The evaluation and analysis of climate change 
policies are taking place around the world. However, the 
evaluation of environmental/climate policy has developed 
at a slower place as compared to other policy areas such as 
education and welfare (Knaap and Kim 1998; Mickwitz and 
Birnbaum 2009).

The related literature informed us that academics and 
climate change practitioners are more interested to evaluate 
and analyze the performances of existing climate policies 
(Haug et al. 2010). These evaluations are in the form of non-
scientific evaluations and scientific evaluations. The non-
scientific evaluations include evaluations commissioned by 
NGOs and governments, etc., whereas scientific evaluations 
are in the form of books and peer-reviewed journal articles, 
etc. There are some other notions explaining the difference 
in evaluations.

Various scholars emphasized to distinguish between 
formal evaluation which is driven by government and the 
informal evaluation which is society driven. Hildén et al. 
(2014) define formal evaluation as ‘state-led’ and informal 
evaluation as ‘evaluation activities by non-state actors’. 
Weiss (1993) differentiates as ‘inside evaluation’ which 
is conducted by people ‘inside’ government, and ‘outside 
evaluation’ by actors not linked with government. These 
formal and informal evaluations have their own strengths 
and weaknesses.

As far as formal evaluation is concerned, it is argued that 
the evaluators are in a better position to assess the policy 
keeping in view they are quite familiar with policy process 
and circumstances in which the policy emerged (Toulem-
onde 2000; Weiss 1993). These evaluators pay much atten-
tion to the key motivator factors for policy evaluation (Weiss 
1993). However, there are some weaknesses as well for for-
mal evaluation.

It is pointed out that evaluation by government actors 
may not be so critical as compared to the evaluation con-
ducted by non-stake actors (Weiss 1993). It is further argued 
that formal actors apparently seek the evidences that suit to 
their established hypotheses or views on a policy by way of 
a ‘confirmation bias’ (Nickerson 1998). Chelimsky (2006) 
notes that if the evaluation brings some unfavorable results, 
the governmental actors can suppress them so that to keep 
them away from public debate. Likewise, informal evalua-
tion also has strengths and weaknesses.

Informal evaluation performed by non-state actors is 
considered more critical to analyze policies (Weiss 1993). 
Informal evaluation may employ effective and robust criteria 
(Mickwitz 2013) to focus on policy side effects (see Vedung 
2013). The informal evaluation is conducted to expose the 
weak aspects of policies to put pressure on policy makers 
to respond. Informal evaluation also has weaknesses. For 
instance, the evaluators may not have deep knowledge of the 
whole policy process and they may overlook some important 
aspects or political discourses through which policy emerged 
(Weiss 1993). Moreover, the informal evaluation may not 
be recognized much unless it becomes a mean to produce 
public pressure.

In general, policy evaluation has gone through vari-
ous stages before its emergence in the nineteenth century 
(Crabbe´ and Leroy 2008). Initially, it was supposed to assist 
national parliaments in monitoring the lawfulness of gov-
ernment actions. After the Second World War, its emphasis 
was transferred to assess more administrative, managerial, 
and economic inquires. Lastly, from 1990s onwards, politi-
cal questions related to public support for policies were 
becoming the focus of investigations. During this period 
many popular evaluation criteria emerged. In the evaluation 
literature, these evaluation parameters are indicated in the 
form of effectiveness and goal attainment, cost effective-
ness, efficiency, legal acceptability, legitimacy, fairness, and 
coordination with other policies (Crabbe´ and Leroy 2008; 
Kraft and Furlong 2010).

Various evaluation techniques have been used to evaluate 
and analyze climate policies. The most common indicators 
used to evaluate the climate policies are identified as effec-
tiveness and/or goal achievement, efficiency, and cost effec-
tiveness (Huitema et al. 2011). They further argue that some 
other criteria are also used like fairness, coordination with 
other policies, and legitimacy. However, these were used 
far less frequently as compared to previous ones. Moreo-
ver, some other frameworks are being utilized to analyze 
the climate policies. For instance, critical discourse analysis, 
argumentative discourse analysis set by Maarten Hajer et al.

Climate policy evaluations and analysis are conducted 
around the world. These evaluations are being produced 
either by non-scientific evaluations or scientific evaluations. 
Everyone is free to conduct such evaluations. The practition-
ers of climate change and academia are the leading evalua-
tors of climate policies. One of the studies in literature indi-
cates that universities and independent research institutes, 
followed by consultancy firms are the most active evalua-
tors for climate policies (Huitema et al. 2011). According to 
Lehtonen (2005) and Martinuzzi (2004), evaluation practices 
have the potential to act as a new form of environmental 
governance. It is noted that there is still a very long way to 
go before the climate policy evaluation is fully realized. The 
process is quite flexible and the practices of climate policy 
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evaluation will continue to develop and it will bring new 
models and dynamics for the evaluation.

3  Methodology

The type of methodology adopted by any research depends 
upon the central research objective and questions. Our 
research problem is to evaluate the NCCP. We adopted 
qualitative research design which includes three steps. In 
the first step, a content analysis of the NCCP was done. For 
this purpose, the NCCP document was accessed, read and 
understood in detail. In the second step, we choose Cheung 
et al. (2010) framework for comprehensive evaluation of the 
NCCP. The NCCP document is evaluated against a certain 
criteria established by Cheung et al. (2010) given in Table 1. 
In the third step, the study findings are validated through 
semi-structured interviews with policy and climate experts 
in Pakistan. In these interviews with policy experts, we dig 
out the motivations for establishing the NCCP.

The proposed study is significant as policy analysis is 
important to provide a solid backing for effective implemen-
tation. The evaluation of the NCCP is in and of itself vital. 
This is because policy analysis is an important task (Majone 
1977). This vitality of policy analysis becomes essentiality 
important when a policy under question is un-analyzed or 
scantly analyzed. This notion equally applies to the NCCP. 
The NCCP, as far as our literature review is concerned, is 

not a much analyzed policy, especially in academic circles. 
That is why this policy document is selected for evaluation.

The criteria set by Cheung et al. (2010) is important for 
policy evaluation. According to Cheung et al. (2010), the 
established criterion is important for evaluating a policy 
proposal to improve the policy document and for its effec-
tive implementation. Therefore, it completely fulfills the 
demands of our study.

In their study, Cheung et al. (2010) used the established 
framework for health policy. However, they suggested that 
this framework can be used to evaluate any policy document 
irrespective of its area. Ellahi and Zaka (2015) used this 
framework to analyze Higher Education Policy Framework 
for Open and Distance Education in Pakistan. Ellahi and 
Zaka (2015) indicated in their study that they consulted two 
experts to validate the criteria for evaluation and both the 
experts agreed that the given criterion is well established 
to evaluate any policy. Therefore, it has provided a solid 
backing to use the intended framework for our study. Addi-
tionally, we contacted the author(s) through email about the 
use of their framework for evaluation of the NCCP. They 
strongly encouraged and suggested that the given frame-
work is well poised for evaluation of the NCCP. Therefore, 
Cheung et al. (2010) is an appropriate and well-suited frame-
work for our study.

The proposed framework established by Cheung et al. 
(2010) includes accessibility, policy background, pol-
icy goals, resources, monitoring and evaluation, public 

Table 1  Criteria for analyzing the policy document

Accessibility The policy document is accessible (hard copy and online)
Policy background The source of policy is explicit

1. Authority (persons, books, articles, or other sources of information)
2. Quantitative or qualitative analysis
3. Deduction (premises that have been established from authority).
The policy encompasses some set of feasible alternatives

Goals The goals/objectives are explicitly stated:
The goals are concrete enough to be evaluated later
The goals are clear in intent and in the mechanism with which to achieve the desired 

goals, yet does not attempt to prescribe what the change must be
The outcomes of the goals are clearly stated

Resources Financial resources are addressed (e.g., estimated financial resources and their cost)
Human resources are addressed
Organizational capacity is addressed

Monitoring and evaluation The policy indicated monitoring and evaluation mechanism
The policy nominated a committee or independent body to perform the evaluation
The outcome measures are identified for each objective/goals
The data collected for evaluation collected before, during, and after the introduc-

tion of the new Policy Follow-up takes place after a sufficient period to allow the 
effects of policy change to become an evident criteria for evaluation are adequate 
or clear

Public and political opportunities The population supports the actions
Multiple stakeholders are involved
Primary concern of stakeholders and acknowledged to obtain long-term support

Obligations The obligations of various implementations are specified—who has to do what
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opportunities and obligations. The framework is explained 
in Table 1.

4  Analysis of the Study

In this section, we analyse the NCCP through the proposed 
framework given in Table 1.

4.1  Accessibility

The first stage of the evaluation is accessibility of the policy 
document. In case of the NCCP, this condition is fulfilled 
as the policy document is available on the website of the 
ministry of climate change. The hard copy of the policy 
document can be obtained from the relevant department of 
the ministry. Moreover, the hard copy of the policy can also 
be obtained from the other organizations working in area 
of climate change. These organizations include Sustainable 
Development Policy Institute, Global Change Impact Studies 
Centre, Leadership for Environment and Development Paki-
stan, International Union for Conservation of Nature, etc. 
Moreover, the policy document is also available on inter-
net. Therefore, researchers, stakeholders or anybody who is 
interested to obtain the NCCP document can acquire easily.

4.2  Policy Background

The background information of the NCCP is available. The 
document contains background information stating and 
explaining why this document is being prepared. It also pro-
vides some data in the various sections but without any spe-
cific source. An attempt is made to set a background but it is 
not considered to be a comprehensive background. There is 
room available to improve its valuable background. Being a 
nascent policy, it may lack to provide detailed background 
of the policy. However, some important sources are well 
explored and certain valuable documents were consulted 
before establishing the NCCP. For instance, the Task Force 
Report on Climate Change (TFCC) 2010 is one of the build-
ing blocks for the creation of the NCCP. The TFCC is a com-
prehensive document prepared by the planning commission 
of Pakistan. The TFCC is a document mainly prepared by 
the federal government. However, relevant stakeholders were 
consulted from all provinces while preparing the document. 
Therefore, the claim of the NCCP for fair representation 
from provinces and other stakeholders seems fine and which 
is an appreciable step.

The NCCP proposes certain measures without any statis-
tical evidences for such recommendations. It lacks to provide 
considerable statistical evidences that need to be explored. 
It provides very general recommendations at some points 
which are not practically actionable. For instance, at some 

measures, it is suggested to opt for high-level technology 
but keeping in view the economic condition of Pakistan to 
acquire such technology is not possible. The policy back-
ground does not adequately provide the sources of the given 
background information. Moreover, based on given informa-
tion, it can be inferred that systematic literatures is not well 
reviewed.

4.3  Goals

In the NCCP documents, the goal and objectives are explic-
itly mentioned. The objectives mentioned in the policy are 
as follows:

 1. To pursue the sustained economic growth by appropri-
ately addressing the challenges of climate change.

 2. To integrate climate change policy with other related 
national policies.

 3. To focus on pro-poor gender-sensitive adaptation while 
also promoting mitigation to the extent possible in a 
cost-effective manner.

 4. To ensure water security, food security and energy 
security of the country in the face of challenges posed 
by climate change.

 5. To minimize the risks arising from expected increase 
in frequency and intensity of extreme events: floods, 
droughts, tropical storms, etc.

 6. To strengthen inter-ministerial and inter-provincial 
decision-making and coordination mechanism on cli-
mate change.

 7. To facilitate effective use of the opportunities, particu-
larly financial, available both nationally and interna-
tionally.

 8. To foster the development of appropriate economic 
incentives to encourage public and private sector 
investment in both adaptation and mitigation measures.

 9. To enhance the awareness, skill and institutional capac-
ity of relevant stakeholders.

 10. To promote conservation of natural resources and long-
term sustainability.

The policy has established the main goal “To ensure that 
climate change is mainstreamed in the economically and 
socially vulnerable sectors of the economy and to steer Paki-
stan towards climate resilient development”. The above ten 
mentioned objectives are set to achieve the main stated goal. 
However, some objectives are not explicitly addressed in 
the policy. The justification appears weak for some objec-
tives while proposing policy measures. For instance, in 
objective 6, it proposes to strengthen the inter-ministerial 
decision-making and coordination mechanisms but it does 
not appear relevant keeping in view that climate change is 
a provincial subject and provinces are actually responsible 
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for implementation of climate-related policies. In objective 
8, it points out that economic incentives would be offered 
to public and private sector investment to promote adapta-
tion strategies. This is a very important objective to enhance 
adaptation strategies considering the climatic condition 
in the country. However, this is not addressed properly in 
policy measures. Although policy goal and objectives are 
mentioned clearly but to evaluate them specifically using 
quantitative evaluation seems difficult. There is no evidence 
for any alternative objective to the stated objectives. Moreo-
ver, some of objectives are just mentioned as example above 
but without solid backing in the form of proposed policy 
measures. Therefore, it is needed to revise the weak objec-
tives while revisiting the policy.

4.4  Resources

The policy accepts that Pakistan is lacking financial 
resources, human resources and institutional capacity at the 
moment. However, the policy describes some measures to 
address these challenges. As far as financial resources are 
concerned, the policy dictates how these resources would be 
generated. It is stated that being the signatory to the United 
Nations Framework Convention on Climate Change, various 
other institutions financial assistance can be taken. However, 
it is a fact that Pakistan could not gain too much from Clean 
Development Mechanism as compared to other Asian coun-
tries. Therefore, it is too early to say that Pakistan will gain 
much from these institutions. There is no given financial 
cost to community nor did any estimate financial resources 
for the implementation of the policy is mentioned. All the 
measures regarding financial resources are very general and 
statistically no data is provided in the policy.

In terms of human resources, the policy provides certain 
options. For instance, it is described that the human capacity 
would be enhanced by sending young scientists and students 
to renowned international institutions so as to develop cli-
mate change expertise. Likewise, revision and development 
of new curriculum on climate change will be introduced in 
educational institutions in Pakistan.

Regarding organizational capacity, the policy docu-
ment indicated the need to establish more institutions. For 
instance, establishment of National Climate Change Com-
mission, introduction of climate change cells at federal and 
provincial levels for improving the coordination among the 
relevant departments. The policy proposes certain measures 
to manage these resources. However, time will tell how it 
will be managed and implemented.

4.5  Monitoring and Evaluation

The policy describes the importance of monitoring and 
evaluation. It explains that how the policy implementation 

mechanism will be framed at federal and provincial levels. 
It also mentions that the NCCP will be revised after every 
5 years based on empirical data provisions and recommenda-
tions given by established committees at federal and provin-
cial level. However, after the 18th constitutional amendment, 
the future of the NCCP is unclear because the respective 
provinces are establishing their own climate change policies 
and action plans.

The policy explores the significance of monitoring. How-
ever, it does not provide outcome measures for given objec-
tives and goal. The policy highlights that the NCCP will 
be revised at five-year intervals but it does not explicitly 
mention about data collection before or during the policy 
implementation. However, implicitly it can be said that the 
established committees may have a task to collect data so 
that they may revise the policy accordingly. Moreover, the 
policy does not mention any specific criteria about evalua-
tion and monitoring.

4.6  Political and Public Opportunity

The policy mentions the importance and involvement of 
all relevant stakeholders. It claims that related stakeholders 
were consulted. It is stated that all the provincial govern-
ments, federal government, various ministry and depart-
ments, non-governmental organizations and civil socie-
ties played an important role for establishing the policy. It 
has acknowledged various federal departments, provincial 
departments, and other independence bodies for their con-
tributions and inputs. However, it does not mention to what 
extent these agencies were involved in the formation of pol-
icy and what were their stances. Second, it does not explain 
who are the real stakeholders and how they were engaged? 
It is also not clear what the primary concerns of these stake-
holders were and whether they were addressed or not?

4.7  Obligations

It is indicated that various federal and provincial bodies 
including other relevant departments are responsible for the 
task to implementation. A complete hierarchy for imple-
mentation committees at Federal and Provincial level is 
indicted in the policy. In the policy document, it is stated 
that the federal government shall develop an “Action Plan” 
for implementation. The federal government already estab-
lished implementation framework for the NCCP in 2013. 
The framework was developed for 2014–2030 to effec-
tively implement the NCCP. It proposed priority (within 
2 years) measures, short-term (within 5 years) measures, 
medium-term (within 10 years) measures, and long-term 
(within 20 years) measures. The actual implementation 
mechanism of the NCCP is very slow and we could see any 
substantial achievements for implementation of proposed 
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measures of the framework document. For instance, the pri-
ority actions should have been taken within 2 years of time. 
However, these actions are not taken at all or just partially 
taken. The driver behind the weak implementation can be 
the devolution of the subject to the province. Therefore, the 
provinces are establishing their own policies and implemen-
tation frameworks at a provincial level. The time will define 
how subnational governments have set their frameworks for 
actions to handle climate change in their respective domains.

All the provincial governments, Azad Jammu and Kash-
mir, Gilgit-Balistan, Federally Administered Tribal Areas 
and local governments will have their own plans and strate-
gies for effective implementation of climate change poli-
cies and action plans. The subnational entities are getting 
guidelines from established implementation framework for 
the NCCP at the federal level. At the federal level, it was 
indicated that the implementation committee will oversee 
the implementation of climate change actions in Pakistan. 
However, it does not mention that who has to do what and 
what would be their authority with responsibility. Table 2 
highlights the complete summary of this study.

5  Two Comparative Expert Views 
on Motivation and Efficacy of the NCCP

To validate the findings that are produced in this study, 
semi-structured interviews were conducted with two policy 
and climate experts in Pakistan to ascertain the motivations 
and efficacy of the NCCP, as a supplement to the policy 
analysis conducted by the author. These two experts were 
chosen based on their involvement in global climate change 
policy as well as their intimate familiarity with the Paki-
stani context. Neither respondent was directly engaged in 
the formulation of the policy itself to avoid any conflict of 
interest. The following two experts were consulted based 
on these criteria:

Shafqat Kakakhel is a senior retired Pakistani diplo-
mat. He served as the UN Assistant Secretary General and 
Deputy Executive Director of the United Nations Environ-
ment Programme (UNEP). He was elected president of the 

UNEP Governing Council in 1995. Kakakhel was elected 
member of the Executive Board of the UNFCCC ‘Clean 
Development Mechanisms’ for 2009–10. Again for the years 
2011–12, he was representing the Non-Annex parties of Asia 
Pacific. He is a member of the Board of Governors for the 
Sustainable Development Policy Institute in Islamabad since 
2009 and has served as its Chairperson since 2013. Moreo-
ver, he was one of the senior members of the TFCC estab-
lished by the Government of Pakistan in 2008.

Ali Tauqeer Sheikh is the chief executive officer of Lead-
ership for Environment and Development in Pakistan. He 
is deeply involved in sustainable development, particularly 
in poverty-environment nexus, climate vulnerabilities and 
equitable development. Mr. Ali remained the Asia Direc-
tor for Climate and Development Knowledge Network. He 
has attached to a number of international organizations such 
as the Asian Development Bank, European Commission, 
Packard Foundation, Rockefeller Foundation, and The Asia 
Foundation. Ali has vast experience in training and facili-
tating multi-sectoral and multi-disciplinary expert groups 
on policy planning, leadership development, and consensus 
building.

The creation of the NCCP is fully encouraged by both the 
experts. They viewed that the NCCP should have been estab-
lished earlier keeping in view the Pakistan’s vulnerability to 
climate change. For instance, Kakakhel indicated that ‘…
Pakistan was way behind India and Bangladesh in creating 
a policy framework concerning climate change which had 
developed their national climate change policies in 2008.’ 
The reason for this delay may well be considered in the con-
text of the security environment in the country following the 
advent of war in neighboring Afghanistan.

Regarding the process of the NCCP, the experts had 
divergent opinions which are evaluated in terms of their 
embedded assumptions. Ali described that the stakehold-
ers’ identification was opportunistic rather than being sys-
tematic in terms of the scope of various interest groups 
which needed to be consulted. Provincial engagement was 
not undertaken with the level of care that was demanded 
of a country with still fragile national political integration. 
However, both expert respondents were optimistic that the 

Table 2  Complete summary of 
the study

Criteria Fulfilled Better but needs 
improvement

Not fulfilled

1. Accessability √
2. Policy background √
3. Goals √
4. Resources √
5. Monitoring and evaluation √
6. Political and public opportunities √
7. Obligations √
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establishment of the NCCP was a positive initiative in so 
far that it raised awareness of climate change policy; many 
of its weaknesses can be overcome by revisiting and revis-
ing the policy from time to time.

Both expert respondents strongly negated the view 
that the policy was created to get funds from donors. For 
example, Kakakhel explained that ‘it is unfair to attribute 
the formulation of the NCCP solely to a quest for donor 
funds’. To him, the NCCP represents an important mile-
stone in the development of Pakistan’s climate regime on 
the basis of the report of the TFCC in October 2008. He 
further argued that ‘the credit for the preparation of the 
NCCP should go to the civil society activists who persis-
tently called for an overarching policy framework on cli-
mate change…’. Likewise, Ali maintained that there is no 
evidence that the policy was framed with the motivations 
to secure funds from donor agencies. Both experts have 
same opinion that it is not justified to say that the policy 
was established to get funds.

The implementation of public policies, especially, envi-
ronmental policies remained a challenge for Pakistan. It is 
important to know the progress for implementation of the 
NCCP. The federal government established implementation 
framework for the NCCP in 2013 and set priority, short-
term-, medium-term-, and long-term actions. If you see the 
priority actions which should have been taken, we cannot see 
any substantial achievements. Most of these actions are not 
taken at any level. Ali described that these are ambitious tar-
gets without any appropriate budget. He further maintained 
that the federal government may work for framework but it 
does not need to set implementation targets for provinces 
keeping in view addressing climate change is the responsi-
bility of the provinces.

Kakakhel responded that ‘…the NCCP and the frame-
work for its implementation will remain unfulfillable wish 
lists unless they are elaborated in carefully prepared pro-
jects or programs and are implemented through federal and 
provincial governments and non-state stakeholders’. How-
ever, he is optimistic about implementation of the NCCP 
describing that ‘We hope that the institutional mechanisms 
enshrined in the landmark National Climate Change Bill 
approved by the Parliament in March 2017, namely the Cli-
mate Change Council, the Climate Change Authority and the 
Climate Change Fund, would ensure the full and effective 
implementation of the NCCP as well as Pakistan’s Intended 
Nationally Determined Contribution (INDC), thereby ena-
bling Pakistan to contribute to the implementation of the 
Paris Agreement’.

The expert opinions tell us that the creation of the NCCP 
was the need of the hour for Pakistan taking an account its 
high vulnerability. However, certain weak aspects of the 
policy were discussed which need to be addressed to attain 
desirable results of the policy.

6  Discussion

The summary of the analysis in Table 2 shows that major-
ity of established criteria is met by the NCCP. Accessibil-
ity to the policy is its major strength. However, the rest 
of the criteria included the policy background, goals and 
objectives, resources, monitoring and evaluation, political 
and public opportunities, and obligations are needed to 
revise for its improvement.

The policy document is easily accessible for everyone 
in soft and hard copy form but the inclusion of policy 
background is needed for its improvement. Comprehensive 
policy background is one of the key strengths for a policy 
as it provides complete backing for a policy document. In 
case of the NCCP, it may lack scientific backing. There 
is no provision of any evidence in the NCCP to consult 
any empirical research. Therefore, it is dire need for any 
policy document to have statistical background and com-
prehensive goals and objectives for establishing achievable 
policy measures.

Some of the policy’s objectives are not realistically 
established. Although, the objectives are highlighted in 
the policy but the policy lacks to provide the backing for 
these objectives in the form of policy measures. The real-
istic and doable goals and objectives along with resources 
are major strengths for an effective and optimal policy.

Resources including financial and human resources are 
very important for an effective implementation of a policy. 
In case of the NCCP, it is highlighted that these resources 
are important for the policy and it proposes certain meas-
ures to address them. Pakistan’s dangling economy and 
allocation of weak budget to manage climate change is 
a point of concern for countering climate change in the 
country.

Subsequently, monitoring and evaluation is emphasized 
in the policy and the hierarchy is established in the policy. 
This is the strength of the NCCP. The monitoring and eval-
uation is of extreme importance for addressing the weak-
nesses of a policy especially in its implementation phase. 
The proposed evaluation for NCCP is mainly based on 
internal evaluation. However, emphasis on external evalu-
ation is not described in the policy which could be the real 
test about success and failure of the policy.

The policy document acknowledges the importance 
and involvement of stakeholders. There are various fed-
eral and provincial departments along with some non-
governmental organizations which are indicated in the 
policy. However, there is no clarity as to who is the real 
stakeholder. Second, the document lacks to provide the 
concerns of any stakeholder and appropriate measures for 
such concerns. Therefore, these weaknesses of the policy 
should be addressed on an urgent basis for its effective and 
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long-lasting implementation. To address the weaknesses 
of policy, it is important because the subnational govern-
ments are getting valuable inputs from the NCCP, while 
devising provincial climate change policies and action 
plans.

Further to this, with regard to obligations, the NCCP 
identifies the hierarchy for the implementation at federal, 
provincial and local levels. However, there is no indication 
who will do what tasks and when it would be done. Keep-
ing in view the significance of implementation plans of any 
policy, there is a dire need to present the rational and spe-
cific implementation mechanism. In case of the NCCP, such 
coherent and specified mechanisms at the moment may be 
lacking and which should be dealt with.

The findings are validated by the expert opinions. The 
experts are in the views that the NCCP is a positive move to 
tackle climate change in Pakistan. However, they suggested 
that there is need to establish proper institutional arrange-
ments, ensure involvement of related stakeholder, and to 
establish action plans at the right level.

7  Conclusion and Final Remarks

Pakistan is amongst the highly vulnerable countries to cli-
mate change; it is among the few developing countries who 
have formulated their climate change policies. The estab-
lishment of the NCCP was a laudable step to effectively 
countering climate change in Pakistan. After 18th consti-
tutional amendment in Pakistan, the implementation of cli-
mate change policy and other related policies are the respon-
sibility of subnational governments. However, the NCCP 
which is prepared at federal level plays an instrumental role 
to provide a strong backing for establishing climate change 
policies and action plans in the provinces.

The NCCP was created at the national level while engag-
ing the respective provinces and considering the require-
ments of all the provinces. Therefore, the respective prov-
inces can acquire valuable policy measures from the NCCP 
while devising their provincial climate change policies. The 
NCCP offers a systemic monitoring and coordination mecha-
nism for provinces as the national government is responsible 
for dealing all the international treaties and legal obliga-
tions at international forums. Therefore, coordination is very 
important to present the case of Pakistan at the international 
level.

It is important to note that Pakistan has a weak capac-
ity to deal with climate change. The policy proposes some 
concrete and handful measures for promotion of institutional 
and human capacity. The policy is poised to enhance climate 
research and scientific evidences so that the innovative strat-
egies can be incorporated for effective results. Moreover, it 
strongly emphasizes citizen engagement and involvement 

of relevant stakeholder while dealing climate change in the 
country. Apart from multiple strengths of the policy, it also 
has some shortcomings. Some policy measures are very 
generic in nature and they are not prepared with detailed 
research and scientific backing. For instance, the policy 
proposes to protect glaciers which seem quite complicated 
keeping in view the complexity of military conflict between 
Pakistan and India in the region.

Moreover, it proposes some measures which are not prac-
tically implementable. It is not possible to utilize such meas-
ures keeping in mind the dangling economy of Pakistan. The 
policy claims that all relevant stakeholders were consulted. 
However, there is no indication that Pakistan’s military was 
also part of such consultation although, there is a strong 
linkage between national security and climate change. The 
NCCP is a promising initiative but it requires improvements. 
The policy must be revised to address its shortcomings and 
to incorporate new strategies as per requirements to address 
the current situation of climate change in the country.

The federal Ministry of Environment was renamed as 
ministry of climate change in 2012. The important tasks of 
the ministry are to establish climate change policies, action 
plans to counter climate change, and to deal climate change 
matters at international forum. It also coordinates between 
inter- and intra-provincial governments in the context of cli-
mate change and global warming. The ministry promotes 
research and technical cooperation, and liaises with inter-
national donors/agencies.

Pakistan officially launched the NCCP in 2013. The min-
istry then created an action plan to implement the measures 
and actions proposed in the NCCP. In 2013, the ministry 
was degraded to a division. However, the government real-
ized that it requires a full ministry so as to move forward 
for effective implementation of the NCCP and the ministry 
was reinstated in 2015. Therefore, the implementation of 
the NCCP was a major motivation factor to reinstate the 
ministry.

In 2017, the climate change act was passed which “will 
fast-track measures needed to implement actions on the 
ground” in the country which is behind the effective imple-
mentation of climate actions. New institutional arrangements 
are set: Pakistan Climate Change Council, Pakistan Climate 
Change Authority, and Pakistan Climate Change Fund.

The council is a decision-making body chaired by either 
the prime minister or a person nominated by him. The gov-
ernment appoints federal and provincial ministers, chief 
ministers and chief secretaries as members of the council. 
The Climate Change Authority is an autonomous govern-
ment department composed of scientists, academics, indus-
trialists, agriculturalists and serving and retired government 
servants, etc. The task of the authority is to formulate adap-
tation and mitigation policies and projects designed to meet 
Pakistan’s obligations under international climate accords 
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like the Paris Agreement. The implementation of the NCCP 
is the driving force for all these new institutional arrange-
ments in the country.
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Abstract
Earth is undergoing inevitable changes in its climate as a result of both natural and man-made activities, e.g., earthquakes, 
hurricanes, rapid urbanization, population growth, agricultural intensification, etc. Women commonly face higher risks and 
greater burdens from the impacts of climate change as they are more likely to be economically dependent than men and have 
less access to education and information that would allow them to manage climate-related risks to agriculture and livestock. 
Women make up the majority of the world’s poor population. They tend to suffer more from the impacts of climate-related 
disasters and severe weather events due to regional cultural norms and unfair distribution of roles, resources, and power, 
especially in developing countries. Their role in combating climate change is seldom appreciated even though they give 
priority to their families even in the times of droughts and scarcity of food and water resources. This paper sheds light on 
climate change and its relation to women in different scenarios of the changing climate. These include agriculture, biodiver-
sity, water, natural disasters, wars, migration, pollution, health and sanitation, education, disempowerment, security, social 
and psychological and human rights. Lastly, to mitigate the effects of climate change on women, recommendations to involve 
international funding organizations are also discussed.

Keywords Vulnerability · Women · Climate change · Policies

1 Introduction

Women are most likely to suffer from climate change, but 
they are also most capable of creating change and adap-
tation within their communities. Their vulnerability to cli-
mate change can be observed by looking at their daily lives. 
They generally perform the roles of finding, collecting, car-
rying, storing, securing, purifying and distributing water 
and food for various household purposes such as drinking, 
cleaning, washing, sanitation, feeding families; production 
of livestock products and household crops; cutting and car-
rying fuel such as agricultural waste or wood for heating 
homes, drying clothes, and cooking; cutting and learning 

about herbs to treat diseases and taking care of the elderly 
and the sick (United Nations Women Watch 2009; Noreen 
1991; Annecke 2010; Ariyabandu 2000). Such close rela-
tionship of women to all aspects of nature makes obvious 
that any adverse effect on the environment will adversely 
affect women. Major factors accounting for the vulnerability 
of women are less ownership of land or assets and less work 
opportunities, high levels of illiteracy, low social status, 
limited mobility, socially formed barriers of dependence on 
males, unequal access of resources and less involvement in 
decision-making processes (United Nations Women Watch 
2009).

World Summit on Sustainable Development held in 
Johannesburg in 2002 has declared climate change as an 
‘ethical’ issue since women and children are the major 
weight-bearers of the issue (Aureli and Brelet 2004). This 
is mainly because woman form the majority of the world 
poor. Of 1.3 billion people in the developing world who 
live below the poverty line, 70% are women (Arora-Jonsson 
2011). Women are more dependent on natural resources 
than men in terms of consumption of agricultural resources, 
fuel burning and acquisition of wood, etc., for their liveli-
hood (Roberts 2009). Sixty percent women form part of the 
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gravely hungry people in the world. Major General Patrick 
Cammert, a former UN peacekeeping operation commander 
said that ‘it is now more dangerous to be a woman than to be 
a soldier in modern conflict (Roberts 2009)’.

Climate change is a major challenge affecting the day to 
day livelihood and the struggle of survival both in the short-
run and the long-run. The common effects can be observed 
on agriculture, biodiversity and ecosystems, food security, 
freshwater resources, human health and settlement patterns, 
and energy, etc. Due to rapid population growth, urbaniza-
tion and agricultural intensification, natural resources are 
depleting significantly leading to a global physical imbal-
ance. During the past 39 years, 2015 has been recorded as 
the hottest resulting in an increase in Earth’s temperature and 
rise in sea-level (Habtezion 2016a). According to the UN 
Secretary-General Report, an average of $250–$300 billion 
annually is the cost spent on disasters caused by climate 
change (United Nations 2015). The condition is worse in the 
developing countries. A Swedish bill on climate and energy 
states that ‘many developing countries are especially vulner-
able to climate effects because of poverty, conflicts of gender 
and social equality, the environmental degradation and lack 
of food (Arora-Jonsson 2011)’.

This paper focuses on climate change and its relation with 
women in different dimensions around the globe including 
agriculture, biodiversity, water, natural disasters, wars, 
migration, pollution, health and sanitation, education, dis-
empowerment, security, social and psychological and human 
rights. In the end, mitigation of the issues is also discussed 
in detail.

2  Vulnerability of Women to Climate Change

2.1  Women, Climate Change and Agriculture

Climate change is posing great threat to the agriculture 
sector. Extreme weather conditions, changes in rainfall 
patterns and increase in global temperature as a result of 
climate change are leading to failure of crops, outburst of 
pests and diseases and depletion of land and water resources 
(Habtezion 2016b). Consequently, four major aspects of food 
security are under threat, these are, food availability, food 
accessibility, food utilization and food systems stability 
(United Nations Women Watch 2009). All these are largely 
affecting women in rural areas who are the major contribu-
tors in agriculture sector activities and responsible for secur-
ing, storing and preparing food. In general, men have the lib-
erty to migrate when the conditions are harsh leaving behind 
women who look after their families, farms and livestock. 
Talking specifically about African women, William says: 
‘In Africa, most farmers are women. Decline in agricultural 
yields increases women’s workload to obtain enough yields 

to feed their families; it directly affects household nutrition 
and incomes and a decrease in woody vegetation makes it 
difficult to feed their animals (Williams 1993)’. According to 
a UN Women Watch report (United Nations Women Watch 
2009), 45–80% of all the food production in developing 
countries is accounted for by women. In Pakistan, women 
form 73% of the agricultural labor force (Noreen 1991). In 
Africa, the majority of the female labor force is employed in 
agriculture (Steady 2014). At present, about 90% of African 
female labor force and about two-third of the world’s female 
labor force is involved in agriculture (FAO 2018). African 
women produce 80% of the continent’s food with 60% 
employment in the agriculture sector. Women spend most 
of their time in agriculture related activities contributing 
to lower level farming which accounts for 50% of the labor 
working on the farms (UN Food and Agriculture Organi-
zation 1995; Cheryl Doss 2015). Apart from this, women 
are also involved in afforestation, crop domestication, soil 
and water conservation, etc. (Habtezion 2016). In spite of 
their large role in the agricultural sector worldwide, women 
are not allowed ownership of land (Ndaruzaniye 2013). It 
is alarming to know that women own 10–20% of the land 
worldwide (Food and Agriculture Organization (FAO) 
2011). As per Women’s Environment and Development 
Organization (WEDO), women own less than 2% land glob-
ally (Women’s Environment and Development Organization 
(WEDO) 2018). Most of the irrigated fields are worked by 
women but it is men who take advantage by owning the 
land, and dominating the decision-making processes and 
market affairs (Sandys 2005). Only 5% of agricultural exten-
sion services worldwide are received by women and as per 
resources, in Nigeria, Uganda and Tanzania, gender produc-
tivity gaps are 18.6, 30.6 and 27.4%, respectively (Habtezion 
2016). It has been found that microfinance which is a system 
of giving loans for investment in individual projects is dif-
ficult for women to get as compared to men and even if they 
do get, their loans may still be controlled by their male rela-
tives. In rural Paraguay, a survey of 210 households showed 
that 23% of the women declared that they were credit con-
strained, but in two-third cases, their husbands asserted that 
they had adequate access to credit (FAO 2013; Fletschner 
2009). In addition, women are also forced to work on less 
fertile lands as compared to men, as women are considered 
subservient to men socially (Sandys 2005).

Changing climate can lead to loss of harvests because of 
changing temperature and rainfall patterns or due to disas-
ters such as droughts or floods (Annecke 2010). This some-
times affects food availability and market prices of the crops 
increase making food unaffordable. Consequently, women 
who do not own land and do not have any other sources to 
earn face loss of income and often loss of their sole sources 
of food and are faced with the pressure of feeding themselves 
and their families. As a result, they are dragged into pit of 
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poverty and health issues such as malnutrition (Annecke 
2010).

2.2  Women, Climate Change and Loss 
of Biodiversity

Climate change is posing significant and progressive threat 
to the biodiversity and is likely to contribute to its loss by 
the end of the century. Climate change is contributing sig-
nificantly to the extinction of many plant and animal spe-
cies by changing temperature and rainfall patterns, frequent 
floods, storms and changes in behavior and food sources, 
etc., leading to imbalance of the entire global ecosystem. 
It is expected that by 2050, climate change will result 
in extinction of 25% or more of all species (El-Keblawy 
2014). During the past 100 years, temperature of Earth has 
increased by 0.6 °C. The results are evident from melting 
of the ice belts, rise in sea-level and depletion of forest 
resources all over the world (United Nations Women Watch 
2009; Ecosystems and Human Well-being 2005). One of the 
major consequences includes loss of Arctic sea ice which 
is threatening the biodiversity across an entire biome and 
beyond (United Nations Women Watch 2009; Shah 2014). 
Moreover, coastal communities are also under threat due to 
higher concentrations of carbon dioxide in the atmosphere 
resulting in ocean acidification. One major contributor of 
ocean acidification is deforestation which accounts for an 
average of 20% carbon dioxide emitted into the atmosphere 
by humans (Shah 2014). Furthermore, the structure of plant 
and animal communities in coastal regions is limited by the 
factors that affect the tolerance of species to the environ-
mental conditions such as availability of light, temperature, 
moisture, disturbance such as storms and fire, tides, water 
depth, availability of nutrients and salinity (Burkett 2008). 
All of these limiting factors are affected by climate change. 
Thus, coastal biodiversity is being affected on which people 
of coastal communities largely depend for food, water and 
livelihoods. Major livelihood activities of coastal communi-
ties include fishing, seaweed farming, trading and tourism 
(Jayaweera 2010). Mariette Correa, a gender and develop-
ment expert stated that women make up half of the total 
working population worldwide in the seafood industry. They 
are involved in fisheries, seafood processing, inland fisher-
ies, seaweed and shellfish collection, fishing, weaving and 
repairing nets, processing, sales, and local and intra-regional 
trade. In small-scale fisheries, they also play roles in man-
aging finances at the household level and managing aquatic 
resources at the community level (UN Women, Asia and 
the Pacific 2015). As a result of loss of biodiversity, coastal 
women have to suffer from loss of income and livelihoods.

Similarly, forest ecosystems are also undergoing signifi-
cant biodiversity loss. In Asia and Africa wood, agricul-
tural crops and residue, forest resources are substantial to 

the survival of men and women and to fulfill their energy 
requirements. The constant climate changes are leading to 
depletion of these resources, hence affecting the livelihoods 
of millions of people (Chan 2018). Women are primarily 
responsible for collecting and carrying fuel wood and forest 
resources and walk fairly long distances that consumes lot of 
time affecting domestic activities; education and health, e.g., 
arthritis and spinal deformities (Lambrou 2006). Collection 
and carrying of fuel can consume from 2 to 20 or more 
hours of women per week. However, as resources become 
scarce, women are required to travel greater distances for 
finding and collecting resources which consumes more of 
their time (United Nations Women Watch 2009). Women, 
continuously working in the close proximity to the nature, 
have great knowledge about patterns of seed development 
and production, plant and animal species, weather condi-
tions, and food supply, so they can contribute tremendously 
in dealing with issue of loss of biodiversity and climate 
change (WEDO 2018).

2.3  Women, Climate Change and Water Resources

Mother Nature has blessed Earth with many precious renew-
able resources which are being subjected to an increasing 
deadly threat by the human impact. Among these freshwater 
may be the most mighty and unforgiving. Not only it is cru-
cial to survival but to existence of life itself. Its purification 
and transportation are one of the most arduous tasks. Cli-
mate change is affecting water supplies as a consequence of 
pollution, floods, acidification, etc. Bridget Mahoney in her 
report mentions that about 663 million people lack access 
to safe water (Bridget Mahoney 2016). According to the 
estimate of UN-water, about 5.5 billion people, which are 
about two-thirds of the world’s population, will face water 
shortage by 2025 (Aureli and Brelet 2004). As per Global 
Consultation on Safe Water and Sanitation, about 80 coun-
tries supporting 40% of the world population is already 
facing water shortage and supply and scarcity is constantly 
accelerating (Yoon 1993). It has been estimated that 75–250 
million people will face water shortage by 2020 and rain-fed 
agricultural yields will be reduced by 50% (Steady 2014). 
As per UNDP report, water resources in Pakistan are likely 
to dry up by 2025 (Shams 2017).

Though water in all the water-bodies of the world may 
seem unbounded, it is very much limited. This finite com-
modity has a direct bearing on almost all the sectors of 
economy and every aspect of life. Major issues related to 
water are freshwater availability and access. Water and 
women have deep relationship. Women are major sufferers 
of shortage of water since they are the ones that carry out 
management of water at household level (UN Chief Execu-
tives Board (CEB) 2007). They are the primary collectors 
and users of water for cooking, cleaning, washing, hygiene, 
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child care, waste disposal, vegetable growing, food process-
ing, and sanitation. Water being necessary for household 
purposes, agriculture and also electricity production is dis-
turbing every aspect of women’s life. Not only the burden of 
work is increasing, but health, education, privacy and safety 
of women is also affected. Additionally, at the onset of crisis, 
it has been found that men migrate to lucrative areas leaving 
behind women to take responsibility of water management. 
As shown by the research in Sonari village in the Thar area 
of Pakistan, not a single man could be found in the village 
and women were overburdened by domestic tasks and water 
related matters with their lives revolving only around don-
keys, goats and malnourished children. These women had to 
fetch brackish water from the wells and food from the trees 
(Ariyabandu 2000).

Since women are collectors of water in most rural areas, 
women face certain problems whenever issue of water short-
age arises. They have to find the sources of water, think 
about the methods to draw, collect, transport the water and 
places to store it. Moreover, distributing water for various 
purposes depending upon the quality of water and purifying 
water by different techniques proves to be another arduous 
task. Consequently women have to walk for considerable 
distances to collect water from their homes to water wells 
or water plants carrying water buckets that may weigh up to 
40 kg in some instances. In countries like Pakistan, in rural 
areas, women spend an average of 4 h a day fetching and 
carrying water on their heads due to the lack of transporta-
tion (Noreen 1991). In a factual report written by Bridget 
Mahoney, it has been mentioned that in African countries 
women are five times more likely to collect drinking water 
and on average, a distance of 3.7 miles per day is covered by 
females and 5 gallons per trip are carried. Globally, every 
day, 200 million hours are spent by women in carrying water 
to their houses. It also states that water requirement for a 
family of six people means carrying the water for an average 
of 3 h per day. According to World’s Women report of 2010, 
63% women in Sub-Saharan Africa collect water in compari-
son to 11% of men in rural areas while about 29% women 
collect water compared to 10% men in urban areas (United 
Nations Statistics Division 2010). Data obtained from eight 
countries shows that women are more involved in affairs 
of water collection and distribution as compared to men as 
given by example of Guinea where women spend 30 min 
per day in water collection while men spend only 8 min 
(Women’s Environment and Development Organization 
(WEDO) 2018). In an interview in Lalibela district of Ethio-
pia, women reported that during drought period, time taken 
to fetch water substantially increased as it would take up to 
6 h a day while previously it just took 2 h (Swarup 2011). 
Thus, women have to work tirelessly at the expense of their 
health, time, education and this leads to their disempower-
ment. Even this amount of water is sometimes not enough to 

meet their needs since it is often contaminated. Thus, women 
face effects of poor sanitation (UNICEF 2018).

Water scarcity is not only affecting women’s domestic 
lives but their livelihoods as well. Due to shortage of water, 
women have to travel greater distances and have to spend 
greater amount of time in collection of water. This time 
pressure hampers their income-generating activities such as 
running cottage industries and selling hand-made products 
and crafts. In addition, women form major portion of the 
world’s agricultural labor force as mentioned above. How-
ever, women still lack access to resources such as agricul-
tural equipment and technology which can be used to buffer 
the effects of climate and water variability, and agricultural 
water management policies and investments which are criti-
cal to poor working women are often gender-blind. Thus, 
when there is shortage of water, their fields and crops are 
wasted and women have to suffer from loss of livelihoods 
and consequently, poverty. Also, women have fewer oppor-
tunities to do off-farm jobs or migrate to urban areas to earn 
livelihood as compared to men. Stress caused by require-
ment of greater time for collection of water puts women in 
a dilemma of choosing to work on neighbors’ farms to earn 
food for today, tending to their own fields to grow food for 
tomorrow or putting both at risk to collect water for house-
hold use (Parker et al. 2016).

2.4  Women, Climate Change and Natural Disasters

As mentioned earlier, the temperature of earth is increasing 
rapidly leading to Global warming and melting of ice caps. 
As a consequence, the rise in sea-level, extinction of species, 
changes in rainfall and humidity patterns are being observed. 
All these are contributing to frequently occurring natural 
disasters such as droughts, famines, floods, cyclones, hur-
ricanes, typhoons, mudslides, etc., and also slowly occurring 
disasters such as desertification and salinization of coastal 
areas. According to Sir John Holmes, in the last 20 years, 
the number of natural disasters recorded has increased from 
200 to 400 per year and about nine out of every ten natural 
disasters are related to climate (Holmes J, Under-Secretary-
General for Humanitarian Affairs and Emergency Relief 
Coordinator 2008). The primary consequence of natural 
disasters is disturbed patterns of human settlement, migra-
tion or displacement. Other consequences of natural disas-
ters include health issues and deaths, loss of shelter, poverty, 
agricultural losses, loss of education and empowerment.

It has been found that women and children are the major 
consequence-bearer of natural disasters. They face many 
social, educational and employment, privacy and health 
issues. Majorly, they face poverty more than men as a con-
sequence of disasters. According to a research, death rate of 
women and children is 14 times greater than that of men in 
natural disasters (Soroptimist International of the Americas 
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2008). In 2004 Asian tsunami, 70% of the dead were women 
(Soroptimist International of the Americas 2008) and as per 
another report, women were 80% of the dead in 2004 tsu-
nami of Asia (APWLD 2005). Of 140,000 people killed in 
1991 Bangladesh cyclone, mortality rate of women above 
age 40 was 31% greater (Bern et al. 1993). In Hurricane Kat-
rina that hit USA in 2005, more women lost their livelihoods 
in comparison to men and formed the poorest and margin-
alized part of the community. A study shows that among 
180,000 people who lost their livelihoods in Louisiana, 
103,000 were women (Ginn 2009). 87% unmarried women 
and 100% married women lost their source of income by 
cyclone Nargis that hit Ayeyarwaddy Delta in Myanmar in 
2008 (British Red Cross on Relief Web 2009). More women 
died as compared to men in 2003 European heat-wave and in 
Indonesia and Sri Lanka 2006 tsunami (Araujo et al. 2008).

Natural disasters are also increasing the prevalence of 
water-borne diseases. This also increases rate of mortality 
and morbidity and aggravates women’s care-giving respon-
sibilities. In addition, post-disaster studies show that women 
are less likely to be given quality health-care after disas-
ters (World Health Organization (WHO) 2008). Women 
are, therefore, more likely to contract diseases after natural 
disasters.

Men own most of the agricultural lands and houses so 
their losses are recorded, but losses other than these are 
never considered. However, women lose their kitchen uten-
sils, sewing machines, small animals and any other produc-
tive assets they have that make them more dependent on 
men (Bradshaw and Fordham 2013). Depletion in natural 
resources increases women’s workload with more distance 
to travel for wood, water and food collection. This leaves 
women with no time for income-generating activities. Some-
times, women have to sacrifice themselves for the sake of 
their families with declining quantity and quality of food 
(Masika 2002).

Many factors have been listed as a cause of women’s vul-
nerability to natural disasters. Lack of resources and poverty 
contribute to their vulnerability. A study conducted by Inter-
national Federation of Red Cross and Red Crescent Societies 
shows that in low-income countries, people are 4 times more 
prone to dying in natural events as compared to people in 
high-income countries (World Disasters Report 1993). Since 
women form the major part of world poor, they are more vul-
nerable to natural disasters than men. Certain social aspects 
of a society also play an important role in determining the 
vulnerability. As per study conducted in Orissa, India about 
the vulnerability of women to floods show that it is difficult 
to study various aspects of vulnerability without taking into 
account the place and its class, gender and ethnicity concepts 
(Arora-Jonsson 2011). In many areas, the notion of socially 
constructed ‘dependence of women on men’, economic 
disadvantage, gender discrimination in ownership, access 

and control of land and resources, limited decision-making, 
lower literacy rates make them susceptible to damage dur-
ing natural disasters. Cultural and religious restrictions on 
women’s mobility also hamper their timely escape at times 
of disasters. For example, it was reported that during floods, 
many women did not leave their houses as it was consid-
ered socially and culturally inappropriate and some of the 
women who tried to escape died because they did not know 
how to swim (Rohr 2006). In their analysis of up to 141 
countries conducted between 1981 and 2002, Neumayer and 
Plumper found that the extent of socially constructed vulner-
ability also determines women’s vulnerability to disasters as 
compared to male life expectancy and that women are more 
likely to die if they are more economically disadvantaged 
(Neumayer and Plumper 2007). Kafi points out that there are 
no laws to protect women rights in some countries and even 
if there are some legal provisions, women are not literate 
enough to claim their rights and do not have any financial 
resources. (Kafi et al. 1992). Men are preferred over women 
in post-disaster treatment resulting in more suffering of food 
shortages, toilets and bathing facilities and sleeping arrange-
ments for women (Swarup et al. 2011). Similarly in 1991, 
no official warning to women regarding cyclone in Bangla-
desh was given whereas men were totally aware as they were 
informed in public places, but these warnings were seldom 
communicated on to their families. This indicates social 
injustice and general gender inequality in society (Rohr 
2006). This limits women’s coping capacity and decreases 
their resilience (https ://www.karat .org/wp-conte nt/uploa ds/ 
2012) to the natural disasters.

2.5  Women, Climate Change and Wars

Another consequence that is usually not considered when 
listing effects of climate change is increase in wars and 
conflicts all over the world. Climate change is resulting in 
extinction of species, water resources and prevalence of 
droughts and famines. Thus, survival instinct of nations 
forces them to fight against each other to get food, water, 
and other necessary resources. It is generally said that third 
world war will be due to the shortage of water. Harald 
Welzer, the author of the book ‘Climate Wars: Why Peo-
ple Will Be Killed in the 21st Century’, said ‘My belief is 
that we will see renaissance of violent conflict in the 21st 
century, and that many of these conflicts will spring from 
climate change (Illing 2017)’.

Marcus King, a professor at George Washington Univer-
sity’s Elliott School of International Affairs who authored 
the chapter on ‘weaponizing’ water, said that in coming 
years, water shortages might also lead to interstate war. 
Over the issue of damming River Nile, Ethiopia has already 
been threatened by Egypt with air strikes (Aton and Amer-
ican 2017). Marco Sánchez Cantillo at the UN Food and 

https://www.karat.org/wp-content/uploads/
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Agriculture Organization says that ‘There’s no doubt that 
there’s a clear interaction between climate change and con-
flict”. He further added that “They work together to acceler-
ate and deepen the severity of hunger”. Marco in his report 
pointed out that the number of undernourished people in the 
world increased yearly from 2003 to 2016. In 2015, there 
were 777 million undernourished people, while the number 
increased to 815 million in 2016. About 489 million under-
nourished people among these were in those countries which 
had high conflict rate. The report also blames droughts to be 
the cause of conflicts and food crisis in Afghanistan, Iraq, 
Yemen, Sudan, Somalia and Syria. Thus, today about 53.5 
million people have no reliable food source (Coghlan 2017).

War on natural resources is already underway in countries 
like Iraq and Afghanistan according to Pentagon’s study of 
climate change (Military Advisory Board, The CAN Cor-
poration 2007). Gwyn Kirk of Women for Genuine Security 
has reported that America is fighting war against Iraq to get 
hold of its oil and use it continuously. All over the world, an 
increase in greenhouse gas emissions is being observed due 
to militaristic acquisition and unjust use of natural resources. 
Hence, climate instability and depletion of resources is 
increasing leading to more wars and even further climate 
instability (Roberts 2009). In 2000, under $300 billion were 
spent by United States military, but in 2008, it spent $700 
billion. Greenhouse gas emissions and military spending has 
surpassed all previous levels (Sharp 2009). During 3-week 
combat in Iraq, about 40 million gallons of fuel were burnt 
by army. It means about 2 million gallons were burnt per 
day, which is an amount equal to total gasoline consumption 
of all the Allied armies during World War I (Roberts 2009).

The majority of the people affected during war are 
women and children. This is because they are solely left 
responsible to feed their families when their husbands, sons 
or male members of the house are killed during wars. All 
burden falls on them. They also face sexual violence at the 
hands of male soldiers. Sometimes, they are forced to leave 
their houses and migrate to faraway places. So, they suffer 
from poverty and are left with no other choice than to hold a 
beggar’s bowl. Domestic violence becomes prevalent when 
normalization of militarism and violence in a society takes 
place. Thus, whenever situation of war arises, it is women, 
whose rights are mostly crippled, demeaning the status of 
women even more (Roberts 2009).

2.6  Women, Climate Change and Migration

Climate change is also accelerating the process of urbani-
zation as temperatures are rising and lands are becoming 
less productive and it is predicted that over the next dec-
ade, the environmental deterioration is further likely to 
increase internal and cross-border migration (IOM 2009). 
In 2008, as many as 20 million people were displaced by 

climate-related natural disasters as per Norwegian Refu-
gee Council (Elverland 2009) and about 800,000 people 
were displaced due to cyclone Nargis. Desertification in 
Mexico’s drylands displaced about 600,000–700,000 peo-
ple annually (Elverland 2009). This is generating pressure 
on already scarce resources and public services. Outbreak 
of diseases, increase in cost of food and energy, social and 
psychological issues and political conflicts are also arising 
(Guterres 2009). Women are more vulnerable to impacts 
of wars and natural disasters, hence they are more vulner-
able to impacts of migration as well. In the least developed 
countries, number of deaths of women is greater during 
migration due to their cultural, social, religious and behav-
ioral restrictions; poor or no access to information at all 
and poor socio-economic status (United Nations Women 
Watch 2009). Due to Hurricane Katrina, number of house-
holds run by low-income mothers dropped from 18,000 in 
2005–3000. This indicates that significant displacement of 
low-income earning women and their children took place 
(Ginn 2009). About 1.5 million people went homeless in 
2007 due to flooding and rains in 18 African countries. 
Among these displaced people, about three-quarters were 
women and children (UNICEF 2008). High ratio of still-
births, infant deaths, and women deaths are observed in 
times such as these. Women are left poverty-stricken and 
helpless.

In another report, it was observed that sometimes, due 
to lack of financial resources and socially constructed roles 
and responsibilities, women do not migrate at times of dis-
asters or poor environmental quality, as a result of which 
they die (Ndaruzaniye 2013).

Migration is usually followed by withdrawal of water 
from rivers, modification of rivers and changes in land-
use leading to the loss of coral reefs and damage to seas. 
Human settlement in a new area usually accompanies use 
of that area’s natural resources such as water, fuel wood, 
food resources, etc., by the people which can sometimes 
be so excessive that it entails loss of biodiversity. For 
example, in coastal areas, overfishing and improper fish-
ing practices, coastal development, sedimentation, land-
based sources of pollution and marine pollution can lead 
to ocean acidification which can cause degradation of cal-
cifying organisms such as mollusks and coral reefs. Thus, 
migration entails loss of biodiversity and ecosystems 
(Elverland 2009; Chronicle 2013).

Migration also affects health. Sometimes, migrants 
don’t get even basic life requirements. As a result, many 
people die and many fall preys to serious diseases. Women 
and especially pregnant women, who are more vulnerable 
to any adversities and malnutrition, are at greater risk 
to become sick. Stillbirths and maternal mortalities are 
observed as well.
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2.7  Women, Climate Change and Pollution/
Environmental Awareness

Women are usually responsible for disposing off house-
hold wastes and managing waste water at household level. 
Additionally, women are agents of agricultural production. 
But as pollution is increasing, women are more exposed to 
agro-chemicals such as pesticides, organic pollutants and 
infectious agents found in waste. Thus, women are more 
susceptible to water-borne and air-borne diseases (Ndaru-
zaniye 2013).

The following Table 1 illustrates climate change knowl-
edge and concerns by gender (2001–2008 pooled sample) 
as per a study by Aaron M. McCright titled ‘The effects 
of gender on climate change knowledge and concern in the 
American public (2010)’.

From Table 1, it is observed that more women than men 
show concern about global warming. More women (59%) 
than men (54%) believe that global warming is happen-
ing now and more women (66%) than men (60%) agree 
that scientists’ belief that global warming is happening 
is true. Also, more women (64%) than men (56%) agree 
that global warming is the result of human activities. Thus, 
even though women show more assessed knowledge about 
climate change, more men than women exhibit perceived 
understanding of it.

2.8  Women, Climate Change, Health and Sanitation 
Issues

Climate change is largely affecting water availability since 
temperatures are rising leading to increase in evaporation. 
This results in droughts. Also, glaciers are melting rapidly as 
a result the areas which depend on glaciers for freshwater are 

facing water shortage (GRACE Communications Founda-
tion 2018). Water quality is being affected as well as rainfall 
patterns are being disturbed. As a result of heavy down-
pours, the amount of runoff into rivers and lakes increases. 
Pollutants, trash, animal waste, sediments and toxic elements 
enter the water supplies making the water unusable or unsafe 
to drink (National Climate Assessment, US Global Change 
Research Program 2014).

As a consequence of the above mentioned facts, climate 
change is leading to outbreak of many diseases in women 
and children. Heat waves, floods, fires, droughts and storms 
are leading to increased morbidity and mortality and are 
increasing the risk of contraction of illnesses. It has been 
observed that climate usually determines the geographical 
spread of infections while weather determines the time of 
onset of the disease. Changing climate that is continuously 
changing the weather patterns is resulting in growth and 
spread of certain infectious parasites and bacteria. For exam-
ple, rise in temperature is accelerating the maturation and 
biting rate of mosquitoes (Chan 2007). Tsetse fly and para-
sites responsible for malaria are increasing due to increas-
ing warmth and dryness outside malarial zones. Every year, 
malaria imposes a loss of $12 billion on African economy 
through medical costs, lost productivity and deaths and is 
the major killer of African children. Bacterium responsible 
for cholera is also temperature dependent. With increase in 
temperature, this epidemic is increasing (Radcliffe Insti-
tute 2011). Women are more susceptible to diseases as a 
result of pollution because of their direct contact with waste 
materials. For example, women working in agriculture are 
in direct contact with agro-chemicals, organic pollutants 
and pesticides which specifically harm pregnant and lactat-
ing women. Use of pesticides is increasing due to changes 
in land use, changes in crop rotations and the introduction 

Table 1  Climate change knowledge and concerns by gender (2001–2008 pooled sample) Source: McCright AM (2010) (McCright 2010)

a Gamma for the relationship between gender and each item/index
*p < 0.05, **p < 0.01, ***p < 0.001

Belief or attitude item/index Men Women Gammaa

Assessed climate change knowledge
 % who believe the effects of global warming have already begun to happen 0.54 0.59 0.107***
 % who believe pollution from human activities are primary cause of global warming 0.56 0.64 0.168***
 % who believe most scientists believe global warming is occurring 0.60 0.66 0.141***
 Climate change knowledge index mean 1.73 1.91 0.107***

Perceived understanding
 Perceived understanding of global warming mean 3.04 2.75 − 0.336***

Climate change concern
 % who worry about climate change a great deal 0.29 0.35 0.162***
 % who believe global warming will threaten their way of life 0.28 0.37 0.198***
 % who believe the seriousness of global warming is underestimated in the news 0.28 0.35 0.225***
 Climate change concern index mean 1.29 1.55 0.174***
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of new varieties as a result both of higher and lower rain-
fall and more extreme temperatures, i.e., climate change. 
These changes result in different quantity and different 
types of pests; hence result in increased use of pesticides 
(Wood 2017). Persistent organic pollutants enter women’s 
body tissues and breast milk which cause reproductive and 
immunological disorders as these toxins can be passed onto 
their off springs. Additionally, women are involved in dis-
posal of household wastes in their daily lives. In areas like 
Sub-Saharan Africa where proper methods of disposal are 
not present and disposal is done through primitive methods 
of burning and landfilling, many water-borne and air-borne 
diseases are prevalent among women (Ndaruzaniye 2013).

Water-borne diseases are one of the major issues of 
today’s world with about 250 million people diagnosed 
with water-borne diseases in the beginning of twenty-first 
century. Among these, about 75% were the people living 
in slum-areas according to UNICEF/WHO in its report of 
2000. Majority among these were women hence, it has been 
recognized that gender and sex are determinants of health 
status as per WHO in its report of 2002 (Aureli and Brelet 
2004). Thus, access to clean water is necessary for maintain-
ing good health especially of pregnant women to protect 
them from diseases such as hepatitis and sepsis. Clean water 
is also necessary during birth-giving processes as inadequate 
drinking water, sanitation facilities and poor cleaning can 
increase the risk of death of the mother and the child. All 
over the world, women are responsible for collection and 
storage of water. Thus, women having to carry heavy pots 
that may sometimes weigh up to 40 kg on their heads and 
shoulders suffer from pelvic, pectoral, spinal deformities and 
arthritic diseases and injuries (Page 1996). This may also 
result in childbirth problems. Energy consumption during 
water collection can also affect the people with poor nutri-
tional intake. A data collected from a study conducted in 
Zimbabwe showed that the task of water collection and car-
rying required over 30% of average daily per capita calorie 
intake (Mehretu and Mutambirwa 1992).

In recent years, a direct link between climate change and 
HIV prevalence has been found. According to experts, in 
the areas where droughts are frequent, HIV cases are more 
prevalent as the people living in these areas suffer from mal-
nutrition and develop poor immune systems making them 
more susceptible to HIV AIDS. One example is of Lesotho 
which has faced one of the worst droughts recorded in his-
tory and thus, has highest rate of HIV in whole of Southern 
Africa (Isgrig 2017). According to reports, 80% of the HIV-
infected women live in Sub-Saharan Africa which makes 
water collection even more difficult. Consequently, young 
girls are charged with responsibility of collecting water and 
taking care of the elders at the expense of their own health, 
education and time (Bridget Mahoney 2016). In communi-
ties with lack of access to safe water, trachoma, a bacterial 

eye infection is common, with mainly children and women 
infected from it (The Gender and Water Development Report 
2003a). As per a resource, women form 70% of the world’s 
total trachoma-blinded people (Bridget Mahoney 2016). 
Malaria, a water-related disease, is very common in Africa. 
Pregnant women are more susceptible to contracting this dis-
ease. These women easily develop anemia and their infants 
are more likely to be born with low birth-weight and weak 
immune systems (Africa Women’s Initiative 2003).

In Karakalpakstan, Uzbekistan, NGOs that were working 
there found close relation of women’s health issues to the 
environmental degradation. Greater rates of maternal mor-
tality, miscarriages, stillbirths, and anemia were observed 
due to the environmental degradation. Children greatly suf-
fered from skin diseases, respiratory diseases and diarrhea 
(Women’s Environment and Development Organization 
2018).

Sanitation issues are also faced by women. About one-
third schools globally lack access to sanitation which is an 
obstacle in the way of their education and women spend 
about 266 million hours a day finding a washroom to go to 
(Bridget Mahoney 2016).

In many rural and socio-economically disadvantaged 
areas, where underground water is contaminated with arse-
nic, several health problems arise among women such as 
lesions, dark spots on hands and feet, hardening of skin, 
loss of feeling and swollen limbs. This has been observed 
in Bangladesh where large number of women is affected 
(UNICEF 2018).

As mentioned above, natural disasters and migration also 
lead to many water-borne diseases.

2.9  Women, Climate Change and Loss of Education/
Disempowerment

Effect of climate change on agriculture and water resources 
is increasing women workload; hence keeping them away 
from schools to work in fields, fetch water. Also due to 
lack of washrooms, sanitation facilities and sanitary napkin 
disposals, many girls during puberty tend to leave schools 
(Bridget Mahoney 2016). During natural disasters, women 
also drop out of schools to help their families for migration. 
Moreover, when male members of family die during natural 
disasters or wars, women are left poverty-stricken because 
either they are illiterate or social restraints do not allow them 
to move from one place to another to earn a living (Ariya-
bandu 2000). Similarly in case of disasters, women have to 
drop out of their schools or jobs. During natural disasters, 
loss is determined only by number of households destroyed 
but equipment such as kitchen utensils, sewing machines, 
etc., which women use to run cottage industries are never 
considered. Thus, women are left disempowered. A case 
study made by Bhutta in Jhang, Punjab, Pakistan showed 
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that during floods, schools were washed away and students 
had no choice but to support their families in agriculture or 
household chores, etc. (Bhutta 1999).

2.10  Women, Climate Change and Loss of Security

Climate change is not only affecting the health and education 
of women, but also security and resilience of women is being 
harmed. Due to the environmental degradation, women 
have to search faraway fields and places to collect fuel and 
water. As a result, they fall victim to sexual harassment and 
assault (United Nations Women Watch 2009). Because of 
the absence of restrooms in or near their homes and because 
of the lack of privacy as public restrooms are usually 
located alongside roads, women tend to wait till night. This 
increases the risk of sexual harassment, assault and animal 
attacks (Bridget Mahoney 2016). Women in three villages 
in Nepal have reported that they were not involved in tube 
well designing procedures and that they waited till night 
to undertake activities such as washing clothes and bath-
ing (Regmi and Fawcett 1999). During wars and migration, 
women also face sexual harassment at the hands of male 
soldiers. Domestic violence is also common during periods 
of wars (Roberts 2009). Not involving women in empower-
ing activities and not giving them equal social status is itself 
enough to cripple the resilience of women.

2.11  Women, Climate Change, Social 
and Psychological Issues

Social effects of climate change are seldom given any atten-
tion. However, they are very much there and affecting large 
number of women. Women, having to spend a lot of time on 
collection of fuel and water and carrying out their domes-
tic responsibilities, have very little time to socially interact 
with other people. Therefore, their social relations are crip-
pled (Ecosystems and Human Well-being 2005). Climate 
change producing temperature fluctuations, water-borne and 
air-borne diseases is leading to infertility in women (Bar-
reca 2015), which is an obstacle in a way of their marriages. 
As already mentioned, in areas of arsenic contamination, 
arsenic poisoning in women causes skin lesions. As a result, 
these women are shunned and excluded and chances of 
their marriage are greatly reduced. Additionally, unmarried 
women are generally more vulnerable to poverty and social 
exclusion (Elverland 2009). More than 1.2 million refugees 
migrated from Iraq to Syria due to US occupation of Iraq. 
Among these, the girls and women who were responsible for 
supporting their families, having no other option, turned to 
prostitution (Zoepf 2007).

Women and children also severely suffer from post-
traumatic stress disorder (PTSD) as a result of wars and 
natural disasters (Bradshaw and Fordham 2013). A survey 

conducted in Nicaragua about impacts of Hurricane Mitch 
showed that among 74% of the people that were emotionally 
affected were women (CIET-CCER 1999a, b).

An increase in forced and early marriages has been 
observed post-disaster in Haiti, Pakistan and many other 
countries that were affected by Indian Ocean tsunami (Brad-
shaw and Fordham 2013). It has been found that many girls 
are forced to marry at an early age after disasters to lessen 
the burden as parents are not in a position to secure and sup-
port their daughters. Thus, they are either sold or forced to 
marry. Bhutta, during his case study in Pakistan, found that 
many houses were washed away by floods which reduced the 
chances of marriages of girls. Additionally, being financially 
corrupt, parents had to sell their daughters’ dowries and jew-
elry further leading to delay in marriages. Since, delay in 
marriages is considered taboo in the society; these unmar-
ried girls were left with feelings of self-pity and worthless-
ness (Bhutta 1999).

2.12  Climate Change and Violation of Human 
Rights

Basic human rights include rights to food, health, basic edu-
cation and shelter. However, due to climate change, these 
rights of many people are being crippled (Kyung 2008). 
Global warming is leading to malnutrition, hunger, exposure 
to disease and depletion of water resources throughout the 
world. Loss of livelihoods and limitations to adequate hous-
ing are also being observed due to migration and permanent 
displacement. Moreover, rights to social life and security 
are also being harmed. Since, women are major sufferers 
of all these issues, it is concluded that basic human rights 
of women are being violated due to climate change. Hence, 
climate change is not just a physical issue, but is also becom-
ing social and moral issue as well.

2.13  Women, Climate Change and World Economy

Climate change is leading to decline in the world economy. 
It has been estimated that if climate change remains unmiti-
gated, the world economy will suffer the loss of 23% by 
2100 (Burke et al. 2015). Another study suggests that its 
mitigation will cost $44 trillion by 2060 (Channel 2015). 
Cost of mitigation and adaptation efforts will be somewhere 
between $249 billion and $1371 billion annually till 2030 
(Human Development Report 2011). According to World 
Bank report, till 2050, temperature of the earth will be 
2 °C warmer while the cost on the adaptation side would 
be between $75 billion and $100 billion from 2010 to 2050 
(World Bank 2010). Global climate finance was increased 
by 18% in the year 2014 and about $ 391 billion was the cost 
spent on low-carbon and climate-resilient growth (Buch-
ner 2015). Many climate funding agencies are working at 
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present including 50 international public funds, 45 carbon 
markets and 6000 private equity funds are providing climate 
change finance (Flynn 2011).

In such matters of finance, women are never taken into 
consideration. In 2011–2012, $469 million which formed 
only 2% of total bilateral aid was given to women’s eco-
nomic empowerment initiatives. Only 14 out of 193 finance 
ministers globally were women in 2015 and the representa-
tion of women in climate funds governing bodies was just 
22%. The 2012 Climate Development assessment report 
showed that only five out of 3864 projects considered gender 
in their documents. In the year 2015, in national parliaments, 
women held only 21% seats globally while in Latin America 
and Caribbean, the women held 25% seats. In Arab parlia-
ment, they held less than 14% seats. However, it has been 
found that in countries where women lack access to credit, 
number of malnourished children are 85% higher (Global 
Greengrant Funds (GGF) and International Network of 
Women and the Alliance of Funds (INWF) 2015; Aguilar 
and Granat 2015; UNDP 2015). Thus, in only two countries, 
women in parliament match their share in population (UNDP 
2014). The McKinsey Global Institute has estimated the 
impact of closing gender gap on economy in labor markets 
in 95 countries. It has been found that the national GDPs of 
each country would increase by 9% and global GDP would 
increase by $428 trillion or 26% if gender gaps are closed 
(McKinsey Global Institute 2015). As per FAO, the number 
of malnourished people could be decreased by 12–17% if 
women are given access to resources, i.e., both credit and 
land (Food and Agriculture Organization (FAO) 2011).

3  Ecofeminism for Mitigation of Climate 
Change Effects on Women

Ecofeminism is a slowly emerging concept in human society 
that links ecology to feminism and encourages women’s role 
in protecting the environment (Ling 2014). Climate change 
is not ‘gender-insensitive’ issue and women are as important 
in dealing with this issue as men. Thus, women should be 
taken into equal consideration in combating climate change 
and following steps should be undertaken.

• Gender analysis considers daily life roles of men and 
women, overlap and conflict of interests, social structure, 
age, wealth and ethnicity, socio-economic and technolog-
ical factors, access to and usage of resources, distribution 
of labor, time and payments, gender-wise vulnerability 
and hazards, gender budgeting, gender-wise impact, gen-
der equality audit and establishment of gender-sensitive 
benchmarks (Annecke 2010; The Gender and Water 
Development Report 2003b).

• Four effective actions are observed, i.e., mitigation 
(women involvement to control greenhouse concentra-
tion); adaptation (reducing women’s vulnerability to cli-
mate risk) (www.careclimatechange.org/adaptation) by 
adjustments in women’s behavior, providing resources 
and technology (UNFCCC 2007; Change 2007); finan-
cial mechanisms [gender-sensitive policies and invest-
ments for women (Women 2008; Aguilar 2009)] and 
technological developments [providing women an access 
to knowledge, information and technologies relevant to 
their needs (Women 2008; Aguilar 2009)].

• Ownership of land, access to agricultural and other nat-
ural resources and technology to women has increased 
agricultural yield from 2.4 to 4% in some countries (Food 
and Agriculture Organization (FAO) 2011), (UNICEF 
1998) and in Nigeria, Tanzania and Uganda, 2.8, 8.1 and 
10.3%, respectively (Mukasa and Salami 2016). In Paki-
stan, ownership of waste-land by women allowed them 
to make watercourse to bring water from river to the vil-
lage and about 10,400 trees for fuel and 8700 trees for 
fruits were planted and vegetables were sown (Noreen 
1991). Hundreds of hours annually would be devoted to 
economically benefitting activities if women are given 
access to clean water and other resources (Swarup 2011).

• Women are stewards of natural resources and possess 
indigenous knowledge about wildlife and food, medici-
nal plants and domestic animals, reproduction of plants 
and animals, ecosystems, geographic ranges of species, 
disaster management by mobilization of community 
for better risk-assessment and management (Perma-
nent Forum on Indigenous Issues Seventh session 2008; 
http://content.undp.org/go/cms-service/download/
asset/?asset_id=1854911; Carvajal-Escobar 2008; Van 
Meygaarden 2008). Research on women of Ganga river 
basin in Bangladesh, India and Nepal led to learning of 
many new adaptation strategies such as flood or drought 
resistant crops, or varieties of rice that can sustain floods 
by growing above water-level (Mitchell et al. 2007). In 
Mali, women have developed a new crop, the shea nut 
trees that can sustain adverse weather conditions as they 
can be used for fire-wood and nuts can be used for mak-
ing butter, food products and beauty creams (Mitchell 
2007; Perakis 2009; UNIDO 2011).

• Women involvement in energy and water-related matters 
concludes effective management, production and utiliza-
tion than men’s (www.energia.org/pubs/papers/karlsson-
csdbook_lores.pdf). Examples include Tanzania, where 
wells dug were more sustainable (Fisher 2006) and India 
where 62% more drinking water projects were developed 
when women were involved (Bridget Mahoney 2016).

• Women empowerment provides them the environment 
that supports their needs, demands, choices and aspira-
tions (www.careclimatechange.org/adaptation). Women 
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and young girls should be given gender-awareness, 
modern education, modern methods and technology, 
risk-assessment, leadership and management, self-pro-
tection, health. This has resulted in improved crop varie-
ties, livestock management and pest control techniques 
in Uganda, Kenya and Tanzania (Food and Agriculture 
Organization (FAO) 2011). In La Masica, Honduras, 
after hurricane Mitch, no fatalities were observed due 
to quick evacuation and post-disaster reconstruction, 
as a disaster agency provided gender-sensitive training 
regarding disaster management involving both men and 
women (Aguilar 2018).

• In rural areas, public baths should be made nearby their 
houses where women can freely bathe and wash clothes 
at any time of the day. This will improve their health 
and sanitation and provide more time for participation 
in more productive and tangible outcomes.

• Gender friendly laws should be made and strictly imple-
mented specially for compulsory education to girls, 
responsibility of single-mothers and unmarried girls in 
poor areas on government, domestic violence, compensa-
tions to women running cottage factories in disaster situ-
ations. Women and men should be held equally respon-
sible for collection of fuel and water.

• Basically, it is short-comings in human society social 
structure that hampers women empowerment. Our cen-
turies old cultural, religious and social biases put con-
straints on women from participating in educational and 
leadership activities. Thus, before implementation of all 
the above mentioned steps, changes should be brought 
in social structure of society. For this, men also need to 
be educated for recognizing the rights of women. Men 
should be trained to support women rather than demor-
alize them. These men can themselves become gender 
trainers. The concept of ‘gender equality’ should be 
emphasized. Religious personalities or scholars should 
come forward to remove any religious misconceptions 
that limit the freedom of women. An awareness regarding 
importance of women’s involvement should be given to 
everyone especially people living in backward areas to 
break free from ‘cultural shackles’. As Angela Davis has 
put it: ‘We have to talk about liberating minds as well as 
liberating society’.

• Women should be involved in national policies, action 
plans and other measures for sustainable development 
at all levels. Efforts for women empowerment should be 
done at local, national, international levels. Also, donor 
governments and civil society can play an important role. 
At local level, local governments should make sure to 
address women’s issues and try to curb them with the aid 
of national government. It should ensure women’s secu-
rity. At national level, finance for mitigation and com-
bating the environmental issues should be distributed. 

It should have control of all health, educational, legal 
issues of women and should make guidelines for protec-
tion of women against climate change. At international 
levels, projects with NGOs or companies of other coun-
tries should be designed to benefit women and fulfill their 
needs and requirements. Women should also be involved 
in these processes. Donor governments are major con-
tributors to women empowerment through their technical 
and financial support. Gender equality should be ensured 
in all the bilateral environmental and development initia-
tives. Civil society can also play their part by ensuring 
that legal laws are properly implemented and that rights 
of women are being fulfilled.

• At present many international and well-known programs 
are underway to promote women empowerment in the 
field of climate change. These include: United Nations 
Development Programme (UNDP), United States Agency 
for International Development (USAID), United Nations 
Charter and the Universal Declaration of Human Rights, 
UN Women Watch, Food and Agricultural Organization 
(FAO), Women’s Environment and Development Organi-
zation (WEDO), Millennium Development Goals 2000, 
World Health Organization (WHO), Beijing Platform of 
Action (1995), Financing for Gender Equality and the 
Empowerment of Women at 52nd session of the Com-
mission on the Status of Women, Swedish International 
Development Agency (SIDA), CARE, IPCC (Intergov-
ernmental Panel on Climate Change), United Nations 
Framework Convention on Climate Change (UNFCCC), 
The International Union for Conservation of Nature 
(IUCN), Aurat Foundation in Pakistan.

4  Conclusions

Women are most vulnerable to climate change based on their 
dependence on natural resources, daily life roles, and socio-
economic status. Two-third of the global female labor force 
is employed in agriculture producing almost 45–80% of the 
food of developing countries and spending up to 5 h a day 
in collecting fuel and water at the expense of education and 
health. In natural disasters, women death rate is observed 
14 times greater than men with harm to up to 70% during 
floods and rains and hurricanes resulting in high percentage 
of post-trauma disorders as a result of wars, disasters and 
migration. Despite of women deep involvement in energy 
and the environmental activities, world has not yet fully 
recognized the extent of the difficulty faced by women due 
to climate change and women are still left out in its mitiga-
tion. Women representation is almost negligible in finance 
ministries (7%) and funded projects (0.1%) globally; 2% 
of total bilateral aid for women’s economic empowerment 
initiatives; ownership of 10–20% of the land and 5% of 
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agricultural extension services worldwide. Due to climate 
change, women are major sufferers of health issues includ-
ing lesions on skin, eye infections, and respiratory diseases, 
loss of feeling and swollen limbs, arthritis, spinal deformi-
ties, infertility, stillbirths, maternal deaths and water-borne 
diseases. 80% of the HIV infected people in Sub-Saharan 
Africa are women and women also form 70% of the world’s 
total trachoma-blinded people. Climate change is posing 
serious social issues such as delay in marriages, forced mar-
riages, lack of security and privacy and sexual violence. It 
is also reported that local GDP of each country and global 
GDPs would increase by 9 and 26%, respectively, if gen-
der gaps are closed. As per FAO, the number of malnour-
ished people could be decreased by 12–17% if women are 
given access to resources, i.e., both credit and land. Pro-
jects become six to seven times more effective if women are 
involved in planning and finance mechanisms To combat 
climate change alongside men, it is concluded that there is a 
pressing need to include women in climate change combat-
ing policies at local, national and international level such as 
analyzing women’s vulnerability to climate change, involv-
ing women to reduce greenhouse gas emissions, increas-
ing their adaptive capacity, involving women in all finance 
policies regarding climate change, giving women an access 
to modern technology and education and ensuring their par-
ticipation in all decision-making processes as there can be 
no economic development and social well-being without 
women.
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Abstract
In Pakistan, farmers are facing climatic and non-climatic challenges in retaining their output and profit. Their dependence 
on credit is increasing with passage of time. Previously, the factors behind availing credit policy are discussed in different 
studies, but there is no study found that empirically compares vulnerability of formal and informal farmers on the basis of 
credit facility in flood prone zone. For estimation and analysis, quantitative and qualitative measures are used. The quantitative 
measures are based on estimating vulnerability indices. The data were collected through survey of 146 households through 
multistage-stratified random sampling technique. The qualitative data focus group discussion which helps in sampling and 
investigate factors behind vulnerability of farmers. Results suggest that formal credit borrowers are more vulnerable than 
informal credit borrowers in terms of higher exposure and sensitivity and lower adaptive capacity. Formal credit borrow-
ing farmers are affected by inefficiencies namely, late declaration of calamity, defective loss assessment, slow procedure of 
claim disbursement, meager amount of claims, political influence in listing of disaster affected village, and delayed credit 
payment operations. The higher vulnerability of formal credit borrowers raises need for overall improvement of credit policy 
of Crop Loan Insurance Scheme.

Keywords Vulnerability · Floods · Formal and informal credit policy

1 Introduction

The agriculture sector of almost all developing countries 
has remained significantly affected by increasing uncertainty 
of crop from sowing to harvest. The major causes of this 
uncertainty are natural extreme events, epidemics, shortage 
of irrigated water, unavailability of pesticides, lack of access 
to credit, lack of information about farming practices due to 
the absence of research institutes in their communities and 
lack of access to basic facilities like health, and educational 
facilities (Rahman et al. 2012; Raju and Chand 2008; Ali 

2013; Chen 2011). Because a large segment of population in 
developing countries is dependent upon income generated by 
agriculture farming (Choudhury et al. 2015), poverty rates 
are triggering by these uncertainties.

The agriculture sector is the backbone of Pakistan’s econ-
omy; it remained the major source of income for 80% of 
small landholders (Ali 2013). Contribution of agriculture 
comes from crops (31% major and 11% from minor crops) 
and livestock (Syed Ali Raza et al. 2012).

In case of Pakistan, climate change has become a threat, 
especially for agriculture sector (Abid et al. 2015), because 
performance of this sector is dependent on suitable weather 
conditions. These climate conditions are responsible for 
affecting production and prices of agriculture which influ-
ences economic growth (GoP 2017). The farming commu-
nity faces climate-related risks, namely, extreme minimum 
and maximum temperature, diseases in animal diseases, pest 
attack, and changing crop time periods, and water shortages. 
These outcomes of climate change have resulted to lower 
crop and livestock output (Abid et al. 2015).

Since the 1950s, Pakistan has faced 24 flood disasters 
resulting in severe losses of US $ 18 billion (GoP-INDC 
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2016). The trends of climate change and increased fre-
quency of climate-induced extremes events (like, floods and 
droughts) have increased agriculture losses, i.e., 10.63 mil-
lion acres of crops destroyed including 38.12 million people 
affected, 3.45 million houses damaged, food security, rising 
sea level, and erosion of coastal zones (GoP 2016). These 
disasters were treated by allocating 5.8 and 7.6% of total 
expenditure in the federal budget in 2015 (GoP-INDC 2016). 
The Government of Pakistan (GoP) has actively involved 
institutional reforms by launching Federal Flood Commis-
sion (FFC) in January 1977 (GoP 2018) and National Disas-
ter Management Authority (NDMA), and National Disaster 
Management Commission (NDMC) in 2010 (Zeeshan and 
Khan 2015) (Table 1).

Along with institutional reforms, Mandatory Crop Loan 
Insurance Scheme (CLIS) was launched in 2008 by Ministry 
of Finance, GoP. The main objective of this policy was to 
smooth out the income of farmer by provision of financial 
support against natural disasters (SBP 2014a, b). Govern-
ment of Pakistan is working on the formulation of National 
Agriculture Insurance Scheme (NAIS) to support farming 
community to increase their resilience against extreme 
events (like floods) through climate change adaptation strat-
egies mainly crop insurance without loan criterion (Gop 
2017). Because, climate change shock affects ecological 
conditions in rural areas, especially agriculture productiv-
ity shifts. It leads to harming income of poor and marginal 
farmers (Saeed et al. 2015).

The major adaptations performed by farming commu-
nity are altering crop types, varieties, and planting dates. 
However, these adaptations are facing constraints like lack 
of financial resources, constrained access to provision of 
institutional services like, credits, farm inputs, machinery, 
marketing services, weather forecasting, and information 
(Abid et al. 2015). Particularly, the subsistence and small 
farmers’ are facing severe limitations to afford basic inputs 
of cropping, namely, high quality seeds, sufficient fertilizer, 
and farm implements. These farmers have lower income, 
lower savings, and lower capital formations (Saboor et al. 
2009). The farmers need financial support for dealing with 
their social needs, purchasing farm inputs, and enhancing 
crop productivity. Credit plays a pivotal role in agriculture, 
as it not only supports small farmers but also medium and 
large farmers for improving farm output. The access to credit 
is becoming challenging for farmers because of its limited 
availability of formal credit to farmers (Saqib et al. 2018).

In fact, these farmers need credit for two reasons: produc-
tion and development. The credit for production purpose is 
used for purchasing inputs namely, seeds, fertilizers, pesti-
cides, water (‘Abiyano’), and fuel charges. The microfinance 
programs increase welfare of participating households, espe-
cially credit policies are generally designed and supported by 

governments to help out farmers. However, issues of limited 
access to credit and program design, sometimes, do not lead 
to positive impacts. The major reasons for limited access to 
credit are collateral issues, and high markups which become 
barrier for availing formal credit in Pakistan (Akram et al. 
2008). It is one of the barriers for having formal lending.

In the light of above literature review, significance of 
credit policy cannot be denied. It has already been estab-
lished that formal credit policy is more restrained by institu-
tional standard of procedures (sops) as compared to informal 
credit sources. However, this study fills gap left out by the 
previous studies. This study not only compares vulnerability 
assessment of formal and informal borrower in context of 
flood prone zone but also investigates factors behind inef-
fectiveness of national credit policy, i.e., Crop Loan Insur-
ance Scheme (CLIS). These factors help to finalize aims of 
this study,

The aim of study is to assess the vulnerability of formal 
and informal borrowers in flood prone zones of Pakistan. A 
comparison is made between farmers who availed Crop Loan 
Insurance Scheme (CLIS)—both from formal and informal 
sectors. This comparison helps us to estimate vulnerability 
of farmers living in the same hotspot area.

1.1  Objectives

1. To conduct vulnerability assessment of formal and infor-
mal farmers residing in flood prone zones of Punjab, 
Pakistan

2. To determine factors behind vulnerability of formal and 
informal farmers residing in flood prone zones of Pun-
jab, Pakistan

2  Data and Methodology

2.1  Vulnerability Index

The expected utility theory describes about theoretical 
framework of study. This theory was given by John Von 
Neumann and Oscar Morgenstern in year 1944 that discus 
about the development of expected utility model. This theory 
based on decision making to deal with risky situation, like, 
prizes and lotteries, etc. (Levin 2006). The farming com-
munity, like other individuals, makes decisions to minimize 
risk and deal with challenges related to production, market-
ing, etc. These decisions help to understand their inclination 
towards adaptation policies (Nantui et al. 2012, Barry 1984). 
The challenge of climate change influences farmers’ decision 
for adaptations. However, these adaptations are subject to 
socioeconomic factors, farm characteristics, and changes in 
climate factors (Deressa et al. 2008). To measure adaptive 
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capacities of communities facing climate risk, vulnerability 
assessment tool is considered to be an effective tool (Hahn 
et  al. 2009). This tool comprises of three components, 
namely, exposure, sensitivity, and adaptive capacity (Ibid).

The concept of vulnerability assessment is a new and 
assessment practice evolved to measure impact of climate 
change. It has been used for issues such as livelihoods, food 
security, natural hazards, global environment change, cli-
mate change, and others (Füssel and Klein 2006). The most 
widely quoted definition of vulnerability is given by IPCC 
assessment report, as, “it is an integrated measure of the 
expected magnitude of adverse effects to a system caused 
by a given level of certain external stressors” (McCarthy 
et al. 2001).

The alternate studies used different frameworks for esti-
mating Vulnerability Index of communities. The study of 
Antwi et al. (2015) estimates community vulnerability of 
four districts of Ghana. The Vulnerability Index was com-
prised of four subcomponents like engineering, socio-eco-
nomic, ecological, and political, and these subcomponents 
were further comprised of other indicators. Another study 
of Adeyemi (2014) also estimates vulnerability of farmers 
to flood disaster in Oyo State, Nigeria. The Vulnerability 
Index was based on MOVE framework which estimates the 
subcomponents of socio-economic characteristics, capaci-
ties, flood exposure, and susceptibility.

There is another type of framework developed for estimat-
ing impact of vulnerability on livelihoods of people or com-
munities. It is known as sustainable livelihood framework 
which comprises of assets of household, namely, natural, 
social, financial, physical, and human capital (Chambers and 
Conway 1992). The combination of exposure, sensitivity and 
adaptation strategies by household becomes an effective tool 
for measuring risk due to climate change (Hahn et al. 2009).

The study of Hinkel (2011) elaborates that vulnerability 
assessment has become common tool for academic research-
ers, policy makers, and organizations. The common pur-
poses of vulnerability assessment are six problems, namely, 
identification of mitigating targets, second, identification 
of vulnerable people, community, or regions, third, raising 
awareness, fourth, allocation of adaptation funds, fifth, mon-
itoring of adaptation policy, and sixth, conducting scientific 
research. Among all aforementioned problems, only identi-
fication of vulnerable people, communities, and regions is 
most considerable. Therefore, policy makers should rightly 
introduce variables in vulnerability assessment. However, 
as described in the study of Hahn et al. (2009), it has been 
used in the variety of circumstance, for example, analyzing 
the early warning system, mapping for targeting food aid, 
and other issues of poverty, health status, biodiversity, and 
globalization.

2.2  Construction of Livelihood Vulnerability Index

The vulnerability indices were based on the review of 
numerous research studies and expert opinions during con-
structing it. Some of important studies used are namely, 
Hahn et al. (2009), Panthi et al. (2016) and Salik et al. 
(2015). The definition for vulnerability is based on IPCC’s 
definition which defines it as comprised of exposure, sensi-
tivity, and adaptive capacity.

These subcomponents of exposure, sensitivity and adap-
tive capacity are defined by variable that are supported from 
the literature review. The variable selection under these sub-
components with their literature support is given below in 
Table 2.

To formulate index, we need to convert variables from 
different scales to single scale. This process is known as 
normalization of variables for using in the index. The basic 
step for normalization is the min–max normalization tech-
nique (Poverty and Human Development Initiative 2011):

Each subcomponent of index is normalized through above 
formula given in Eq. (1). Here, Sdi is defined as the original 
value of a variable for each respondent, and Smin and Smax 
reflect the minimum and maximum values of overall vari-
able, respectively. Second step for the calculation of index 
is method of aggregation to find out the values of expo-
sure, sensitivity, and adaptive capacities using the following 
equation:

Each subcomponent of Vulnerability Index is aggregated 
through above formula given in Eq. (2). Where,  CFd is the 
contributor factor like; exposure, sensitivity, and adaptive 
capacity. Where, wpi is the weightage of one of the major 
contributing factor and Pdi is the major component for dis-
trict d indexed by ‘i’ (Panthi et al. 2016). In the above for-
mula, ‘n’ reflects the number of major components in each 
of the contributing factors. Similar aggregation occurs for 
Livelihood Vulnerability Index which comprises of socio-
demographics, credit, climate variability, food, water, liveli-
hood strategies, health, social networking, and natural dis-
asters components. After obtaining the values of exposure, 
sensitivity, and adaptive capacities using the above equa-
tion, we applied the following IPCC formula to obtain the 
results of IPCC-Livelihood Vulnerability Index (IPCC-LVI). 
IPCC-LVI ranges from − 1 (least vulnerable) to 1 (most 
vulnerable):

(1)Indexsd =
SdiSmin

Smax − Smin

.

(2)CFd =

∑n

i=1
wpiPdi

∑n

i=1
wpi

.

IPCC-LVI = (Exposure-adaptive capacity) × Sensitivity.
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2.3  Data Collection

2.3.1  Survey Area

Over a past decade, district Sargodha has faced riverine 
flooding through Jhelum and Chenab Rivers; particularly for 
years 2010, 2011, and 2014 as per annual flood commission 
report (Siyal 2018). This study has considered most recent 
floods year of 2014 for Sargodha.

This study comprises of primary data analysis which is 
based on the field survey of flood affected villages of Sar-
godha district. The field survey was based on multistratified 
random sampling technique. In the first stage, ‘Sargodha’ 
district was selected based on availability of data. In the sec-
ond stage, out of seven tehsils (Behra, Bhalwal, KotMomin 
Sargodha, Shahpur, Silanwali, and Sahiwal), three (Behra, 
Sargodha, and Sahiwal) were randomly selected. Out of each 
three tehsils, one village was randomly selected, namely, 
Aqil Shah Village, and Lakhiwaal Village, and Sheikh-
purkona. In the third stage, listing of formal and informal 
farmers was done through focus group discussions. Out of 
listing, we randomly selected 146 farmers, in total. This 
survey took almost 3 months, from January to March 2017 
(Fig. 1).

2.3.2  Cropping Profile in Sargodha District

The season of Rabi crop ranges from October to Decem-
ber months and harvested in months of March–April. The 
majority of farming community grows ‘Wheat’ as their 
major Rabi crop. Other common crops are oranges, veg-
etables, and fodder. The farmers have started a new trend 
of cropping of ‘Rose’ plants during Rabi season.

During floods, kharif crops faced severe damages dur-
ing their harvesting. The season of Kharif season starts 
from April–May and harvested in August–September. The 
majority of farming community cropped ‘sugarcane’ as 
their major crop in kharif season, and other crops sown 
are cotton, fodder, and rice. The watermelon is a new crop 
trend introduced recently which is sown by a few farmers.

The Kharif crops get severely damaged by floods when 
it is about to harvest. Sometimes, flooding along with 
monsoon rainfall, like flood of year 2010, affects Rabi 
crops also during their sowing season.

Out of total sample of 146 farmers, the category which 
availed Crop Loan Insurance Scheme (CLIS) is ‘80’ which 
is termed as ‘formal loanee‘. The loanee farmers borrowed 
loan against major crops (Wheat, Cotton, Sugarcane, and 
Rice). We considered loan borrowers who took loan with 
in past 5 years. The crop loan is taken for major crops 
(wheat, rice, sugarcane, and cotton) by farmers in district 
Sargodha. Similarly, the term ‘Informal loan borrowers’ 
are farmers who are not availing Crop Loan Insurance 

Scheme are 66 in number. The farmers of both categories 
have different land size. Both farming categories include 
rich and poor farmers. The rationale behind it was to gen-
eralize reasons behind vulnerability between formal and 
informal borrowers. The time period of survey is 1 month, 
i.e., during March 2017. During survey, farmers were busy 
in cultivating kharif crop.

A multistage stratified random sampling has been used 
to draw the sample size. Stratification is most suitable 
technique, especially when heterogeneity and sample 
biases prevail in the data. This is the best suited sam-
pling technique. Similarly, studies of Saqib et al. (2018) 
used multistage-stratified random sampling technique for 
increasing effectiveness of targeted population. At the first 
stage, the survey team selected flood affected three tehsils 
and villages of Sargodha district. In the next stage, formal 
borrowers and informal borrowers were selected through 
focus group discussion to identify targeted farming com-
munity. Then, those farmers were randomly selected to 
conduct survey.

Along with primary survey of farmers, three focus group 
discussions with farmers were conducted in aforementioned 
villages. These focus group discussion had more than eight 
farmers which were inquired about overall credit policy and 
vulnerabilities faced by floods.

3  Results

The scale for Livelihood Vulnerability Index is comprised of 
0–1 values. Here, ‘0’ shows least vulnerability and ‘1’ shows 
highest vulnerability (Fig. 2).

The chart of VI tells us about Vulnerability of farmers 
who have taken loan “Loanee” and who have not taken loan 
from formal source, i.e., “Non-Loanee or Informal loan bor-
rower”. The Vulnerability Index is comprised of three com-
ponents, namely, exposure, sensitivity, and adaptive capac-
ity. The results show that exposure and sensitivity of loanee 
is higher than non-loanee, but adaptive capacities of loanee 
are lower than non-loanee (Table 3).

The empirical results of Vulnerability Index are based 
on the formula of (E + S (1 − A)) in which ‘E’ shows expo-
sure, ‘S’ shows sensitivity, and ‘A’ shows adaptive capacity. 
The overall result of Composite Vulnerability Index (CVI) 
shows that non-loanee farmers are less vulnerable than loa-
nee farmers.

On the basis of Comer et al. (2012) and Hammill et al. 
(2013), we can see that component of exposure of loanee 
and non-loanee farmers is low as its values laid between 
0.0 ≤ CVI ≥ 0.3. Similarly, component of sensitivity of 
loanee and non-loanee farmer is showing medium level of 
sensitivity. Finally, adaptive capacity component of loanee 
shows medium level of adaptive capacity but for non-loanee 
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Table 2  Construction of 
Livelihood Vulnerability Index 
Source: Authors’ calculation

Components Formal borrowers Informal borrowers

Socio-demographic profile 0.45225 0.4855
Livelihood Strategies 0.468 0.532
Social network 0.7208 0.2782
Health issues 0.36 0.3566
Food 0.539 0.461
Water 0.641 0.661
Natural disaster 0.296 0.251
Credit 0.462 0.537
Climate change 0.2978 0.2978
Sum 4.23685 3.5623
Livelihood Vulnerability Index (LVI) 0.47076 0.39581

has high adaptive capacity. The overall values of Composite 
Vulnerability Index (CVI) show the medium level of vulner-
ability for farming categories, loanee and non-loanee.

3.1  Inter‑Governmental Panel on Climate Change 
(IPCC) Vulnerability Index

The IPCC Vulnerability Index is calculated through formula 
of (exposure-adaptive capacity) × sensitivity. The result of 
IPCC Vulnerability Index is given below (Table 3).

The scale for IPCC Vulnerability Index is given in the 
paper of Hahn et al. (2009). The scale ranges from − 1 (least 

vulnerable) to 1 (most vulnerable). The results in the above 
table show that loanee farmers are more vulnerable than 
non-loanee against floods even after availing CLIS. This 
result was supported by the previous Composite Vulner-
ability Index (CVI).

3.2  Livelihood Vulnerability Index (LVI)

The Livelihood Vulnerability Index (LVI) is based on socio-
demographic profile, livelihood strategies, social network, 
health issues, food, water, natural disasters, and credit and 

Fig. 1  Data site map Source: Map constructed by authors
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climate change (Fig. 3). The values of each component are 
given in Table 4.

Formal borrowers are having higher livelihood vulner-
ability than informal borrowers. The index of Composite 
Vulnerability Index (CVI) shows that informal loan bor-
rowing farmers are less vulnerable on basis of Livelihood 
Vulnerability Index. On the basis of assets categories, formal 
loan borrowing farmers are weaker on the basis of Socio-
demographic profile, livelihood strategies, water resources, 
and credit facilities. Particularly, adaptive capacity of com-
ponent of Composite Vulnerability Index (CVI) highlights 
reasons of lower adaptive capacities of formal borrowers. 
The subcomponents are namely, years of experience in agri-
culture, access to phone/TV/Internet, crop and livestock 
diversity, social activeness, willingness for crop insurance, 
and government support.

The reasons for higher vulnerability of loanee farmers 
can be understood from focus group discussions (FGDs), as 
given in the following table.

Claim receiving duration: formal credit borrowers (farm-
ers) described delayed payment of insurance claims; almost 
6 months to 1 year. Due to delayed payments, farmers faced 
issues in financing of next crop. Farmers used personal sav-
ings, took another loan, or sold household assets which exac-
erbate financial stress on them.

Ineffective loss assessment: formal credit borrowers 
(farmers) described that amount of claims was not sufficient 
as compared to losses which they faced. Mostly, insurance 
companies do not conduct individual loss assessment of 
farm. Farmers suggested that government should ask insur-
ance companies to provide us either 50% of loss recovery or 
50% of input cost recovery through reimbursement.

Crop loss: formal credit borrowers (farmers) described 
that crop loss was higher than claim amount. Formal credit 
borrowers (farmers) described that chances of loss for wheat, 
cotton, and vegetable crop were 100%. However, for rice, 
it was 70% chances of loss, and for sugarcane, it was 50%. 
Apart from major crops, neither vegetables nor oranges were 
insured against disasters under CLIS.

Political influence: farmers from both categories; formal 
and informal loanee considered political influence was also 
a major factor in declaration of disaster affected villages. 
Source: focus group discussions (FGDs) and key informant 
interviews.

4  Conclusion and Policy Recommendations

The significance of credit cannot be denied under rising 
challenges to farming community in Pakistan (Abid et al. 
2015, Saboor et al. 2009; Saqib et al. 2018). This study 
conducted the vulnerability assessment of formal and infor-
mal credit borrowing farmers in the flood prone zones of 

Pakistan. The data site of this study is three flood prone 
tehsils of Sargodha district, namely, Behra, Sahiwal, and 
Shahpur. This study conducted followed multistratified sam-
pling technique focus group discussion in aforementioned 
study area to identify targeted farming community. After 
that, this paper, the results of vulnerability indices show 
that Formal Credit borrowers (farmers) are more vulner-
able as compared to informal credit borrowing farmers. 
The reasons for their higher vulnerability are delayed credit 
approval duration, late declaration of calamity, ineffective 
loss assessment, slow procedure of claim disbursement, 
meager amount of claims, and political influence in listing 
of disaster affected village. The study shows that the farm-
ing community is, in general, well informed of the relevant 
climatic changes that affect their business prospects. They 
confirmed that they had observed climatic changes and dis-
asters in last 10 years. These climatic changes include irreg-
ular rainfall, decrease in rainfall, increase in temperature, 
changes in number of hot and cold days, frequent climate 
extremes, and more humidity. The farming community also 
noted increase in climate-induced disasters namely, floods, 
hailstorms, and pest attack. The major outcomes of climatic 
changes are decrease in crop productivity or quality, increase 
in chilling temperature, increase in pest attack, increase in 
day light for crops, and decrease in water for cropping. In 
addition, outcomes of floods are crop destruction, prevalence 
of water borne diseases, increase in salinity, damage of road/
infrastructure, shortage of food items, death of livestock, 
spread of contaminated water, spread of disease in livestock, 
physical damage of settlement, and decline in crop yield.

4.1  Recommendations

On the basis of research findings and discussions, it is clear 
that there is need for improvement in this policy which will 
not only reduce vulnerability and improve resilience of farm-
ers against climate-induced disasters (especially, floods) but 
also effectively allocate subsidized incentive to right farmer. 
Therefore, this study recommends that:

Fig. 2  Composite Vulnerability Index Source: Author’s findings
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• Government should expedite procedure of Crop Loan 
Insurance Scheme (CLIS) which will help in conducting 
loss assessment timely and effectively.

• Government should also consider declaration of other 
natural calamities like excessive rain, hailstorm, and 
pests attack under CLIS along with floods.

• Introducing crop insurance policy without criteria of loan 
at least in hotspot areas to willing farmers.

• Increasing the amount of claims by covering either 50% 
of input cost of cropping or 50% of loss faced by farmers.

• Initiation of weather or yield-based index rather than 
indemnity-based crop loan insurance. It will speed up 
the process of effective and individual losses assessment 
to provide claims before cropping of next season.
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Abstract
Climate change is a common concern globally and the Kabul River Basin, a transboundary basin between Pakistan and 
Afghanistan, is no exception. Rising temperatures cause snow and glaciers to melt rapidly, which increases the variability 
of river flows that may affect the water resource management between the two countries. For this purpose, it is necessary 
to study snow and glaciers, the main source of river flow. The goal of this research is to assess and analyze the basin-scale 
and elevation-zonal variation in the areal extent of snow and glacier cover for the years 2001–2016, on daily, monthly, sea-
sonal and yearly basis. The basin was distributed into eight elevation zones; and snow cover for the whole basin and each 
elevation zone was then extracted by utilizing the Moderate Resolution Imaging Spectroradiometer (MODIS), Onboard 
TERRA Satellite, 8-daily, 500 m resolution images. As per average climatology of the basin, snow cover is minimum in 
August because of higher summer temperatures and maximum in February owing to lower winter temperatures and higher 
westerly precipitation in solid form. Based on the basin-scale analysis of changes in the daily snow-covered areal extents, 
it is found that snow cover significantly increases in the three lowest elevation zones, whereas in the mid elevation zones 
(Zone 4 and 5) and the highest elevation zone (Zone 8) a negligible decreasing trend is found. Moreover, non-significant but 
decreasing trend in Zone 8 may hint either at decrease in solid precipitation in the high elevation region or a slight retreat of 
the glaciers which may become significant in the coming years. In addition, there is a significant decreasing trend of snow 
covered area in Zones 6 and 7 which gives a similar indication. Our seasonal and annual analysis indicates that there is an 
overall slight increasing trend in the basin for all analyzed seasons and also on annual basis. The results concluded that a 
detailed hydro-climate modeling analysis should be carried out for this basin to find the changes in water availability under 
the future climate scenarios.

Keywords Snow cover · Climate change · Transboundary river basin · Remote sensing

1 Introduction

Outside the polar region, the Hindu-Kush Karakoram 
Himalayan (HKH) range, also known as the ‘Third Pole’, 
comprises some of the highest mountain peaks and largest 

amount of ice reserves (Hewitt et al. 1989). These large 
reserves supply water to about 1.3 billion people, from 
ten leading river basins in Asia (Yao et al. 2012). Climate 
changes, specifically rising temperatures, play a prominent 
role in fast glacier melting, more intense and more fre-
quent extreme weather events and shifts in monsoon cur-
rents (Shrestha et al. 2015). Wijngaard et al. (2017) showed 
increasing trend in the magnitude of climate means and 
extremes at the end of twenty-first century. Consequently, 
water availability for agriculture, municipal needs, and 
industry and hydropower generation is largely impacted. 
Lutz et al. (2016) concluded in their study that water availa-
bility of the Upper Indus Basin (UIB) is extremely uncertain 
in Pakistan for future because of dispersed precipitation pro-
jections. Hence, the cryosphere changes are very important 
to understand to determine and avoid the implications for the 
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region’s water resources. Numerous researches have been 
carried out in the HKH region of Pakistan to assess how the 
snow and glacier cover vary and its contribution to runoff 
(Immerzeel and Bierkens 2012; Immerzeel et al. 2015; Has-
son et al. 2014; Immerzeel et al. 2009; Mukhopadhyay and 
Khan 2015; Archer and Fowler 2004; Shrestha et al. 2015; 
Tahir et al. 2011; Bolch et al. 2017; Brun et al. 2017; Lin 
et al. 2017; Zhou et al. 2017; Cogley 2011; Pellicciotti et al. 
2012). Hewitt et al. (1989) and Archer and Fowler (2004) 
noted that 80–90% of the Indus River flow above Tarbela 
Dam is generated from seasonal and permanent snowfields 
and glaciers.

In the Gilgit River Basin (12,656 km2 area), a sub basin 
in the western UIB, the trend in snow covered area and the 
recent changes were calculated on monthly basis (Tahir 
et al. 2016) and concluded to be stable and showed a small 
increasing trend of snow cover in UIB. Snow cover is an 
essential part of the cryosphere, and assessment of its spatio-
temporal variations is indispensable for knowing its effect on 
water resources and impact on climate change in the Indus 
River flow system (Chu 2018). By utilizing the MODIS 
MOD10A1 C6 daily snow product, Malmrosa et al. (2018) 
examined spatio-temporal trends in snow cover extent, 
snow cover duration, and snow albedo for the period from 
2000 to 2016 for Chilean and Argentinean Andes. MODIS 
8-day snow product between 2000 and 2016 has also been 
used by Shafiq et al. (2018) to carry out a research study 
for assessment of snow cover area between 2000 and 2016 
and ascertained that climate has a prominent role in control-
ling the snow-covered area. Tahir et al. (2011) with MODIS 
MOD10A2 database of snow products analyzed the changes 
in snow covers in Hunza River Basin (one of the highest 
snow and glacier covered sub-basin in Indus River), from 
March 2000 to December 2009. A slight expansion of cryo-
sphere in the area was shown by the investigation of inacces-
sible cryosphere data in comparison to many world regions 
where snow and glaciers are receding speedily.

Climate change is occurring in the transboundary Kabul 
River Basin like everywhere on the globe. This basin is a 
part of the HKH mountainous region, shared by Pakistan and 
Afghanistan, having a catchment area of about 91,297 km2. 
Rising temperatures may cause rapid snow and glacier melt 
in the basin, due to that, variability of river flows is likely to 
increase, affecting the water resources management between 
the two countries. Owing to law and order situation for more 
than two decades in Afghanistan, there is not sufficient infor-
mation on the Kabul basin river (Lashkaripour and Hussaini 
2007). In addition, there is no water/benefit sharing related 
treaty between Pakistan and Afghanistan. Hence, to make an 
efficient water resource management strategy between the 
two countries, a proper agreement/understanding of water 
resources development on both sides is necessary to avoid 
any negative impacts of climate change on water availability 

in the basin and resulting conflicts between the two nations. 
For this purpose, it is necessary to know the changes in 
river flows and sources of these flows such as snow and 
glacier which are dominant contributors in the Kabul River. 
The main goal of this research is to assess and analyze the 
basin-scale and elevation-zonal variation in the areal extent 
of snow and glacier cover for the years 2001–2016, on daily, 
monthly, seasonal and yearly basis to determine whether 
there is a significant areal change in this basin during the 
early part of the twenty-first century.

1.1  Study Area

The Kabul River Basin is located at 65–75° east and 
32.5–37.5° north, has an area of 91,297 km2 and is shared 
between Pakistan and Afghanistan. The two countries are 
both upper and lower riparian simultaneously. The melting 
snow and glaciers from the northern mountains is the main 
source of discharge. The total length of the Kabul River is 
700 km, of which 560 km is in Afghanistan. Due to its ver-
satile and transboundary nature, it is one of the important 
rivers in Afghanistan, although not the biggest one (http://
www.encyc loped ia.jrank .org/Jan_KHA/KABUL ).

The basin’s climate is dry and strongly continental. Most 
of climate data in Afghanistan is available from 1957 to 
1977. Later, owing to war; law and order situation, many 
stations were destroyed and data could not be collected. 
According to Tunnemeier and Houben (2005), the aver-
age annual precipitation is 330 mm based on the available 
recorded data, while the annual average temperature ranges 
from 10 to 13 °C. In the northern mountainous areas, the 
maximum precipitation is more than 1600 mm, most of 
which is in solid (snow) form that melts during the spring 
and summer seasons enhancing the river flow of the basin. 
This study recorded a maximum elevation of 7701 m above 
mean sea level (amsl) in the northeastern basin, and a mini-
mum of about 266 m amsl near the outlet of the Kabul River 
at Nowshera as shown in Fig. 1. A Digital Elevation Model 
(DEM) for the basin using Shuttle Radar Topography Mis-
sion (SRTM), with a spatial resolution of 30 m, has been 
prepared for the analysis of this study as shown in Fig. 1.

2  Methodology

2.1  Data Sources and Analysis

2.1.1  Topography

SRTM DEM was utilized to delineate the watershed 
boundary and is obtained from the website; http://www.
srtm.csi.cgiar .org/. DEM tiles were mozaiked, and then 
processed further using GIS (Geographic Information 

http://www.encyclopedia.jrank.org/Jan_KHA/KABUL
http://www.encyclopedia.jrank.org/Jan_KHA/KABUL
http://www.srtm.csi.cgiar.org/
http://www.srtm.csi.cgiar.org/
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System) techniques to demarcate the required basin. Eight 
elevation zones were defined for detailed analysis of cryo-
sphere changes. Table 1 explains the different zones’ char-
acteristics. Hypsometric elevation of each zone was plot-
ted between hypsometric mean elevations (hypsometric 
mean elevations mean an equivalent area above and below 
the elevation of the zone) and cumulative areas of zones 
as shown in Fig. 2.

2.1.2  Snow Cover

Snow cover analysis was performed by utilizing data of 
the Moderate Resolution Imaging Spectroradiometer 
(MODIS), Onboard TERRA Satellite, 8-daily, 500 m res-
olution images using the software package ArcGIS 10.0. 
The snow cover has been masked out for the whole Kabul 
River Basin. The data set from http://nsidc .org/cgi-bin/
snowi /searc h.pl was downloaded. It contains MOD10A2 
(V005 processed images from January 2001 to December 
2016. The WGS 1984 UTM ZONE 43N projection sys-
tem was used to mosaic and process the MODIS images. 
To investigate cryosphere area changes, the Kabul River 
Basin was then extracted from the mosaic scenes. Some 
assumptions were used in the calculation of snow covered 
area: (i) Cloud cover over snow-covered area is taken as 
snow-covered area, (ii) cloud cover over land surface is 
ignored, and (iii) lake ice area is always added in the snow 
covered area. If cloud cover becomes greater than 20% on 
a particular day, the record of that day was not counted 
and the mean snow cover on that specific day was calcu-
lated by linear interpolation between the previous and the 
next cloud-free images. The cryosphere changes were also 
assessed for different elevation zones and the trend in the 
snow covered area has been calculated on daily, monthly, 
seasonal and annual basis.

Fig. 1  Digital elevation model (DEM) of Kabul River Basin. Sources for shape file and background imagery: (i) https ://www.usgs.gov/produ cts/
data-and-tools /data-and-tools -topic s, (ii) Online library of Arcmap)

Table 1  Mean elevations and areas of different bands/zones of Kabul 
River Basin

Bands Elevation zones 
(m)

Mean 
elevation 
(m)

Area  (km2) Percent zone area

1 266–1000 700 12,017 13.2
2 1001–1667 1350 12,278 13.4
3 1668–2335 2000 15,268 16.7
4 2336–3002 2500 16,246 17.8
5 3003–3669 3350 15,347 16.8
6 3670–4337 4000 10,665 11.7
7 4338–5003 4700 7260 8.0
8 5004–7701 5500 2212 2.4
Total 91,297 100.0

http://nsidc.org/cgi-bin/snowi/search.pl
http://nsidc.org/cgi-bin/snowi/search.pl
https://www.usgs.gov/products/data-and-tools/data-and-tools-topics
https://www.usgs.gov/products/data-and-tools/data-and-tools-topics
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2.1.3  Description of Moderate Resolution Imaging 
Spectroradiometer (MODIS)

The launch of the Terra satellite was carried out on 18th 
December, 1999 with its five instruments which included 
MODIS. Snow cover product is one of the MODIS derived 
products from many geophysical products. The National 
Snow and Ice Data Center (NSIDC) Distributed Active 
Archive Center (DAAC) has been providing snow data 
products to the MODIS. Potential improvement to cur-
rently obtainable functional products is represented by 
MODIS snow cover products, due to the products being 
global and of 500 m resolution. Owing to the automated 
algorithms of MODIS snow cover mapping, the gener-
ated data set is suitable for long-term climate-related 
research involving data of snow cover. The product comes 
stocked with Large Quality Assurance (QA). In terms of 
the spatial characteristics of the MODIS snow cover map, 
it has a 500 m resolution and 2330 km swath, with an 
integer-based sinusoidal grid that produces a daily and 
8-daily (beginning at first day of each year) composite 
tile products (Hall et al. 2002). The snow cover data is 
further divided into 6 sub-categories/classes each assigned 
a unique value. The categories are ‘No Snow’, ‘Lake’, 
‘Ocean’, ‘Cloud’, ‘Lake Ice’ and ‘Snow cover’. The cor-
responding values assigned are 25, 37, 39, 50, 100 and 
200, respectively. Figure 3 presents the MODIS sinusoidal 
grid tiles; the research of this paper used tiles of h25 v6.

3  Results and Discussion

3.1  Snow Cover Dynamics for the Kabul River Basin

Table 2 and Fig. 4 explain the annual variability of snow-
covered areas in Kabul River Basin. Annually, on average, 
the total basin area changes from 10 to 66%. The mini-
mum snow-covered area includes the glacier cover in the 
basin and also the perennial or left over seasonal snow. 
In 2001, lowest minimum snow-covered area about 8% 
of catchment area was observed while the highest maxi-
mum 77% was observed in 2005 as shown in Table 2 and 
Fig. 4. Monthly variation of snow-covered area for Kabul 
River Basin over the period from 2001 to 2016 is shown 
in Fig. 5. The snow-covered area starts increasing from 
August and keeps on increasing till February and then it 
decreases from February to August. Minimum snow cover 
is during the period of July to September due to high sum-
mer temperatures and liquid precipitation while it is maxi-
mum in December, January and February, due to westerly 
precipitation (mostly in solid form) and low temperatures.

Table 3 shows estimation of trends of the daily per-
centage of snow-covered area over the 16 years period 
in all the eight elevation zones. Examination of Table 3 
reveals that there is a statistically significant increasing 
trend in Zone 1–3. In addition, a non-significant decreas-
ing trend in Zones 4–8. Moreover, non-significant but 

Fig. 2  Hypsometric curve of the Kabul River Basin and spread of percentage area per elevation zone
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decreasing trend in Zone 8 may hint either at decrease in 
solid precipitation in the high elevation region or a slight 
retreat of the glaciers which may become significant in the 
coming years. In addition, there is a significant decreas-
ing trend of snow-covered area in Zones 6 and 7 which 
also gives a similar indication. A typical spatial variation 
of daily snow-covered area for the Kabul River Basin is 
shown in Fig. 6; taking the data of year 2001 as a sample. 

Fig. 3  MODIS sinusoidal grid tiles (https ://nsidc .org/data/MOD10 A1/versi ons/6)

Table 2  Snow-covered area for Kabul River Basin

Area km2 Percentage Years

Total 91,297
Average min 9421.81 10.32 2001–2016
Average max 60,608.81 66.39 2001–2016
Lowest min 7415.4 8.12 2001
Highest max 70,283.4 76.98 2005

Fig. 4  Annual variability of snow-covered areas  km2 for the period 2000–2016

https://nsidc.org/data/MOD10A1/versions/6
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Examination of this figure reveals the concentration of 
glaciers in the northern highest elevation part of the basin; 
snow cover during the period of July to September shows 
minimum extent.

3.2  Glacial and Leftover/Perennial Snow Area

For determination of glacial and leftover/perennial snow-
covered area, Conventional Depletion Curve (CDC) “the 
ratio of snow covered area in a zone to the total area of that 
zone” analysis is used. CDC analysis showed that Zone 8 
has around 84% minimum snow-covered area average over 
16 years (2001–2016) while minimum snow cover in Zone 

7 goes as low as around 30% average over same 16 years. 
Zone 7 has the area of 7261 km2, so 30% of the area makes 
it around 2178 km2. Zone 8 area is above 5000 m elevation 
that is why it has maximum accumulated area of perennial 
snow and glacier, while Zone 7 has area above and below 
5000; thus, less area of perennial snow and glacier as com-
pared to Zone 8. According to studies by Wi et al. (2015) 
and Pfeffer et al. (2014), glacier extent was found as 2.9% 
of catchment area (67,370 km2) estimated by Randolph 
Glacier Inventory. In our case, we have a watershed area 
of 91,297 km2 and our calculated glacier area is 4.39% 
which is proportionally a close agreement. This gives us 
enough confidence that the assumptions we have made to 
analyze glacier-covered area change are quite reasonable. 
Table 4 shows our estimation of the glacial cover over the 
entire Kabul River Basin.

Seasonal analysis of the snow-covered area is presented 
in Fig. 7. In this figure, six curves are introduced as NDJF 
(November, December, January and February), MA (March 
and April), MJJA (May, June, July and August), SO (Sep-
tember and October), minimum snow cover (we take as an 
approximation of the glacierized ‘Gl’ area) and average 
annual snow cover ‘Avg Annual’. Westerly precipitation 
(mostly in solid form) is the main source of seasonal snow 
cover for NDJF while the maximum snow melting takes 
place during the period (MJJA) because of high summer 
temperatures. For the months of March and April, snow 
cover starts decreasing as temperatures begin increasing 
in the area while in September and October melting starts 
decreasing as summer gets over.

Fig. 5  Monthly variation of snow-covered area for Kabul River Basin over the period 2000–2016

Table 3  Mann–Kendall trend analysis of the daily snow-covered area 
in the whole basin

Elevation 
zone

P value Tau Trend signal Sig/non-sig

Z1 0.0032 0.0294 Increasing Significant
Z2 < 2.22e−16 0.072 Increasing Significant
Z3 0.0059 0.0247 Increasing Significant
Z4 0.3889 − 0.00766 Decreasing Non-signif-

icant
Z5 0.1398 − 0.0131 Decreasing Non-signif-

icant
Z6 0.0374 − 0.019 Decreasing Significant
Z7 0.0033 − 0.0279 Decreasing Significant
Z8 0.3077 − 0.0102 Decreasing Non-signif-

icant
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To calculate the annual average, the snow-covered area 
for the whole year is averaged and then each year’s average 
value is plotted over the 16 years’ time period. Based on 
the assumption that the minimum snow-covered area of the 
basin is a close approximation of the glacier-covered area of 
the basin, its annual values are plotted in Fig. 7. The inter-
annual variation and trend provide a rough indication of any 
changes in the areal extent of the basin’s glacier cover. It is 
evident in Fig. 7 that all the curves representing seasonal and 
annual variation are showing an increasing trend, though 
negligible. Almost no trend of the minimum snow-covered 
area indicates that on annual basis, the glacier-covered area 
in the basin seems to be stable.

4  Conclusions and Recommendations

This study endeavored to analyze the variations of snow-
covered areal extent, spatially, temporally and at different 
elevation zones in the Kabul River Basin. Thus, this unique 

study presents a useful insight for estimating the impact of 
climate change on the transboundary Kabul River Basin and 
helping the two riparian countries to take informed deci-
sions. During the analysis of daily changes in the snow-
covered area data, a significantly increasing trend in the 
three lowest elevation zones was observed and the middle 
elevation zones (Zones 4, 5) and the highest elevation zone 
(Zone 8) showed a negligible decreasing trend. Moreover, 
non-significant but decreasing trend in Zone 8 may hint 
either at decrease in solid precipitation in the high elevation 
region or a slight retreat of the glaciers which may become 
significant in the coming years. In addition, there is a signifi-
cant decreasing trend of snow-covered area in Zones 6 and 
7 which gives a similar indication. Our seasonal and annual 
analysis indicates that there is an overall slight increasing 
trend in the basin for all analyzed seasons and also on annual 
basis. The results of this study recommend that a detailed 
hydro-climate modeling analysis should be carried out for 
this basin to find the changes in water availability under the 
future climate scenarios. In addition, although our results 
are in close agreement with previous studies’ results but for 
more accurate validation of MODIS results, snow and gla-
cier cover analysis may also be carried out through some 
other satellite images such as ASTER or LANDSAT.
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Fig. 6  Typical spatial variation of snow-covered area for Kabul River Basin for a sample year (2001)

Table 4  Calculation of glacier-covered area

Zones Total area 
 (Km2)

Glacial 
cover 
 (Km2)

Total gla-
cial cover 
 (Km2)

Total 
water-
shed area 
 (Km2)

Percentage 
of glacial 
cover

Zone 7 7261 2178 4036 91,926 4.39%
Zone 8 2212 1858
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Abstract
Climate change leading to migration and conflicts is observed in many parts of the world and it is becoming a potential 
future in Pakistan. Climate change refugees in Pakistan undergo victimization, in situ mitigation, or migration, all three of 
which have consequences. Direct and indirect security threats posed by climate change can cause great economic losses to 
Pakistan. Arguably, there is growing evidence of a relationship between climate change and conflicts in Pakistan. Resource 
depletion and overpopulation result in rural-to-urban migration along with occupational shifts. This unprecedented study 
explores whether there is a significant relationship between climate change and conflicts in Pakistan. It assesses the given 
association from national to individual level. The study uses both qualitative and quantitative methodologies to determine 
the relationship of climate change and conflict. The science of climate change and conflicts is mostly qualitative. The assess-
ment based on surveying, visits, interviews, literature review, multidisciplinary assessment, and examination of the sites. 
Furthermore, the relationship or association was quantified based on some of the results. Statistical analysis was performed 
on the results of the study. Relationship between climate change, socioeconomics, and conflicts has been explored. Surveys 
and interviews significantly supported that the frequency of the disasters such as droughts, heatwaves, floods, and diseases 
has increased in the study area and significantly affects the lives of local communities. It was also highlighted that the 
majority of conflicts in the region are due to overpopulation, economic competition, acquisition of land and resources, and 
migration. It was found that some associations are statistically significant, while others are not. However, site examination 
and ground realities suggested that there is a high risk and potential for climate change-induced conflicts in the study area. 
Data presented in the study indicate that Pakistan has the highest risk value for conflicts and human exposure to these risks. 
There is a significant causal relationship between climate change, migration, and conflicts. Over population together with 
resource depletion serves as catalyzing factors for climate change migration and dispute. Data on the subject for Pakistan 
are absent or lacking. However, it can be significantly established that climate change-induced migration and the conflicts 
are reality in Pakistan, with potential to induct further economic losses in the future.

Keywords Climate change · Conflicts · Security · Resource depletion · Karachi Pakistan

1 Introduction

Pakistan has one of the fastest growing populations in the 
world and is highly vulnerable to climate change (Kundze-
wicz et  al. 2014). Overpopulation with poorly planned 
urbanization and technological development is putting 
urgent stress on the environment (Lakhan 2015). It is esti-
mated that, to prevent detrimental climate change impacts, 

Greenhouse gases’ emissions need to be reduced by 70% by 
2050 (Abas et al. 2017). Many experts and federal authori-
ties establish that Pakistan is a prime target of climate 
change, but only contributes 0.8% of total GHG emissions 
(Lin and Ahmad 2017). However, consensus can be estab-
lished on the urgent need of adaptation, if not mitigation in 
terms of reducing Pakistan’s emissions (Khan 2015).

Climate change has become one of the biggest issues 
of the 21st century and a global threat (Urry 2015). Grow-
ing evidences from continuing research are attempting to 
prove climate change as a reality and further malicious 
impacts of climate change are being unfolded (Oreskes 
2007). According to the Fifth Assessment Report (AR5) of 
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Intergovernmental Panel on Climate Change, consensus on 
climate change as a security threat and root of disputes has 
now developed among the international scientific commu-
nity (Team 2014).

During the recent 4 decades, the number of climatic dis-
asters increased three times globally (López 2015). Drastic 
consequences are recorded on human populations, biodi-
versity, forest covers, animals, lands, and even sea (Watts 
et al. 2015). Regarding humans, developing countries are the 
most affected ones and are predicted as the most susceptible 
ones to climate change consequences (Conway et al. 2015). 
About 20 million people have been displaced due to severe 
weather events (de Sherbinin et al. 2011) and about 4.6 
million people have been internally displaced by conflicts 
and violence (Keane 2003). Apart from extreme disasters, 
slow but increasing changes in the environment are causing 
impacts on migrations (Warner et al. 2010). During the last 
3 decades, 1.6 billion people have been affected by droughts 
and 718 million people have been affected by storms glob-
ally (McCarthy et al. 2001). In 2014, natural disasters have 
resulted in the migration of 19 million people from 100 
countries worldwide (Neumann et al. 2015). This trend can 
lead to displacement of 25 million to 1 billion refugees by 
2050 (Roy 2018).

A theory also suggests that historical civilizations like 
Moen-jo-Daro, Tigris, and Indus, dwelling at river banks, 
were rendered refugees due to environmental shifts and 
climatic variability and their livelihood and survival sys-
tems were left destroyed (Possehl 1997). Today, the sci-
ence of inter-specific competition over limited resources is 
well established. It is studied that places with stressed and 
unfavorable environmental conditions are ones with greater 
risks of generating conflicts and refugees (Raleigh and Urdal 
2007). Many developing countries will be resourcefully and 
environmentally stressed resulting from human-induced 
climate change. Conflicts due to both climate change and 
consequences of climate change can contribute to increas-
ing refugees (Fig. 1). The vegetation zones and climate of 
the Earth are shifting, which will result in some places get-
ting drier and others getting wetter. This will greatly impact 
already prevailing economic, social, and civilization systems 
in negative ways. Countries like Italy and Greece may end 
up getting hotter and more arid leading to the relocation of 
the population (Giannakopoulos et al. 2009).

Pakistan is prey to increasing issues such as emigra-
tion, exponential population growth, and resource deple-
tion. Changing climatic and precipitation patterns, and 
extreme weather events have become common in Pakistan 
(Farooqi, Khan and Mir 2005). Efforts are being made 
to restore lost forests of Pakistan, such as the recent bil-
lion tree tsunami project initiated in Northern Pakistan, 
which are expected to lead toward the sustainable devel-
opment of natural resources in Pakistan (Kharl and Xie 

2017). However, attention towards adaptation, mitigation, 
and climate policy is lacking. History of climate change 
agreements from Kyoto Protocol 1997 to Paris Agreement 
2015 has accelerated sense of urgency towards this global 
issue (Mátyás et al. 2018). It is essential for Pakistan to 
rub shoulders with forerunners of this science, not only 
for its national, economic, political, and social stabil-
ity but also for survival (Smit and Pilifosova 2003). The 
study focuses on security especially in terms of migration, 
resource depletion, overpopulation, socioeconomics, and 
intranational conflicts.

Given the lack of data in Pakistan, it is essential to gather 
the evidences which can be evaluated. This study utilizes 
the techniques that are frequently used in the past to under-
stand the concealed dynamics of climate change impacts at 
micro level (Nhemachena and Hassan 2007). The study aims 
to develop a nexus between climate-induced migration and 
violent disputes while incorporating factors of overpopu-
lation and resource depletion in the equation (Nordås and 
Gleditsch 2007). There is sufficient evidence that climate 
change can cause migration (Reuveny 2007), and also that 
migration can cause conflicts (Swain 1996). This study 
establishes research-based elements to fill the void due to 
lack of research in Pakistan on this subject, as an initiative 
to develop concrete particulars. This adds another page to 
climate sciences in Pakistan for the research community and 
proposes some ground rules in the subjected science. Under-
standing climate change as a driving force of certain con-
flicts can improve the conflicts’ resolution response (Barnett 
and Adger 2007). This study explores the conflicts’ mecha-
nism and dynamics from the pathways of climate change to 
discover the significance of their relationship. This study is 
unprecedented and one of its kinds for Pakistan. There are a 
few studies globally which address the relationship between 
climate change and conflict. Despite of the security concerns 
that climate change poses on Pakistan, research in this area 
is specifically lacking. Pakistan also lacks framework for 
climate security and official conflicts’ resolution mechanism.

Fig. 1  Refugees in Pakistan
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2  Study Area

The highlighted study area involves Karachi and District 
Thatta (Fig. 2). Karachi is the financial hub and the provin-
cial capital of Sindh. Population density of the metropoli-
tan city is above 24,000 people per square kilometer plac-
ing it among the most populated countries in the world. 
Karachi covers the total land area of 3640 km2. It is in the 
south of Sindh province and touches the coast of Arabian 
Sea. Karachi port and Port Qasim are the two vital ports of 
Pakistan which are located in Karachi. The city is highly 
urbanized but also accommodates less developed areas. 
It is the primary attraction of all immigrants around the 
country. Literacy rate and economic stance of Karachi are 
among the highest in Pakistan, but there are great varia-
tions. Similarly, Karachi is home to diverse ethnic, social, 
religious, and political groups, which makes it vulnerable 
to conflicts. The western part of Karachi is hilly, while the 
south-eastern is coastal. The climate is moderately tem-
perate and the relative humidity of Karachi remains high 
throughout the year. The city is highly industrialized and 
offers various employment opportunities (Qureshi 2010).

According to Fig. 3, the population growth of Karachi 
is exponentially growing due to natural population growth 
rate and migrant influx. The coastal areas of Sindh including 
district Thatta and Karachi have historically been migra-
tion destination. During 1960–1980, several different eth-
nic groups migrated from different areas, including Balochs, 
Jutts, Khaskhelis, and Dablas, to the coastal outskirts of 
Karachi, which was previously occupied by Sheikhs, the 
merchants, for 200 years. Certain coastal areas have fisher-
men community settlement, which are vulnerable to migrat-
ing influx as well as reduced fish resources in the waters 
(Hasan et al. 2017). Majority of people migrating to these 
areas were from agricultural background with no skills 
required for fishing, which gives certain ethnic communi-
ties a professional upper hand on others. Ethnic differences 
are evident causations of dispute and conflicts in Pakistan 
(Stavenhagen 2016). The fisheries’ stock is dwindling due 
to heavy indiscriminate pollution caused by industrial efflu-
ent and cow dung from cattle farming, as well as overex-
ploitation by non-indigenous migrants due to their interest 
in economic gains and unsustainable fishing practices (Beg 
et al. 2012; Hameed et al. 2012). Apart from affecting live-
lihood, severe coastal pollution problem also causes health 

Fig. 2  Map of the study area
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problems. Research indicates the presence of severe issues 
pertaining to land ownership and control issues among new 
migrants and the previous settlements on clan basis (Hasan 
et al. 2017) which further intensify conflict possibilities. 
Mangroves are depleting due to wood logging for timber, 
fuel, and matchstick which exacerbates the environmental 
scenario.

Thatta is among the ancient districts of Pakistan with a 
deep history of cultural and Islamic learning. The popular-
ity was decreased with the shift in waters from River Indus, 
and people migrated away. Karachi is located on the west 
of Thatta, and it is surrounding by other lower riparian dis-
tricts (Gill et al. 2012). The land area of district Thatta is 
17,360 km2 and several villages lie within Thatta, such as 
Keti Bandar and Shah Bandar. Like Karachi, district Thatta 
also meets Arabian Sea on the southern extreme and it is 
highly vulnerable to sea intrusion (Magsi and Sheikh 2017). 
Literacy rate of Thatta is 38%, while female literacy rate is 
below 5%. The more than 50% of the population in district 
Thatta is extremely poor, while 80% are considered poor. 
The local population strives for survival and all the members 
of the family are responsible to work in most households. 
Droughts and sea intrusion are common for the villages 
in Thatta, and events of migration are frequently reported 
(Salik et al. 2015). The region is highly vulnerable to climate 
change (Alamgir et al. 2016).

3  Methodology

The study undertakes a multi-dimensional methodology. 
Analysis was conducted using interviews, surveys, contem-
porary literature, theories, historical data, sociopolitical and 
socioeconomic data, and conflicts’ model.

Relationship between climate change, socioeconom-
ics, and conflicts has been explored with above-mentioned 
references to bring attention towards Pakistan. The study 

evaluates the causes leading to conflicts’ conditions due to 
climate change in Pakistan on basis of these methods.

Key issues and major causal chains were highlighted and 
estimated for evaluation. Remote regions of interior Sindh 
province were visited to explore the ground-level situation. 
Surveys and interviews were conducted with the local popu-
lation to understand conflicts’ nexuses.

For the interview and survey, researchers developed a 
questionnaire to inquire perception of climate change, con-
flicts, and the relationship between them among the local 
participants. Survey was conducted in Karachi (Urban) and 
district Thatta (Rural). Since many respondents were una-
ble to read in rural samples, questionnaires were translated 
in local language and verbally assisted. Researchers filled 
out the questionnaires by interviewing certain respond-
ents. They were also encouraged to comment on the sub-
ject apart from the questions and useful commentary was 
recorded. Although respondents were demographically 
diverse, researchers concentrated on elderly people to uti-
lize their experiences in past 20–25 years. The questionnaire 
was essentially developed in two segments. First segment 
recorded demographic parameters, such as gender, age, 
level of education, and the duration of residence in the area. 
The latter segment focused on recording each respondent’s 
perception on climate change, socioeconomic factors, con-
flicts, and the relations between these dynamics. The choices 
for answers were limited to the subject as a forced-choice 
approach to keep the respondents focused. To avoid bias, 
respondents were given options to choose “I do not know” 
in certain questions. Respondents participated on volunteer 
basis without financial compensation. Among all ques-
tions, the inquiries that were filtered for this paper are the 
following:

1. What is climate change?
2. What is the biggest threat to your region?
3. What are the primary reasons of climate change? (tick 

3)

Fig. 3  Population growth in largest city. Source: world development indicators
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4. Were there changes in climate-induced disasters in past 
20–25 years?

5. What are the reasons for conflicts in your region? (eth-
nic, political, and other) Tick all that apply

6. Do you think the following factors will aggravate you 
and increase your tendency to fight or argue? (check all 
that apply)

7. What are the most common causes of conflicts in the 
region? (tick 3)

The survey and interview study was based on witness and 
perception approach. Questions and choices were designed 
in a way that encourages respondents to reflect on what 
they currently know even when they are not familiar with 
climate change. Semi-structured interviews and conversa-
tions were carried out with respondents from focus groups. 
The purpose was to gather useful information which can 
be manipulated, and not to assess the respondents’ aware-
ness on the subject. Therefore, some respondents were also 
assisted to understand certain foundational information 
in informal language. A local guide was accompanied to 
effectively overcome language barriers. The data acquired 
were presented graphically and studied in the light of prior 
literature and theories. Through these interview and surveys, 
climate change and conflicts were linked through an inter-
mediary between the two: consequences of climate change. 
Therefore, the direction of this part was: Climate change → 
Consequences → Conflict. Climate change consequences 
served as a transition to evaluate the connection. For the sta-
tistical analysis, SPSS was used to run three different tests on 
various results. The Chi-square test, Z test for two population 
proportions, and Spearman’s Rho tests were applied. These 
tests assessed the significance of difference between the 
conditions of rural and urban regions. The Z test attempted 
to link different parameters to statistically evaluate whether 
they have an effect on each other or whether there is a sta-
tistically significant association or dissociation between the 
chosen parameters.

To develop links between climate change and conflict, the 
Index for Risk Management or INFORM Model is adopted 
as the secondary source of data for the simulation of other 
factors associated with the climate change and conflicts’ 
nexus, such as hazard and exposure, vulnerability, and the 
lack of coping capacity of Pakistan. Secondary data were 
retrieved from the provided model for the analyses. The sub-
divisions of each criterion are important for understanding 
the depth of these factors. The model is three dimensional, 
and based on the definition and approach of United Nations 
Office of Disaster Risk Reduction (UNISDR) that stipulates 
three different factors of vulnerability. The mathematical 
factoring of physical as well as potential power and capacity 
of a country in coping up with the disaster risk is essential 
for determining the estimates of conflicts and the risk of 

conflicts in that country effectively. The INFORM utilized 
54 different indicators in a three-dimensional model. The 
scores of risks are on a scale from 1 to 10, with 10 being the 
highest risk possible. INFORM model itself is not related 
to climate change. INFORM originally does not address or 
incorporate climate change, which is the point that this study 
has covered to establish that link. This study has attempted 
to present and utilize the data, see it in the light of climate 
change ground realities, bring it into the picture of this study, 
and relate it to the unique findings of the study. It is also 
utilized to support the arguments. The risk values are origi-
nally developed by INFORM. Nonetheless, secondary data 
from INFORM were retrieved which this study utilized for 
(1) establishing and assessing the relationship between con-
flicts and climate change, (2) identifying where the two areas 
coincide for Pakistan, (3) selective choice of data and indica-
tors for Pakistan, and (4) picking out the desired data sets 
from the comprehensive model. For comparative analysis, 
profiles of different countries with similar values as Pakistan 
were identified and were observed, studied, and analyzed 
qualitatively in relationship to the climate change.

Climatic records for past 50 years were retrieved from 
World Bank Group. Other sources that were used in the 
study include United Nations High Commissioner for Refu-
gees (UNHCR), United Nations Department of Economic 
and Social Affairs (UN DESA), and United Nations Devel-
opment Program database (UNDP). Diverse data sets were 
used to assist interdisciplinary analysis.

The argument, i.e., “Can climate change cause resource 
depletion and conflict” is broken down into numerous seg-
ments, and each segment is evaluated individually and in 
combination with all types of data mentioned above. Vari-
ous hypotheses based on arguments over subject matter 
were developed for Pakistan. Description and study on each 
hypothesis was carried out individually to conclude whether 
each is true or false in case of Pakistan. The hypotheses 
tested for this part of the study are:

• Hypothesis 1: Lack of resources due to climate change 
can lead to two outcomes, either population fights over 
remaining resources resulting in dispute, or one group 
can migrate to another region which could arise con-
flicts between host group and immigrant group. Climate 
change can cause a dispute in both ways in Pakistan.

• Hypothesis 2: Does climate change cause violence and 
armed disputes in climate change hotspots of Pakistan? 
Various violent disputes, terrorist activities, and extrem-
ism in Pakistan can be linked to widespread roots of 
climate change impact, or indirectly linked to the conse-
quences of climate change, like resource depletion, nega-
tive impacts, and different losses due to climate change. 
The impacts of climate change may also work as regulat-
ing factors for these disputes.
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• Hypothesis 3: Conflicts’ hotspots with high population 
density have greater chances of dispute and security 
issues due to climate change, while conflicts’ hotspots 
with low population density have lesser. Similarly, low-
income populations have a higher risk of climate-induced 
disputes than hotspot populations of high income. Many 
other demographic and socio-economic factors may 
play significant roles in determining the risk of climate-
induced disputes.

The hypotheses were tested qualitatively based on the vis-
its, interviews, surveys, site examination, study of literature 
and interlinking of climate change, and conflicts with the 
use of associated consequences of either. Since the devel-
oped hypotheses in the end are based on qualitative science, 
they are assessed and justified on qualitative grounds. The 
study investigates to answer the question: Climate change 
can lead to conflicts and resource depletion in Pakistan and it 
explores all dynamic factors associated with it to reach plau-
sible conclusions. In the end, recommendations for further 
research and policy framework for implementation has been 
devised exclusively to Science-Policy Conference on Cli-
mate change in Pakistan. Due to the qualitative nature of this 
science, it has been suggested that quantitative assumptions 
on this issue may be misguiding and more qualitative studies 
are required for strengthening the science (Scheffran et al. 
2012). Various studies have been previously conducted and 
published in reputable journals that utilized non-quantitative 
approaches (Buhaug et al. 2010; Raleigh 2010).

4  Limitations

The study is limited by the lack of data and the previous 
research in the area. For the same reason, the study is one 
of its kinds and looks into multidisciplinary subjects. The 
scope of this study is also limited by the unreliability of 
depending solely upon quantitative data and analysis. It is 
suggested that relying on the quantitative data alone can be 
confusing and misguiding for understanding the entire situ-
ation (Scheffran et al. 2012). To overcome this limitation, 
this study is designed to be diverse and takes into account 
both qualitative and quantitative aspects to draw a complete 
picture.

5  Results and discussion

The results were obtained from the survey in both the rural 
region and the urban region within the study area. It was 
indicated that the relationship between climate change and 
conflicts is significantly perceived.

The focus group in the sample was the significantly aged 
people. Female participants were less reachable in rural 
region compared to males. For urban study, it was ensured 
that female proportion was equal to males. Demographics 
were taken to ensure that samples were correct and to high-
light the source of information (Table 1).

5.1  Results on meaning of climate change 
and the biggest threats in the region

Figure 4 represents how the sample respondents within the 
local communities perceive climate change. More than 55% 
of the participants acknowledged that climate change is 
associated with changes in weather conditions. 21% viewed 
climate change as a change in temperature, and majority 
of this sample size belong to urban region. On the other 
hand, fewer believed that climate change is linked to vari-
ations in precipitation and environment. Respondents who 
admitted that they are unaware of climate change were found 
in rural as well as urban regions. Interestingly, many of the 
rural respondents were able to understand climate change 
when translated into their respective languages in easy and 
informal terminology. As presented in Fig. 5, the question 
progressed the study by inquiring about what they consider 
to be the biggest threats among overpopulation, resource 

Table 1  Result of survey Part 1: demographic parameters of respond-
ents

Participants’ demographic

Age Median
 Rural 47 years
 Urban 32 years

Gender Value Percentage share
 Male (rural) 38 76%
 Male (urban) 30 48.4%
 Female (rural) 12 24%
 Female (urban) 32 51.6%

Education (rural) Value Percentage share
 Primary or below 32 64
 Secondary 9 18
 College 5 10
 University 4 8

Level of education (urban) Value Percentage share
 Primary 0 0
 Secondary 6 9.6
 College 10 16.1
 University 46 74.1

Region Value Percentage share
 Urban 62 55.4
 Rural 50 44.6

Total respondents 112 100
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depletion, sea intrusion, flooding, water scarcity, poverty, 
injustice, conflicts, and unemployment. Majority of both 
rural and urban participants considered water scarcity and 
unemployment as the biggest threats within their region. 
In urban region, overpopulation was also highlighted as a 
serious threat, while a few from the rural side considered 
overpopulation an issue. Poverty was considered a threat 
mostly in the rural side. During the interview, many rural 
respondents linked their poverty conditions with unemploy-
ment. It was highlighted that agricultural activities have been 
reduced due to water shortage and most unskilled labor 
remained unemployed. Many rural participants also testi-
fied that their family income is continually decreasing for 
the last 2 decades. 31% of the total participants perceive 
that injustice and conflicts are among the biggest threats, 
and majority of them were urban residents. 50% and 35% of 
the rural and urban respondents, respectively, perceive sea 
intrusion and flooding as the primary threat to the region. 

52% of the rural respondents considered poverty as one of 
the three biggest threats (Table 2).

5.2  Results on primary reasons of climate change 
in the region

Figure 6 represents the reasons of climate change in the 
study area. When the reason for climate change was asked 
during the survey, 89% and 82% of urban respondents 
answered deforestation and industrial emissions, respec-
tively. Three reasons had to be chosen among the six given 
options, i.e., deforestation, urbanization, industrial emis-
sions, human activities, act of god, and no idea. In case of 
rural district, deforestation and industrial emissions were 
perceived as the primary causes by 76% and 64%, respec-
tively. As a forced-choice approach, respondents were urged 
to choose at least two reasons even when they had no idea. 
Yet, 56% from district Thatta admitted that they have no 

Fig. 4  Responses on what is climate change?

Fig. 5  Biggest threats to the region



580 F. Ali et al.

1 3

idea. Interestingly, 44% from the rural side believed that it 
is an act of God and the works of nature which cannot be 
altered by human intervention. On the other hand, only 11% 
from Karachi stated so. 56% and 42% from Karachi believed 
the primary causes to be urbanization and human activities, 
respectively. However, district Thatta remained convinced 
that it is the work of God rather than urbanization or anthro-
pogenic activities (Table 3).

5.3  Results on changes in climate‑induced disasters 
in past 20–25 years

The question presented in Fig. 7 served as a transition 
of the study turning it from climate change toward con-
flict: Were there any changes in climate-induced disasters 

in past 20–25 years? This intermediate question focused 
on the consequences of climate change that may lead to 
conflict, as mentioned in the methodology section, i.e., 
Climate change → Consequences → Conflict. Participants 
were given the liberty to choose one or all the options. As 
an open question, this received a total of 500 responses for 
nine choices. Respondents from both regions were highly 
selective in their choices. Above 90% of both rural and 
urban admitted that there have been drastic changes in 
precipitation and heatwaves in their respective regions. 
Droughts were perceived mostly by rural, chosen as dras-
tically changed by 94% of the participants. 88% of rural 
also endorsed that floods have become more frequent in 
the region. Despite of open choice, very few considered 
that there were changes in fires, landslides, and cold spells. 

Table 2  Biggest threats to the region

Chi-square 
results for 
region (rural 
and urban)

Overpopula-
tion

Resource 
depletion

Sea intru-
sion % 
flooding

Water scar-
city

Poverty Injustice 
and con-
flict

Unemploy-
ment

Significance

Biggest 
threat to the 
region

Chi-square 21.2824 8.4783 3.083 0.6262 7.0705 0.4441 0.2142 Yes = 3
p value 0.000004 0.00359 0.07911 0.42874 0.007836 0.50517 0.64351 No = 4
Significant 

at p < 0.05
Yes Yes No No Yes No No 42.85%

Fig. 6  Primary reasons of climate change in the region

Table 3  Primary reasons of climate change in the region

Chi-square results 
for region (rural 
and urban)

Deforestation Urbanization Industrial emis-
sions

Human activities Act of god No idea Significance

Primary reasons 
of climate 
change in the 
region

Chi-square 3.174 2.3123 4.8085 7.3808 9.1826 23.5697 Yes = 4
p value 0.074817 0.12836 0.02832 0.00659 0.002443 0.000001 No = 2
Significant at 

p < 0.05
No No Yes Yes Yes Yes 66.66%
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Around 32% and 25% or rural and urban perceived changes 
in storms (Table 4).

5.4  Results on Reasons of Conflicts in the Region

The question presented in Fig. 8 about the reasons of con-
flicts in the region was asked after the respondents reflected 
on the previous questions. It was an open choice question 
which brought in 655 responses from a total of 112 respond-
ents for ten choices given in the question. It was assumed 
that this approach will set perspective in respondents and 
produce more effective answers. More than any other reason, 
around 95% of both rural and urban perceive that acquisi-
tion over land and resources is a reason for conflicts in the 
region. Job competition and droughts were considered by 
92% of rural respondents, while 90% of them perceived that 
increasing population is a reason for conflicts, as well. 78% 
and 76% of rural region also considered migration and water 
scarcity as a reason for conflicts in the area. Unlike 48% of 
urban, 92% of rural perceived that competition for jobs is 
also a reason for conflicts in the region. During interviews, 
many urban respondents added that it is unlikely to have 
a real fight over jobs, while rural opinion was opposite to 
this. Interestingly, urban respondents were more affirmative 
than rural when the term economic competition was used. 
It turned out that around 73% of urban agree that economic 
competition can create conflicts, while 50% of rural agreed 
to this notion. Some asked for the difference between compe-
tition over jobs and economic competition. The latter reason 
was explained to have a general, broader scope, while for-
mer was specific to jobs and employment only. Some urban 
respondents even reflected on office politics phenomenon 
and how various conflicts prevail silently. There was a stark 
difference in responses for droughts from rural and urban. 

Only 8% of the urban respondents considered flood as a 
cause of conflict, while 92% of rural marked it as a probable 
reason. Similarly, 98% of urban rejected floods and sea intru-
sion as a reason for conflict, and 32% of rural admitted to it. 
Diseases were perceived by 16% and 26% of urban and rural 
respondents, respectively. 73% and 66% of urban and rural 
samples, respectively, marked inequality and injustice as a 
reason for conflicts in the region (Table 5). It was interest-
ing to see that the open choice questions can significantly 
enhance the responses to show a clearer picture.

5.5  Results on Climate‑Induced Factors 
on the Conflicts Tendency

The question presented in Fig. 9 was a turning out of per-
ception for the respondents. There is a series of various 
studies that find various psychological factors and triggers 
that can cause aggression (Warburton and Anderson 2015). 
It remains true that aggression does not translate into con-
flicts every time. Therefore, the basis of this question was to 
inquire whether or not certain triggers are likely to translate 
into a conflict for the respondents. Results of this inquiry 
were surprising. Majority of the respondents agreed that 
most of the triggers listed will, in fact, increase their ten-
dency to fight, argue, and have conflict. They also added that 
it will reduce their tolerance and their temper, and greatly 
impact their mood. Since it was an open choice question, we 
were able to estimate that although urban responses (319) 
were higher than total number of rural responses (303), 
rural demonstrated a relatively higher response for each 
trigger than the urban. 95% of urban respondents reported 
that scorching heat of Karachi is highly likely to increase 
their tendency to fight and have conflict, while 90% of rural 
stated so. Around 93% of both rural and urban perceived that 

Fig. 7  Changes in climate-induced disasters in past 20–25 years
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unavailability of water is likely to aggravate their tendency 
to fight or have conflict. 96% of the rural also confessed that 
sickness and experiencing disaster situation will render them 
more likely to have conflict, and 82% of urban followed the 
lead. In urban region, scorching heat, financial crisis, and 
unavailability of water were considered to be the trigger by 
most, while, in rural region, sickness, disaster, and water 
scarcity were the leading triggers. Unlike 37% of urban, 82% 
of rural respondents considered increased competition over 
limited resources as a trigger for conflict. When they were 
asked if having power and influence will increase their ten-
dency to have conflicts and fights, 62% and 52% of rural and 
urban said yes, respectively (Table 6).

5.6  Results on Most Common Causes of Conflicts

The question presented in Fig. 10 was an extension of Fig. 9 
with lesser options and only three choices rather than an 
open choice question. Political (67%), ethnic (41%), and 
unemployment (53%) were chosen the most as the cause of 
conflicts in urban region, while rural marked ethnic (66%), 
religious (68%), and land and resources (52%) the most as 
causes of conflicts in the region. Only 6% of rural perceived 
immigrants as the cause of conflict, while 33% of urban con-
sidered immigrants to be a problem. Around 50% of rural 
perceived water scarcity as a cause of problems, while 34% 
of urban respondents said so. Land and resources was per-
ceived by 34% of urban. 40% of rural also chose unemploy-
ment as a cause of conflicts in the region (Table 7). Z test 
for association was conducted (Table 8). 

6  Z test for Association

6.1  Country Outlook

Analyzing the country outlook is important to build the 
perspective for the study. Since various factors and char-
acteristics of the country are associated with the climate 
change vulnerability and conflict scenarios in the region, it 
is important for bringing a complete picture in perspective.

Refugee settlement is a relatively independent parameter 
and not a viable measure within the time series for estimat-
ing the role of climate change. Due to several factors, it is 
important to consider and navigate the complexity. Source: 
UNHCR

Table 9, 10 present the indicators of Pakistan which deter-
mines the country’s capacity for resilience and potential of 
conflict. Pakistan is ranked 147 in the human development 
index according to Table 3. According to UN DESA (2016), 
39.2% of the Pakistan’s population is living in urban areas, 
while 60.8% is rural. The social expenditure of Pakistan 
in this regard is $9028 million. The international migrant Ta
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stock in the country is 1.7%, and almost 49% among them 
are females. Furthermore, the majority of these migrants 
(15.4%) are of working age, while the rest are young and 
elderly people. There are 1.55 million refugees in Pakistan 
who were forced to migrate (UNHCR 2016). Unemployment 
rate in youth is at the high of 10.8%, while the population is 
projected to grow as much as 306.9 million by 2050 at the 
current growth rate.

6.2  Average Annual Loss (AAL) by Hazard

Table 11 is for probabilistic risk assessment that estimates 
the average annual loss by hazards that are caused due to 
climate change-induced disasters in Pakistan. The estimates 
provide a useful outlook on losses and future projections. 
Disaster risk and consequent economic shock risk are rela-
tively high for Pakistan compared to the other countries due 
to lack of capacity and inefficient disaster management sys-
tem. Despite of developing policies and disaster risk man-
agement systems, proper measures have not been effective 
due to lack of political will and governance failure (Ahmed 
2013). As a result, Pakistan remains vulnerable to civil dis-
orders due to poor disaster management and absence of con-
flicts’ resolution system. Total reserves indicate that the total 
reserves minus the gold comprise special drawing rights of 
the country. The total reserves have experienced the great-
est annual average loss with flood as the primary causation. 
These two factors are also strongly associated with migration 

and civil unrest, which can result in conflicts (Black et al. 
2013). This probabilistic assessment also takes into consid-
eration the damage caused by events on different scales. The 
risk associated with river flooding and other water-related 
hazards have a greater contribution toward loss and also 
remain highly uncertain in Pakistan (Fig. 11).

6.3  Conflict Scenario

The regional map indicates the Risk Index score of Paki-
stan among other neighboring countries which is calculated 
by INFORM index model. In this region, Pakistan is sec-
ond only to war-torn Afghanistan in terms of vulnerability 
according to the UNISDR ranking. This puts Pakistan at a 
vulnerable position in terms, as well.

6.4  Risk Indicators

In Table 12, violent conflicts and national power conflicts 
have the highest risk values among all other indicators. 
Exposure to flood is enhanced by exacerbating climate 
change impacts in Pakistan (Farooqi et al. 2005). Therefore, 
among these, the highest score for physical exposure to flood 
is statistical evidence to this nexus, including subsequent 
displacement, social unrest, and eventually violent conflict. 
In relative terms, other indicators such as agricultural stress 
and droughts remain to be on the lower end of the scale.

Fig. 8  Reasons of conflicts in the region



584 F. Ali et al.

1 3

6.5  Conflicts and Climate Change Consequences

According to Fig. 12, flood (46.8%) is the most frequently 
experienced event in Pakistan followed by earthquakes 
(15.3%) and landslides (14.5%). Extreme temperature and 
storms occur at the frequency percentage of 9.7 and 12.1%, 
respectively. The INFORM Model utilized 54 indicators 
obtained from several databases to determine the three-
dimensional risk values for Pakistan. The concepts used 
in Global Risk Indices by IASC, the world risk index by 
UNU-EHS, disaster risk index by UNEP, and global cli-
mate change index by Germanwatch, The variable of vul-
nerability is segmented into three-dimensional manner, and 
risk is estimated by the equation Risk = Hazard & Exposure 
(1/3) × Lack of coping capacity (1/3) × Vulnerability (1/3). 
It considers hazard, exposure, lack of coping capacity, and 
vulnerability in terms of socioeconomic factors, individual 
capacity, infrastructure, and vulnerable groups by modeling 
54 parameters. The results are plotted individually in the 
form of bar plots to indicate the significance of relevant con-
flicts, violence, and dispute scenarios in Pakistan (Figs. 13, 
14, 15).

Apart from being the second most vulnerable country in 
the region after Afghanistan, the Hazard and exposure risk 
values indicate that Pakistan is at high risk of losses from 
and vulnerability to floods (Fig. 13). Other natural disas-
ters as well as earthquakes also have a high-risk value for 
Pakistan. Climate-induced scenarios such as cyclones are 
minimum, while there is a moderate risk in terms of tsu-
namis and droughts. The current conflicts’ scenario in this 
perspective have an extremely high value, i.e., 10 out of 10, 
while future risk associated with climate change-induced 
conflicts is also towards the higher end with a value of 9.8. 
With the above data projections acquired from INFORM 
model simulation for 2018, it is very evident that conflict 
scenarios in Pakistan are serious threats to national security. 
Nonetheless, the dynamic relationship among these areas 
is complex and further research can enhance the reliability 
of estimations from different models. Due to complexity, 
certain relationships between climate change and conflicts 
can be easily misunderstood and can be misleading. To over-
come statistical discrepancies, the ground-level studies can 
further bring empirical and practical dimensions to improve 
precision of the estimates.

In terms of vulnerability in Fig. 14, the socio-economic 
factors and inequality have significant and moderate scores. 
However, values for uprooted people as well as the peo-
ple vulnerable to displacement are towards the higher end, 
which indicates immutable risk to civil unrest, social disor-
der, and conflict scenarios. The score also indicates the lack 
of coping capacity due to inefficient governance and access 
to health as the major factors, both of which have a signifi-
cant impact on the conflict risk (Ahmed 2013; Kälvemark Ta
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et al. 2004; Shekhawat 2009). Inefficiency of communica-
tion and lack of infrastructure are also a highly significant 
factor for Pakistan according to lack of coping capacity 
plot (Fig. 15).

6.6  Comparative Analysis of Similar Country

Table 13 presents countries similar to Pakistan in contexts 
described in the caption. Studying countries with similar 
profiles as Pakistan can help in exploring evidences through 
a qualitative comparative analysis approach. Conflicts in 
African countries, including Sudan, Nigeria, Republic of 
Congo, Libya, and Ethiopia, have been linked with popula-
tion displacement and climate change previously (Nordås 
and Gleditsch 2007; Obioha 2008; Schilling et al. 2012; 
Selby and Hoffmann 2014). Similarly, a number of studies 

linked climate change with resource depletion and conflicts 
in Myanmar, Syria, and Iraq (Gleick 2014; Kelley et al. 
2015; Webersik 2010). Although the reasons may differ from 
country to country depending on the vulnerability profile 
of each state, there is still a significant analysis of conflicts 
emerging due to climate change impacts in these countries. 
Since Pakistan has a similar profile to these countries in 
terms of conflicts and climate change, it suggests high prob-
ability for conflicts due to climate change in Pakistan.

6.7  A Case Study of Karachi

For research hypothesis establishment, Karachi has been 
taken as a classic example as established in the study area 
section. Apart from interviews and surveys, Karachi is 
comprehensively studied for potential of climate change 

Fig. 9  Impact of climate-induced factors on the conflict tendency of people in the region

Table 6  Impact of climate-induced factors on the conflicts tendency of people in the region

Chi-square 
results for 
region (rural 
and urban)

Temper due 
to scorching 
heat

Financial 
crisis

Unavail-
ability of 
water

Sickness Competition 
over limited 
resources

Experienc-
ing disaster 
situation

Power and 
influence

Significance

Will this 
aggra-
vate your 
tendency to 
fight?

Chi-square 1.1117 0.5041 0.1779 15.1342 22.7884 5.0944 1.2135 Yes = 4
p value 0.291721 0.47772 0.67321 0.0001 0.000002 0.024003 0.27065 No = 3
Significant at 

p < 0.05
1.1117 0.5041 0.1779 15.1342 22.7884 5.0944 1.2135 57.14%
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consequences and conflicts emerging from it. Karachi, often 
considered as the financial soul of the country, is the most 
populated city of Pakistan, and seventh most populated city 
globally with a population density of over 24,000 people 
per square kilometer (Karachi Population 2017). Lethal heat 
strokes in Karachi are more frequently experienced com-
pared to past, and now, sea intrusion heavily threatens the 
city. It is expected to reach absolute point zero for water, like 
Cape town, South Africa in coming decades (Ahmad 2007). 
Pakistan is becoming water stressed as main rivers dry out 
(Briscoe et al. 2006). This opens a range of possibilities 
for an international dispute with neighboring power, i.e., 
Baglihar Dam, and interprovincial conflicts, similar to Sindh 
Punjab Dispute (1940). Temperature in Karachi is expected 
to reach new extremes in 2019, and annual temperature will 
continue to increase throughout the century (Zaman et al. 
2009). Heat waves in Pakistan are a major reason of deaths. 
The frequency of heat waves has increased exponentially 
during the previous years, and it is expected to increase in 
future (Zaman et al. 2009). Increasing population is directly 
associated with resource depletion and environmental 

deterioration, and induces migration (Birdsall 1992). In 
addition, climate change is causing natural disasters, deser-
tification, and resource scarcity which force communities to 
migrate to another region for survival or in search of liveli-
hood. Migration of environmental refugees to urban regions 
has been observed throughout the world (Bilsborrow 1992; 
Aghazarm and Laczko 2009).

The most important aspect of climate change mitigation 
is improved resilience. For Pakistan, building infrastructure 
like roads and watersheds is one way to improve resilience, 
while the other is the provision of energy and resources. 
Lack of energy and resources threatens the survival of the 
poor rural population, forcing them to migrate towards 
urban settlements. Pakistan experiences the consequences 
of these migrations due to infrastructure absence to handle 
such an influx. Solid fuel available to most of the rural popu-
lation produces several times more particulate matter than 
nonsolid fuel, which inducts environmental cost of several 
billion dollars (Amegah et al. 2014). Net forest depletion 
and net resource depletion is apparently increasing in Paki-
stan according to Fig. 16. This is due to wood logging for 

Fig. 10  Most common causes of conflicts in the region

Table 7  Most common causes of conflicts in the region

Chi-square results 
for region (rural and 
urban)

Political Ethnic Religious Land and resources Unemployment Water scarcity Significance

Common causes of 
conflicts in region

Chi-square 25.3644 6.4299 10.5767 3.7352 1.9422 2.2989 Yes = 4
p value . 0.01122 0.00115 0.05328 0.163429 0.129467 No = 3
Significant 

at p < 0.05
Yes Yes Yes No No No 57.14%
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development and unchecked cutting of wood illegally for 
timber. Due to occupational shifts and unemployment, more 
people are getting involved in timber trade as occupation. 
These projections play a role to drive relocation and dis-
putes among communities, who rely on timber and natural 

resources for livelihood. Victims may move to another 
region, welcomed, or mistreated by host community—or 
choose to stay and compete over remaining resources. A 
new ethnopolitical minority migrating to a newer region 
does not find equal opportunities and lacks opposition 

Table 8  Z test for association

Rural Biggest 
threat to 
region

Proportion Cause of conflict Proportion Z Score P value Z significance 
at p < 0.05

Intersection

Water scarcity 39 0.78 38 0.76  0.2376 0.81034 No 76%
Overpopulation 7 0.14 45 0.9 7.6061 0 Yes 14%
Resource depletion 17 0.34 47 0.94 − 6.25 0 Yes 34%
Sea intrusion  % flooding 26 0.52 16 0.32 2.0261 0.04236 Yes 32%
Unemployment 28 0.56 46 0.92 4.1036 0 Yes 56%
Poverty 26 0.52 25 0.5 0.2 0.84148 No 50%
Injustice and conflict 14 0.28 33 0.66 3.8069 0.00014 Yes 28%
n = 50 Spearman’s Rho R value is − 0.09009 and statistically insignificant association

Urban Biggest 
threat to 
region

Proportion Cause of conflict Proportion Z Score P value Z significance 
at p < 0.05

Intersection

Water scarcity 52 0.83871 37 0.596774  2.9928 0.00278 Yes 59%
Overpopulation 35 0.564516 48 0.774194 − 2.4816 0.01314 Yes 56%
Resource depletion 7 0.112903 45 0.725806 − 6.9155 0 Yes 11%
Sea intrusion  % flooding 22 0.354839 1 0.016129 4.8518 0 Yes 2%
Unemployment 32 0.516129 30 0.483871 0.3592 0.71884 No 48%
Poverty 17 0.274194 45 0.725806 − 5.0289 0 Yes 27%
Injustice and conflict 21 0.33871 45 0.725806 − 4.3195 0 Yes 33%
n = 62 Spearman’s Rho R value is − 0.18531 and statistically insignificant association

Rural Cause of 
Conflict

Proportion Factors that 
aggravate for 
fight

Proportion Z Score p value Z-Significance 
at p < 0.05

Intersection

Land and resources 47 0.94 41 0.82 1.8464 0.06432 No 82%
Economic competition 25 0.5 43 0.86 − 3.8587 0.00012 Yes 50%
Inequality and injustice 33 0.66 31 0.62 0.4167 0.67448 No 62%
Water scarcity 38 0.76 47 0.94 − 2.5205 0.01174 Yes 76%
Disease 12 0.24 48 0.96 − 7.3485 0 Yes 24%
Disaster 16 0.32 48 0.96 − 6.6667 0 Yes 32%
Scorching heat 46 0.92 45 0.9  0.3494  0.72634 No 90%
n = 50 Spearman’s Rho R value is − 0.59462 and statistically insignificant association

Urban Cause of 
conflict

Proportion Factors that 
aggravate for 
fight

Proportion Z score p value Z-significance 
at p < 0.05

Intersection

Land and resources 59 0.951613 23 0.370968 6.831 0 Yes 37%
Economic competition 45 0.725806 56 0.903226 2.5414 0.01108 Yes 72%
Inequality and injustice 45 0.725806 32 0.516129 2.4064 0.01596 Yes 51%
Unavailability of water 37 0.596774 57 0.919355 − 4.1939 0 Yes 59%
Disease 10 0.16129 41 0.66129 − 5.6575 0 Yes 16%
Disaster 1 0.016129 51 0.822581 − 9.0994 0 Yes 2%
Scorching heat 5 0.080645 59 0.951613 − 9.7037 0 Yes 8%
n = 62 Spearman’s Rho R value is − 0.55858 and statistically insignificant association
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capability. However, in some cases, immigrants may turn 
into a conflicting party. Despite the fastest growing popula-
tion of Pakistan, total agricultural land for last 50 years has 
been the same, as shown in Fig. 17. The population per-
centage involved in agriculture has also reduced (Mahmood 

et al. 2016). However, it is safe to say that machinery and 
technology have increased. Simultaneously, farmers are get-
ting lesser value for crops which they grow due to feudal 
monopoly, rendering agricultural sector unattractive for 
newly emerging youth. Wishing for a better livelihood as 
basic human instinct, youth turns towards attractive urban 
centers in search of employment, knowing little about actual 
unemployed and over-capacitated profile of cities. This wide 
influx leaves thousands of people unemployed, giving birth 
to numerous social evils. Local survey and interview results 
discovered these conditions along with a significant number 
of regional conflicts occurring due to multiple consequences 
of climate change.

In Karachi, the climate refugees from interior rural 
areas migrate towards urban areas in search of better life-
style due to degraded socioeconomic conditions in rural 
areas resulted from climate change impacts. This increas-
ing emigration of small population and ethnological 
minorities from other areas coupled with exponentially 
growing population are causing environmental and social 
degradation. Such receiving regions can periodically 

Table 9  Basic important indicators and Statistics of Pakistan Source: 
World Bank Development indicators—http://data.world bank.org/

Socio-economic factors, demographics, and relevant indicators are 
essential to understand a reliable nexus of climate change and social 
interactions

Population (UN DESA, 2016) Million people 193.2 million

Urban % Total population 37.860
Rural % Total population 62.140
Urban population growth % Annual 2.799
Population density People/km2 236.3
GDP per capita Per capita US$ 1275.30
Social expenditure Million US$ 9028
Gross savings Million US$ 48,878.278
Total reserves Million US$ 5155.989

Table 10  Various indicators 
outlining the country profile for 
Pakistan

These indicators play an essential role in determining the country’s capacity for resilience against calami-
ties. Source: Various databases were accessed to collect the data in tabulated form as mentioned in the 
table

Indicator Value Source

International migrants 3.4 Million (UN DESA, 2017)
International migrant stock 1.7% (UN DESA, 2017)
Females in international immigrant stock 48.7% (UN DESA, 2017)
International migrants ≤ 19 years 6.6% (UN DESA, 2017)
International migrants ≥ 65 years 8.8% (UN DESA, 2017)
Total refugees (forced migration) 1.55 Million (UNHCR, 2016)
Human development index ranking 147 Rank (UNDP, 2015)
Unemployment rate 5.9% (ILO, 2017)
Youth unemployment 10.8% (ILO, 2017)
Total population projection for 2050 (medium variant) 306.9 Million (UN DESA, 2017)
Population living in urban areas 39.2% (UN DESA, 2016)

Table 11  Average annual loss by hazard to conduct probabilistic risk 
assessment for Pakistan. GFCF is for Gross Fixed Capital formation 
includes different land improvements, social expenditure is the gov-
ernment’s annual expenses on social areas, and total reserves indicate 

that the total reserves minus the gold comprise special drawing rights 
of the country. Source: GFCF; Gross Savings, Absolute & Total 
Reserves: World bank Development indicators; Social exp: Interna-
tional Labour Organisation

Hazard GFCF [%] Gross savings [%] Absolute [Million 
US$]

Social exp [%] Total reserves [%]

Earthquake 0.911 0.557 272.05 3.013 5.276
Wind 0.025 0.015 7.50 0.083 0.145
Storm surge 0.061 0.037 18.10 0.200 0.351
Tsunami 0.001 0.000 0.17 0.002 0.003
Flood 3.448 2.107 1029.80 11.407 19.973
Multi-hazard 4.445 2.716 1327.62 14.706 25.749

http://data.worldbank.org/
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experience violence with prevalent tension between dif-
ferent ethnic groups (Suhrke and Hazarika 1993). Kara-
chi being host region is home to diverse ethnic, racial, 
political, and religious groups. Crossing threshold limit, 
the population is subjected to resource scarcity, extreme 
water shortage, lack of planned urban infrastructure, and 

mass unemployment. This puts psychological stress on 
mass scale resulting in an uncontrolled conflicts situation 
between different ethnic groups (Wright 1991).

Fig. 11  Profile of Pakistan in terms of vulnerability risk in the region based on INFORM Model 2018 scores. Source: index for risk management 
2018 http://www.infor m-index .org

Table 12  Highest and lowest 
five risk indicators for Pakistan 
ranking based on the scores 
obtained from INFORM model 
2018 for Pakistan Source: http://
www.infor m-index .org

The approach builds on understanding of a significant relationship between conflicts and certain factors 
pertaining to climate change

Highest five risk indicators

Indicator Rank Score

Violent conflicts probability 9 10.00 Violent conflicts probability score
U5UW 8 7.00 Children underweight
Physical exposure to earthquake MMI VI (abso-

lute)—raw
4 10.00 Physical exposure to earthquake MMI 

VIII (absolute)
Physical exposure to flood (absolute)—raw 4 10.00 Physical exposure to flood (absolute)
Conflicts Barometer National Power 2 10.00 Current national power conflicts
lowest five risk indicators
Indicator Rank Score
People affected by droughts (relative)—raw 79 0.10 PEOPLE affected by droughts (relative)
Agriculture stress index probability 46 6.10 Agriculture drought probability
Domestic food price-level index 25 6.80 Domestic food price-level index
Conflicts barometer subnational 14 7.00 Current subnational conflicts
Conflict barometer national power 2 10.00 Current national power conflicts

http://www.inform-index.org
http://www.inform-index.org
http://www.inform-index.org
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6.8  Sea Intrusion

For scrutinizing Pakistan’s coastal region, area of Thatta, 
Badin, and Karachi are focused on the map to properly 
observe the impacts of sea-level rise comparatively. The vast 
land area has witnessed sea intrusion in Thatta and Badin 
(Khan 2012). The maps show the impact of sea-level rise at 
0 m, 1 m, 2 m, and 4 m of sea-level rise in the region, as sea-
level rise up to 6.5 feet is predicted to be experienced. The 
data for sea-level rise model are mapped in figures above, 

showing the alarming levels of sea intrusion in inflicted 
coasts. The coastal area of Pakistan includes Sindh coast 
stretching 350 km and Baluchistan coast stretching 770 km.

According to these maps in Fig. 18, Sindh Coast being at 
declination will be most affected conclusively, while Balu-
chistan coast will be mostly intact. Nevertheless, Sindh coast 
is the most developed and most densely populated one. An 
astoundingly dense population resides in Karachi. It also 
includes two major ports, handling up to 80% of Pakistan’s 
sea trade. Thatta and Badin are also highly endangered as 

Fig. 12  Frequency of events in 
Pakistan reported on interna-
tional level from 1990–2014 
data. Various factors pertaining 
to climate change in Pakistan 
with the estimation of past 
losses caused in Pakistan. 
These shares help in predicting 
the expected future losses for 
improved resilience. Source: 
EM-DAT International Disaster 
Database http://www.emdat .be

Fig. 13  Hazard and Exposure Aspect Subdivisions for Pakistan. The 
chosen indicators in this graph are the most important factors related 
to climate change and conflicts nexus. The value represents the risk 
significance for Pakistan in various sectors. Source: index for risk 

management 2018. The data were acquired from the source database 
and figure was made using AM Charts editor available on amcharts.
com

http://www.emdat.be
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shown. Several villages and communities reside in these 
areas are prey to dire poverty and depends on nature for 
livelihood (Gill et al. 2012). Sea intrusion in these areas will 
cause the demolition of their livelihood infrastructure and 
most probably force them to migrate to other safer regions. 

With their poverty status, the populations will not be able to 
endure the disaster shock or to take mitigation action. Many 
areas of these districts are already claimed and swallowed 
by the unkind sea, while many face soil degradation and 
tidal sea intrusion. Similarly, the population of the megacity 

Fig. 14  Vulnerability Aspect Subdivisions for Pakistan. The cho-
sen indicators in this graph explain the vulnerability of Pakistan in 
terms of disaster resilience. The value represents the risk significance 

for Pakistan in various sectors. Source: Index for Risk Management 
2018. The data were acquired from the source database and figure 
was made using AM Charts editor available on amcharts.com

Fig. 15  Lack of Coping Capacity for Pakistan. The indicators in this 
graph outline the lack of coping capacity at times of climate change 
disasters for Pakistan. The higher value represents greater lack in 

each subdivision. Source: index for risk management 2018. The data 
were acquired from the source database and figure was made using 
AM Charts editor available on amcharts.com
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Table 13  Countries within the 
same class as Pakistan having 
similar profiles in the three 
aspects of vulnerability defined 
by UNISDR, i.e., hazard, 
vulnerability, and coping 
capacity

InfoRM indicates the overall country score defined by all three aspects. Source: Index for Risk Manage-
ment 2018

Country InfoRM Hazard Vulnerability Coping capacity

Democratic Republic of Congo 7.10 6.20 7.30 8.00
Sudan 7.00 7.20 6.70 7.00
Syrian Arab Republic 6.90 8.50 6.90 5.70
Iraq 6.80 7.60 6.10 6.90
Myanmar 6.40 7.50 5.50 6.40
Pakistan* 6.40 9.00 5.20 5.70
Nigeria 6.30 6.90 5.50 6.50
Haiti 6.30 5.70 5.80 7.40
Ethiopia 6.30 5.50 6.60 6.80
Cameroon 6.20 6.80 5.80 5.90
Libya 6.00 8.40 3.90 6.70

Fig. 16  Natural resource depletion (gray) and forest depletion (red) (% of GNI) Source: world development indicators

Fig. 17  Agricultural land sq. km. Source: world development indicators
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Karachi will be a prime target in this regard. Migration of 
such dense proportion of the population can cause extreme 
conditions of violence and conflicts (O’Malley 2018). Con-
ditions can cause civil unrest, insurgency, civil pressure on 

governmental and responsible bodies, and shutdown of the 
country’s economic transaction, which highly depends on 
this region. Residence of such a large portion of the high-
lighted population will be one of the initial challenges. 

Fig. 18  Comparative geospatial analysis for sea-level rise at Sindh coast
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With negligible attention over these threats, policymakers 
are focusing more on mitigation and lack acute adaptation 
strategy. Senate’s Committee of Science and technology 
warned the officials in 2015, via letter to prime minister, 
sharply stating that sea will claim financial center Karachi 
by 2060, and already drowning Thatta and Badin region 
will be underwater in 2050 (Ali 2015). The warning urged 
officials to take urgent action pertinently, along with rec-
ommendations on putting the case forward and allocating 
resources to authorities for research to find solutions and 
taking mitigation measures. Karachi accommodating 20 mil-
lion people was declared the prime focus, with a demand 
for timely measures. The report also linked damming in the 
Indus Delta to increased cyclones and coastal erosion due to 
the reduction in river discharge and highlighted the resulting 
migration of local communities from that region in thou-
sands (Rasul et al. 2012). Some studies calculate that 2.2 
million acres of farmland are claimed by the sea in Badin 
and Thatta. A wall stretched to 225 km of the coastal region 
is pledged to be built along affected Thatta and Badin region, 
and building a 220 km wide road along the coastline is being 
considered as a mitigation measure (Butt 2015).

With close analysis, map reveals that 2 m rise in the sea 
level would sink some major important areas completely, 
including outskirts of Karachi, Clifton, Keti bander, Badin, 
Shah Bandar, Kharo Chan, Shah Aqeeq, Mahro Kotri, Mir-
pur Sakro, Gharo, Port Mohammed Bin Qasim, Abu Dhabi 
Palace, and Hunting Ground. Buddo Island and Bundle 
Island will be entirely submerged.

Increasing population and subsequent resource deple-
tion in Pakistan are inducing events of displacement and 
posing security threats to Pakistan in several ways (Barnett 
2003). Navigating the complexities of these relationships 
and exploring further on several things is important to evalu-
ate links between displacement, resource depletion, and cli-
mate change and conflicts (Null and Risi 2016). Analyzing 
how these factors come into play in Pakistan will strengthen 
the climate change policy responses, security infrastructure 
and conflict resolution system (Jehn 1997) studied how 
conflicts are almost always caused due to a complex chain 
of dependent and independent events, while environmental 
and climatic change can interweave in this complex chain 
(Collier 2000; Homer-Dixon 1991). To understand it bet-
ter, it is important to take into account the political, social, 
environmental, economic, and demographic drivers that are 
functional in Pakistan (Pedersen 2002).

6.8.1  Hypothesis 1

“Lack of resources due to climate change can lead to two 
outcomes, either population fights over remaining resources 
resulting in dispute, or one group can migrate to another 
region which could arise conflicts between host group and 

immigrant group. Climate change can cause conflicts in both 
ways in Pakistan”.

6.8.2  Justification

Consequences of climate change will impact already dwin-
dling resources due to rapidly growing populations and 
increasing needs. All resources have their own importance. 
However, water, land, energy, and food are considered key 
resources for the survival of human beings, which are all 
threatened by impacts of climate change (Pimentel and 
Pimentel 2007). The demand for resources is currently 
greater than carrying capacity and sustainable level, which 
is expected to increase in a more populous world in future.

According to studies, low-level disputes over resources 
already exist in Pakistan (Blondel 2012). The interviews 
and surveys from the local rural communities confirmed 
the presence of conflicts due to factors associated with cli-
mate change. These resource-based conflicts in the region 
are fueled by climate change and its consequences. Local 
disputes occur regularly in Pakistan (Wood 1994) but are 
usually neglected, or lack of study and literacy cause failure 
to recognize it as a potential outcome of climate change. 
While there is lack of study and research, numerous studies 
based on the cases of African countries of similar geographi-
cal and economical profile to Pakistan link climate change to 
natural resource dispute, violent dispute, and climate change 
consequences on resource scarcity that lead to extreme dis-
putes and violence (Adano and Daudi 2012; Messer 2010; 
Mwiturubani and Van Wyk 2010). Resource scarcity, food 
crisis, and fluctuating price of food and energy can also cre-
ate conditions of dispute in Pakistan (Messer et al. 1998). 
The disputes may be due to resource scarcity, group identity, 
and relative depletion. However, in some cases of migration 
in the world, it is observed that immigrants are welcomed in 
the receiving area and tend to live harmoniously in coopera-
tion in the host region (Buonfino 2004). In case of Pakistan, 
the diverse roots of ethnic, racial, cultural, and religious 
boundaries may not allow migrants of a new community to 
occupy and live peacefully with a differently entitled host 
community. This can force the suffering community to move 
to an entirely intact region with no infrastructure to support 
the human lifestyle (Mileti 1999).

6.8.3  Hypothesis 2

“Does climate change cause violence and armed disputes 
in climate change hotspots of Pakistan? Various violent 
disputes, terrorist activities, and extremism in Pakistan are 
outcomes of widespread roots of climate change impact, or 
at least indirectly linked to consequences of climate change, 
like resource depletion, negative impacts, and different 
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losses due to climate change. The impacts of climate change 
may also work as regulating factors for these disputes”.

6.8.4  Justification

Studies reveal that disputes over already present ethnic, reli-
gious, and social rivalries are being intensified because of 
the climate change (Radu 2010). Another study links the 
impacts of floods in Pakistan in 2010 to violent disputes 
among Islamists, Baluch Separatist dispute, and racial 
disputes in Karachi (Ghimire and Ferreira 2016). Recent 
floods which were believed to be induced by climate change 
received poor disaster relief and mitigation action from gov-
ernment, creating a deleterious picture of democratic gov-
ernment and enthusiastic image for army, military, and other 
Islamic groups. It is suggested that disputes arising due to 
climate change are linked to how strong democratization of 
a country is. Dispute incidences are lesser in countries with 
strong democratic systems. In the case of Pakistan, the dem-
ocratic system is vulnerable due to the civilian opposition 
as well as lack of performance in these matters, which make 
it more vulnerable to disputes induced by climate change 
(Skjonsberg 2015). A study suggests that development can 
serve as a mitigation action in reducing this vulnerability 
(Helmer and Hilhorst 2006). For example, technological 
improvement can pave the way for conflicts due to the scar-
city of some resources, i.e., disputes over freshwater can 
be mitigated by application of desalination technology to 
retrieve freshwater. Another study suggests that terrorist 
activities prevail more in conditions of reduced capacity 
and increasing poverty, both of which are fueled by climate 
change (Smith 2007). This could make government weaker 
and terrorism activities more evident. A study indicates that 
areas of Pakistan that are most severely affected by climatic 
disasters, i.e., floods are sites of insurgency against the gov-
ernment, such as Baluchistan districts and Frontier regions 
(Radu 2010).

The West Frontier region of Pakistan has been prone to 
terrorist activities and dispute situations for various geopo-
litical factors and induction of terrorist groups involved in 
international terror, counterterror, and political stress, i.e., 
Afghanistan and USA. Religious extremism is also charac-
teristic of the region for the last few decades.

Karachi is usually prey to ethnic, racial, and sectarian 
disputes. Rapidly growing population, dense settlements, 
illegal housing, ill-structured towns, uncontrolled vehicular 
traffic, and industrial activity put psychological and ecologi-
cal pressure on the population (Hussain 2010).

Disputes in Baluchistan mostly consist of separatist and 
secular disputes. However, religious, sectorial, and ethnic 
disputes are also observed. Racial disputes are common 
in the region. People, militants, and extremists are intoler-
ant to people of other races in the area. The population of 

Baluchistan is mainly poor; hence, literacy is low. More than 
46% of the population lives below the poverty line.

The region is not thickly populated and holds only 5% 
of the total population of Pakistan despite being the largest 
province of the country. For this reason, the socio-economic 
profile of the region is lower than in the other provinces, due 
to lack of trade and other economic activities. Nevertheless, 
Baluchistan is full and rich in valuable natural resources 
which government often makes use of. Therefore, many 
Baloch groups consider government a threat at the political 
and racial levels, as their resources are continually utilized 
by the government, but regional development activities lag 
greatly (Waseen and Mufti 2009).

Although climate change has evident relationship with 
disputes, there are other ethnopolitical factors associated 
with conflicts in this region. It is essential to consider these 
variables when estimating the extent of relation between cli-
mate change and disputes. In this regard, first, major civil 
disturbance in Karachi was observed in 1985, claiming 100 
lives (Gayer 2007). Target killing had become common in 
the city before recent actions and indulgence of Pakistan 
army left Karachi with a relatively peaceful profile. How-
ever, it is quite evident that such incidents of target killings, 
kidnappings, and extortion rackets in the region result from 
very active political influence in Karachi, in combination 
with criminal activities (Yusuf 2012). Access to a big num-
ber of illegal weapons in Karachi is explained in a study 
which points to several other factors and links it to the geo-
political situation of Afghan War (Masood and Imtiaz 2010). 
In addition, sectorial, racial, and inter-ethnic disputes of 
Karachi are accounted for its wide racial diversity. Karachi 
is highly vulnerable to climate change and can face drastic 
impacts of climate change followed by an extremely violent 
dispute in future in the absence of adaptation and mitigation. 
However, certain dispute situation of Karachi, along with all 
the terrorist activities, target killings, extortion rackets, and 
civil disorder is purely due to other variables such as politi-
cal recreation, inside jobs, individual businesses, and crimi-
nal activities, etc., which are all common in such metropoli-
tan cities globally (Yusuf 2012). In the scope of research, 
it is important to filter these two overlapping situations of 
Karachi, and crucial to classify each dispute situation in 
Karachi as whether induced by climate change or by other 
factors. It will be, therefore, misinforming and misguiding 
if we remove that from the equation. Actions over these two 
situations are two different subjects.

Dispute situations in Baluchistan have not been uniform 
due to several factors. Three major insurgencies were con-
tended by the military action. In 1973 alone, more than 3000 
soldiers died. The animosity between Baloch and govern-
ment has given rise to civil disorder, independence move-
ments, and anti-government campaigns. A movement in 
2005 claimed hundreds of lives and caused thousands to 
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migrate. Tremendous indulgences of neighboring animosi-
ties create inevitable unrest. A report highlights that local 
and international media are not allowed to access the region 
(Unrepresented Nations and Peoples Organization 2009). 
The region of Baluchistan is resource rich and it is quite 
protected from the impacts of sea intrusion. However, the 
land is mostly desert with a very little population that lives 
a tough life. The local population fears that external indul-
gences will invade their resource-rich lands, which becomes 
the primary reason for extremism in the region.

Frontier region often faces military action due to frequent 
insurgency and terrorism. Several groups easily exploit the 
region for insurgent and terrorist movements in pursuit of 
different motives and demands. Their prime objective may 
be criminal activities, smuggling, blackmailing the govern-
ment, capturing the resources, international politics, terror-
ism, or resisting an externality. Hundreds of drone attacks 
by the US military have taken thousands of civilian lives 
regionally in the previous decade, which is one major rea-
son for an exponential increase in the number of disputes in 
the region (Shah 2010). Apart from casualties and deaths, 
a massive displacement of 2 million people is observed in 
the region. Several methods of attack, violence, and dispute 
are commonly used, including drones, air strikes, kidnap-
pings, bomb blasting, executions, revolt, and suicide attacks 
in public places, residential areas, mosques, and schools. 
The nature of these violent activities is majorly political, 
due to international indulgence, based on individual inter-
ests, propaganda, and international indoctrination. There-
fore, various external factors contribute to violent conflicts. 
Since there are shreds of evidence on how climate change 
can induce or aggravate terrorism and violent disputes, fur-
ther research can establish deeper correlations which should 
be co-factored and significantly considered.

6.8.5  Hypothesis 3

“Conflicts hotspots with high population density have 
greater chances of dispute and security issues due to climate 
change, while conflicts hotspots with low population density 
have lesser. Similarly, low-income populations have a higher 
risk of climate-induced disputes than hotspot populations of 
high income. Many other demographic and socio-economic 
factors may play significant roles in determining the risk of 
climate-induced disputes.”

6.8.6  Justification

Population and dispute are new dimension in demographic 
dynamics. Several studies link growths of the population 
and population density to dispute scenarios and wars (Tir 
and Diehl 1998). Another report concludes that demo-
graphic factors of a region can also add to the calculation 

of conflicting behavior among people both in small scale 
and large scale (Choucri 1983). According to some results, 
age structure characteristic of the population is a powerful 
factor when it comes to predicting tendencies of violence in 
communities. Some studies make it evident that a greater 
number of youth in the population tend to create the condi-
tions of unemployment and other factors, which increases 
the propensity for violence, stress, and dispute (Castles et al. 
2013). The age structure also impacts the determination of 
political agenda and processes of community. Age structure 
of Pakistan is also quite relevant to factors inclined towards 
creating dispute and violent conditions. However, there is 
a complex, interactive, dynamic, and responsive relation-
ship between conflicts and population dynamics, through 
which these demographic factors play a part. The links are 
not straight and direct, but always interactive, and needs a 
special in-depth study of a particular region in this regard. 
It is studied that population size, density, and growth are not 
causes of violence and conflicts single-handedly unless other 
actors work together with this factor. These conditions may 
be related to health, pathological, economic, and natural fac-
tors, and other conditions due to climate change. The conclu-
sive study of information, therefore, suggests that disputes 
arising due to climate change will most probably be greater 
in high population density regions as compared to those of 
low population density in Pakistan. However, this is not the 
only variable that functions in the matter of disputes due to 
climate change. Some low population areas may face higher 
rates of environmental and climate-induced disputes than the 
high population areas, due to several other reasons. Many 
areas in Pakistan are low populated despite being resource 
rich and resilient to climate change and environmental deg-
radation. In many cases, this is due to political and ethnic 
influences and hostilities. Therefore, it is important to con-
sider all variables while studying the effect of population 
dynamics on climate change-induced disputes in Pakistan. 
Some other factors may include the resource profile of the 
region, access to technology, political, educational, and 
socio-economic profile, the status of racial, religious, and 
ethnic discrimination (Modood 2004).

7  Outcome of Surveys

Surveys and interviews significantly supported that the fre-
quency of the disasters such as droughts, heatwaves, floods, 
and diseases has increased in the study area and significantly 
affects the lives of local communities. It was also highlighted 
that the majority of conflicts in the region are due to over-
population, economic competition, acquisition of land and 
resources, and migration. These factors are closely linked 
with the consequences of climate change. Moreover, highly 
significant majority of respondents admitted that factors 
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aggravated by climate change, such as scorching heat, 
financial crisis, unavailability of water, sickness, competi-
tion over limited resources, and experiencing disaster situ-
ation can significantly increase their tendency to fight or 
have conflicts. It was also found that socioeconomic chal-
lenges, resource depletion, immigrants, and water scarcity 
are perceived as the most common causes of conflicts in 
the region. The results are also reflective to the question 
whether quantitative evaluation is a good way to approach 
this subject or not.

8  Conclusion

Data presented in the study indicate that Pakistan has the 
highest risk value for conflicts and human exposure to these 
risks (10 out of 10 risk value). It was also evident from data 
that vulnerable groups (6.5/10 risk value) and uprooted peo-
ple (8/10 risk value) due to climate change have the highest 
vulnerability risk value. The local communities of study area 
are at high risk of development deprivation and socioeco-
nomic challenges (6/10 risk value). On a scale from 1 to 10, 
Pakistan overall has the hazard, vulnerability and lack of 
coping capacity values of 9.00, 5.20, and 5.70, respectively. 
The study area is highly vulnerable to flooding in the next 
few decades according to the geospatial analysis, and several 
villages will consequently be displaced. The survey results 
indicated that certain indicators of relationship between cli-
mate change and conflicts are statistically significant.

There is a significant causal relationship between climate 
change, migration, and violent dispute. Over population 
together with resource depletion serve as catalyzing factors 
for climate change migration and dispute. Data on the sub-
ject for Pakistan are significantly lacking. However, it can be 
significantly established that climate change-induced migra-
tion and the violent dispute are a reality in Pakistan, with 
potential to induct further economic losses in the future. 
Certainly, more research is required on how climatic vari-
ability is deeply rooted in the causes of resource depletion 
and disputes, and how the impacts can secondarily justify 
increasing migration in Pakistan. Policymakers should con-
sider introducing the regulatory system, resource conserva-
tion, prevention, and mitigation and adaptation strategies in 
light of following recommendations.

9  Recommendations

• The absence of official conflicts resolution body should 
be highlighted as it is the basis of many actions that may 
be required.

• Increasing resilience of communities by encouraging 
rural development, to prevent people to migrate towards 

urban shine and strengthen their adaptability, including 
policies focused on ensuring food security and improved 
livelihood opportunities.

• Better infrastructures should be provided to climate refu-
gees, basic for survival including boreholes, improved 
roads, water management, storage, and sustainability. 
Relief centers should also be established.

• Water storage facilities and management, managed aqui-
fer recharge and other economical technologies to store 
maximum rainwater should be made.

• Famine and drought-stricken people, and climate refu-
gees should be provided with systems like lost income 
replacement and crop insurance systems.

• Climate disaster victims should be treated at home 
regions, the safety of relief camps should be ensured, 
and micro-credits should be provided.

• In the case of Karachi, adaptation measures should 
include the improvement of coastal communities, build-
ing sea walls, and population displacement support pro-
grams.
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Abstract
The study examined Pakistan’s livestock sector to assess the scale of GHG emissions and identified feasible technical inter-
ventions through which GHG particularly methane can potentially be reduced. Life Cycle Assessment of emissions from 
livestock production supply chain for the year 2014 was performed using Global Livestock Environment Assessment Model 
(GLEAM-i, version 2) developed by FAO. Annual emissions from the livestock sector were estimated at 404.2 million ton 
 CO2 eq., representing carbon dioxide 6.6%, methane 70.6% and nitrous oxide 22.8%. Enteric methane averaged 63.4% of total 
emissions. Feed production and processing, manure management and energy use contributed 25%, 11% and 1%, respectively 
to the total sector emissions. Carbon footprint of milk from cows and buffalo was 184.9 against global average of 110.0 kg 
 CO2-eq/kg milk protein and that of beef and mutton was 606.4 against the global average of 235  CO2-eq/kg meat protein. The 
emission intensity of chicken meat and eggs were lowest 49.6 and 20.8 kg  CO2-eq/kg protein, respectively and compared to 
global averages. Buffaloes produced maximum GHG followed by cattle, goats, sheep and poultry. Mitigation interventions 
in the form of improved fodder, herd heath and genetics reduced methane intensity ranging from 14.6 to 43.2% compared 
to baseline. This was associated with 25–100% increase in milk yield and 10–65% in meat supply above baseline scenarios. 
The strong inverse correlation between methane intensity and milk yield suggested that efforts to enhance productivity 
reduce carbon footprint of the livestock products thus achieving the dual goals of protecting environment and food security.

Keywords GHG emissions · Methane · Mitigation · Livestock production systems · Pakistan

1 Introduction

The role of livestock in achieving food security and rural 
poverty reduction is well recognized (FAO, 2009; Hristov 
et al. 2013). However, in the face of 70% rise in demand for 
animal source food to the year 2050 and that most of this 
increase shall require to enhance livestock yield by 60–80% 
(Alexandratos and Bruinsma 2012; FAO 2016) poses a key 
issue for sustainable development of the livestock sector. 
The situation is more challenging in developing countries 
including Pakistan where the natural resources are limited 
and adverse impact of climate change on agricultural pro-
ductivity is getting pronounced. Livestock is regarded both 
as culprit and victim of climate change. Globally this sector 

contributes to 14.5% of total human-induced GHG emissions 
(IPCC 2014b) and represents over 80% of the total emission 
from agriculture sector (Tubiello et al. 2013) highlighting 
the fact that emissions related to direct human consumption 
of food crops is 20% compared to 80% from livestock.

Methane which is 21 times more potent than carbon diox-
ide is the single most abundant emission from ruminant ani-
mals and share 90% of the net sector emission. Methane 
accounted for about 16 percent of global greenhouse gas 
emissions in 2015 and during last decade has risen sharply 
in rapidly developing regions of Asia (IPCC 2014a). More 
recent revised calculation show that methane emission from 
livestock is 11% higher than was estimated previously (Wolf 
et al. 2017) posing an additional challenge in the struggle to 
restrain global warming.

Pakistan holds livestock number over 186  millions 
growing at unchecked average rate of 3.3% annually. The 
predominant smallholder system where more than 80% 
of the livestock is fragmented in small units of less than 
five in number poses a big challenge in implementation of 
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development activities. Based on the assessment performed 
elsewhere under similar farming systems (FAO 2017), the 
increasing number with poor productivity of livestock in 
Pakistan is supposed to emit large amount of GHG than nor-
mally perceived. There has been no focused study conducted 
in Pakistan on assessment of emissions from livestock sup-
ply chain. The information published in various international 
and national reports appear superficial and incomplete and 
estimated with simple approach without recognizing the 
complex multilateral aspects of livestock farming in Paki-
stan. This questions the validity of national emission data for 
agriculture which is at the fore front of the country’s INDCS 
as part of the global commitment to lessening of global 
warming. Although livestock as subsector of agriculture is 
blamed for large emissions, these can be reduced varying 
from 18 to 63% through efficiency improvement interven-
tions related to genetics, feeds and health as the fundamen-
tal biological pillar of livestock production systems (Jabbar 
and Ahuja 2017; Habib et al. 2016; Gerber et al. 2013a). 
The responses, however, vary among regions and countries 
depending on the livestock species, their numbers, produc-
tivity, farming systems and several other factors. Therefore, 
each country has to perform own investigations starting from 
the assessment of baseline emissions covering the whole 
livestock production supply chain. Livestock professionals in 
Pakistan have not yet generated such country level data. The 
present study was performed to quantify GHG emissions 
from livestock production supply chain at farm level with 
the objective to set a baseline of reference year 2014 for the 
country which could be further refined and updated periodi-
cally. The study also explored potential of various mitigation 
interventions as part of the future development plan. The 
ultimate aim is to provide evidence based information to 
concerned departments, ministry and policy makers in the 
country for helping formulating effective mitigation action 
plan for combating emissions from the agriculture sector.

2  Materials and Methods

Total GHG emissions from national livestock and poultry sec-
tor of Pakistan for the year 2014 were estimated from cradle to 
farm gate using the downloadable version-2 of Global Live-
stock Environmental Assessment Model (GLEAM-i 2016) 
developed by FAO. The system boundary of cradle to farm 
gate encompasses all backend processes in livestock and poul-
try production chain up to the farm gate where the animals or 
products leave the farm and include production and supply of 
farm inputs and on-farm production activities. GLEAM is a 
spatially explicit model that represents biophysical processes 
and activities along livestock supply chains using a life cycle 
assessment approach. The model quantifies GHG emissions 
resulting from production of the main livestock commodities 

such as milk and meat from cattle, buffalo, sheep and goats and 
eggs and meat from chicken in different production systems. 
The model estimate main sources of emissions such as carbon 
dioxide  (CO2), nitrous oxide  (N2O) and methane  (CH4) from 
feed production to enteric methane, manure emissions and 
embedded energy. The emissions are expressed in mass based 
 CO2-equivalents  (CO2-eq). The model calculates emission per 
unit of commodity protein referred as emission intensity. It 
considers typology of farming system. In case of ruminant 
livestock emissions from grazing system and mixed systems 
are assessed and for poultry the systems are differentiated into 
backyard and commercial broiler and layers. Detail particu-
lars and principles of the GLEAM are described by Gerber 
et al. (2013a) and Opio et al. (2013). The full description of 
GLEAM including variables and equations is also available 
from http://www.fao.org/gleam /resou rces.

Primary data on country’s animal numbers for the year 
2014 were estimated from the inter-census growth of live-
stock during 1996 and 2006 (GOP 1996, 2006). The data on 
herd structure, distribution of animals between the grazing 
and mixed production systems, feed resources and feeding 
practices were extracted from the country report (FAO 2013, 
Unpublished). Data on reproduction parameters, per animal 
milk yield, body weight, mortality and ration composition 
were obtained from various national reports and literature and 
further verified through consultation with local subject experts. 
The assessment does not include land use change related to 
pasture expansion because of non-availability of local specific 
data. All milk was converted to fat and protein corrected milk 
(FPCM) with 4.0% fat and 3.3% protein, using the following 
formula (FAO 2010);

For investigating potential of mitigation options, three inter-
ventions pertaining to feed, health and breed were selected 
and evaluated individually and in combination as a “pack-
age” in dairy cows and buffaloes. Data and information on the 
impact of selected interventions on productive, reproductive 
and health performance of dairy animals were extracted from 
literature, reports and through personal communication with 
the local experts. Separate calculations on GLEAM were per-
formed for the baseline scenario and then for each mitigation 
intervention. Carbon footprint of milk and meat and changes 
in their yield were compared to the baseline scenario. The 
criteria used for selecting interventions included the potential 
for improving production efficiency, feasibility of adoption by 
local farmers and the potential to reduce total GHG and enteric 
methane emission intensities under current farm condition in 
the country.

FPCM kg = (raw milk kg × (0.337 + 0.116 × fat contents%

+ 0.06 × protein contents% )

http://www.fao.org/gleam/resources
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3  Results and Discussion

3.1  Quantification of GHG Emissions

Total GHG emission from the livestock and poultry sector in 
Pakistan during the year 2014 was estimated at 404.2 million 
ton and composed of  CO2 6.6%,  N2O 22.8% and  CH4 70.6%. 
Methane and  N2O, as the dominant emissions, have more 
powerful global warming impact compared to  CO2 (IPCC 
2014b).The major sources that contributed to livestock emis-
sions on  CO2-eq basis were enteric  CH4 63%, feed related 
emission 25%, manure management 11% and energy use 1% 
(Fig. 1). The present estimate of net emissions from coun-
try’s livestock is much higher than reported by Kaleem and 
Ijaz (2016) and the difference is due to methodology used. 
Kaleem and Ijaz (2016) used Tier one approach by multiply-
ing livestock numbers with fixed emission factors according 
to guidelines of IPCC (1997). While in the present study a 
Tier two simulation tool GLEAM developed by FAO spe-
cifically for livestock was used. The inventories calculated 
with Tier one method provide crude estimate of livestock 
emissions. Tier two based inventories use information on 
the animal’s feed intake or gross energy intake to estimate 
emissions and closely reflect country’s farming system and 
productivity (GRA 2016).

In line with the present findings, globally  CH4 is consid-
ered as the principal GHG produced by livestock (Gerber 
et al. 2013a, Opio et al. 2013). Two major sources of  CH4 
in livestock farming include that arising from feed digestion 
and generated during manure storage. These together were 
estimated at 285.3 million ton or 71% of sector total emis-
sion with a 90% share coming from enteric fermentation. 
These findings closely agree with Gerber et al. (2013a) who 
reported that globally about 90% of the  CH4 was produced 

by digestive fermentation in the ruminant livestock and 10% 
sourced from the management of stored manure. Garg et al. 
(2016) estimated enteric  CH4 from dairy cattle and buffalo 
in India ranged from 66.8 to 78.7% of total emission. Enteric 
 CH4 represents losses of energy to animals (Hristov et al. 
2013) and add to lowering productivity. Wide variation in 
 CH4 emission experienced with current livestock raising 
systems in the country suggests large opportunity for miti-
gation achievable through improved feeding. Both  CH4 and 
 N2O emissions from manure can be reduced through proper 
storage and processing techniques but such end of the pipe 
mitigations may not be a priority at present where culminat-
ing sources of these GHG deserve the primary focus. Feed 
processing and transportation generated significant emission 
and accounted for 25% of the sector net emissions. Because 
of large number of ruminant livestock and greater volume 
of land based feed they consume, the feed processing and 
transportation related emissions were double of that associ-
ated with poultry production. The carbon footprint of direct 
and indirect energy use was minimal to the extent of 1% of 
total emissions and about two-third was sourced from dairy 
production. In contrast, energy use contributed 20% to the 
total sector emission at global level (Gerber et al. 2013a) and 
may explain the high energy use in industrialized livestock 
systems of developed countries included in the assessment.

Results in Table 1 summarize  CH4 emission by produc-
tion systems. Cattle and buffalo in the mixed crop-livestock 
system while sheep and goats in the grazing system were 
responsible for higher  CH4 emission.

The higher emission in mixed system was associated with 
better productivity while poor feed supply in the grazing 
system attributed to elevated  CH4 emission. Overall spe-
cies comparison revealed that buffaloes were responsible 
for producing major part (51%) of the net  CH4 emission 
followed by cattle. Sheep and goats produced to a minimum 
extent and shared 3.3–12.6% while contribution by poultry 
production was negligible (0.02%). This trend was parallel to 
absolute annual GHG emission per animal calculated as 3.9, 
5.6, 0.3, 0.7 and 0.1 1000 ton  CO2-eq, in cattle, buffaloes, 
sheep, goats and poultry, respectively. Garg et al. (2016) 
also found that total GHG and  CH4 emissions from buffaloes 
were higher than cattle in Indian dairy system.

Feed
25%

Enteric 
Fermentation

63%

Manure
Management

11%

Energy use
1%

Fig. 1  GHG emission  (CO2-eq.) by source from livestock sector of 
Pakistan

Table 1  Methane emissions (million ton  CO2-eq) from livestock in 
grazing and mixed systems

Grazing system Mixed system Total Share %

Cattle 25.41 56.97 82.38 32.2
Buffalo 13.05 119.94 132.99 51.9
Sheep 7.30 1.09 8.39 3.3
Goats 22.34 9.97 32.31 12.6
Total 68.10 187.97 256.07 100.0
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3.2  Productivity and Emission Intensities

Annual yield of milk and meat is reported in Table 2. Fat and 
protein corrected milk (FPCM) was estimated at 65.5 mil-
lion ton. Meat was supplied from both dairy and non-dairy 
systems estimated at 2.6 million ton annually.

These national estimates are close to the values reported 
officially for the same year 2014 (GOP 2014-15). Meat in 
the dairy system is a co-product and sourced from surplus 
adult and growing cattle and buffaloes and culled animals 
while in the non-dairy system the herds are primarily man-
aged for meat production. Due to relatively large number of 
livestock and better feeding and reproductive management, 
annual meat supply of 1.6 million ton from dairy system 
exceeded that of non-dairy herd (1.1 million ton). Several 
reasons contributed to low performance of animals in the 
non-dairy systems and included inadequate feed from poor 
grazing lands, high morbidity and mortality and poor fertil-
ity. In the nondairy system large herd sizes of unproduc-
tive animals are generally maintained for sale at need and 
serve as financial security for the farmers. As such number 
of heads rather than production output remains farmer’s 
choice in this system.

Emission intensity (EI) is the amount of GHG emissions 
generated per unit of commodity produced by the animals 
and explain carbon footprint of the product. As shown in 
Table 2, average EI of meat from dairy herds was 10 times 
lower than that of non-dairy herd (175.5 vs.1037.1  kg 
 CO2-eq/kg meat protein). This suggests that currently live-
stock in the nondairy system as meat producer are inefficient 
with high carbon footprint and marked as hotspot for mitiga-
tion. This may require shift from subsistence to specialized 
feedlot farming supported by access to market. The present 
estimate of EI of meat supply from both the systems was 
higher than global averages. Gerber et al. (2013a) reported 
average EI of beef and mutton was 290 and 180 kg  CO2-eq/
kg meat protein, respectively, while EI of milk from cows 
and small ruminants averaged 90 and 130 kg  CO2-eq/kg milk 
protein, respectively. The overall carbon footprint of mutton 
from small ruminants in both the systems was less than beef 
and supports the regional findings of Opio et al. (2013).The 
comparison explains high carbon footprint of producing milk 
and meat in Pakistan and warrant mitigation. The analysis 
also indicates that dairy system is more efficient than pure 
meat (non-dairy) system because dairy herds produce both 
milk and meat while non-dairy herd primarily supply meat.

Table 2  Annual production 
of milk and meat, total GHG 
emission and emission intensity 
in different species managed in 
two distinct production systems

a Fat and protein corrected milk (FPCM)
b Meat as carcass weight

Production systems Species Production Total emissions Average emission 
intensity

(× 1000 Tonnes) CO2-eq. × 1000 ton (kg  CO2-eq/kg 
protein)

aMilk bMeat Milk Meat

Dairy Cattle 24,799 687 109,523 156.2 197.4
Buffalo 39,444 687 128,248 205.6 173.9
Sheep 58 6 1027 190.1 130.1
Goats 1157 172 18,681 188.0 201.3
Total/Avg. 65,458 1552 257,479 184.9 175.7

Non- dairy Cattle – 161 30,196 – 1749.9
Buffalo – 364 70,415 – 1339.2
Sheep – 87 11,774 – 565.1
Goats – 401 31,619 – 494.1
Total/Avg. – 1014 144,004 – 1037.1

Table 3  Annual production and 
emission intensities of eggs and 
chicken meat production

Backyard Commercial 
broilers

Commercial 
layers

Total

Production eggs (× 1000 ton) 161 0 386 547
Production meat (× 1000 ton) 10 420 27 474
Total emissions  CO2-eq. (× 1000 ton) 614 945 1203 2762
Emission intensity egg (kg  CO2-eq/kg protein) 18.8 0 22.9 20.8
Emission intensity meat (kg  CO2-eq/kg protein) 82.4 24.8 41.6 49.6
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Poultry production contributed little (0.68%) to the total 
GHG emission and annually produced 474,000 ton chicken 
meat which accounted for 16% of total meat produced at 
country level. The average EI of poultry meat and eggs were 
49.6 and 20.8 kg  CO2-eq/kg commodity protein, respectively 
(Table 3) and compared close to global average EI of 40 and 
30 kg  CO2-eq/kg protein, respectively (Gerber et al. 2013a).

3.3  Mitigation Options

Methane from enteric fermentation is the single largest emis-
sion produced by ruminant livestock as discussed earlier and 
has been the focus of applying mitigation options by several 
workers (Garg et al. 2016; Gerber et al. 2013a; Pryce and 
Veerkamp 2010; Hristov et al. 2013; Knapp et al. 2014; Opio 
2017; Wolf et al. 2017). In the present study, three different 
mitigation interventions were investigated for their potential 
to reduce  CH4 emission in dairy cows and buffaloes in mixed 

crop-livestock system. These were identified as improved 
fodder supply, vaccination for preventive health care and 
breed improvement. A combination of all three interventions 
in the form of a single package was also evaluated. The cri-
teria for selecting the above options were based on relevancy 
to current dairy farming, adoptability and that these were 
included in the government action plan for dairy develop-
ment. Changes in enteric  CH4 emission intensity in response 
to the selected interventions are illustrated in Fig. 2. Asso-
ciated increase in milk and meat yields is shown in Fig. 3. 
Improving feed quality is considered as one of the most 
effective ways of mitigating enteric  CH4 emissions (Hristov 
et al. 2013, Opio 2017). According to Gerber et al. (2013a) 
an increase of 1% in digestibility due to improved feeding 
leads to a 4% increase in weight gain in young stock, 5% 
increase in milk yields and 4% decrease in age at first par-
turition. Based on this assumption a 40% increase in fodder 
supply in dairy rations reduced  CH4 intensity (kg  CO2-eq/

Fig. 2  Decrease in enteric 
methane emission intensity 
of fat-protein corrected milk 
(FPCM) in dairy cows and buf-
faloes compared to baseline in 
response to selected farm inter-
ventions in grazing and mixed 
crop-livestock systems
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kg milk protein) between 29.4 and 39.1% and was associ-
ated with 40% increase in milk yield compared to baseline. 
Garg et al. (2016) found that enteric  CH4 emissions (g/kg 
milk yield) was reduced by 15–20% in lactating cows when 
offered feed that was more digestible. Digestibility of poor 
quality feed can be improved through various chemical and 
biological treatments, but due to low farm compatibility, 
these were not adopted in past by local farmers. Enhancing 
fodder supply vertically using improved seeds is a viable and 
proven option to fill the wide yield gap (Dost 2003). 

Adequate health care increases herd productivity and 
reduce GHG emission by reducing mortality, morbidity, 
production losses and unproductive emissions from animals 
(FAO 2013; Hristov et al. 2013). We estimated that with 
preventive health care  CH4 intensity could be reduced by 
approximately 15% compared to baseline and would sup-
port 25% increase in milk yield. Enhancing genetic poten-
tial is universally considered most critical to dairy develop-
ment because it improves fertility, reduces puberty age and 
increases productivity. Assuming breed improvement would 
cause 50% increase in milk yield (Pryce and Veerkamp 
2010), the abatement in emission intensity of enteric  CH4 
in the present case ranged from 29.4 to 33.3% compared to 
baseline and was close the mitigation response obtained with 
improved fodder (Fig. 3). The findings indicate that enhanc-
ing the genetic potential of the animal has large scope as a 
mitigating strategy but it is equally important not to import 
high genetic potential animals into our local climates and 
management environments of smallholder system in rural 
areas where high-producing imported cows cannot attain 
their potential due to heat stress, health issues and inade-
quate feed supply. Cross breeding of local with exotic genet-
ics and selective breeding among native dairy breeds such 
as Sahiwal, Red Sindhi and Cholistani are more appropri-
ate to breed improvement program because of their better 

adaptability to local harsh conditions and diseases. Farmers 
opting for keeping cows of improved genetic will always 
enhance feed quality and will resort to better health care for 
achieving the desired milk production. We, therefore, tested 
a combination of all the above three interventions as a single 
“package” with intention to achieve the breed potential. In 
response to package intervention,  CH4 emission per unit of 
milk reduced between 35.7 and 43.2% compared to baseline 
with associated 100% increase in milk yield.

Abatement in  CH4 intensity in response to all four miti-
gation interventions was more pronounced in grazing sys-
tem compared to mixed system. This was apparently due to 
lower baseline performance of animals in the former system 
caused by poor feed supply from grazing lands. In all cases 
increase in milk production was associated with decrease 
in  CH4 intensity. A strong inverse relationship of average 
milk yield per animal and intensity of  CH4 emission per 
unit of milk protein was found and illustrated in Fig. 4. The 
high coefficient of correlation 0.71 means that 71% variation 
in emissions intensity is explained by milk production per 
cow. According to the trend line, increasing per cow annual 
milk production from 1000 to 3000 L would decrease the 
emissions intensity from 4.6 to 1.9 kg  CO2-eq/kg milk cor-
responding to a drop off 58%. The relationship in Fig. 4 is 
based on limited range of data on milk production and the 
trend is in close conformity to Gerber et al. (2013a) and Garg 
et al. (2016). Based on the data reported by Gerber et al. 
(2013a) it is assumed that no further reduction in methane 
emission intensity would occur with FPCM above 4000 kg 
in cows.

Notably considerable increase in beef yield varying from 
10 to 65% above the baseline was also found in response to 
above mitigation interventions in the dairy herds across both 
the systems. This occurred because beef is a co-product of 
dairy herds and any intervention that increases performance 

Fig. 4  Correlation between 
methane intensity and annual 
fat-protein corrected milk 
(FPCM) yield per cow
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of animal for enhanced milk yield will also simultaneously 
improve growth rate and other parameters for improved car-
cass weight. These findings strongly emphasize the scope to 
reduce carbon footprint of dairy production in the country by 
implementing mitigation strategies such as improved fodder 
supply, preventive health care and better genetics applied 
individually or in combination. The strong indication that 
emission intensities are reduced with productivity gain 
emphasizes that the dual goal of food security and climate 
change can be addressed with such mitigation approaches. 
There is need to consider how these interventions would 
behave on ground at farm level and shall require understand-
ing barriers in adoption such as farmer’s capacity and aware-
ness, access to inputs, market and services (Kebebe et al. 
2017). Realizing the economic benefits of mitigation prac-
tices would be important to farmers in the adaptation process 
and decision making. Supportive policy of government is 
critical for creating an enabling environment to facilitate 
adoption of improved technologies.

4  Conclusions and Recommendations

The present analysis concludes that GHG emissions from 
livestock sector in Pakistan is much higher than thought 
previously, which are produced at high emission intensities 
due to low productivity and large numbers of animals. When 
compared to global averages, the carbon footprint of milk 
was slightly and that of meat was threefolds higher. Methane 
was identified as the major emission from livestock caused 
by poor feeding and management practices and offer large 
potential for mitigation. Poultry keeping contributed least 
to total sector emission and had lower environment tag of 
producing human food. Large ruminants shared most of the 
emission and per animal emission of methane and total GHG 
remained higher than small ruminants. The much higher car-
bon footprint of beef and mutton production from non-dairy 
herds is viewed inefficient and deserve priority for mitiga-
tion. The analysis of current mitigation options suggest that 
technical interventions which increase milk yield per cow 
will reduce its emission intensity and will concomitantly 
increase beef production in dairy herds. This approach to 
mitigation appears most promising in achieving the overall 
national objective of increasing milk and meat for food secu-
rity and protecting the environment. The present assessment 
provides guidelines. Adoption on farm level shall require 
removing the barriers on ground. Other mitigation strategies 
such as reducing the herd size and enhancing the carrying 
capacity of rangelands need investigation. The present find-
ings will help knowing the scale of emission from livestock 
sector in Pakistan, sensitizing the livestock departments and 
stakeholders for evolving mitigation strategies and informing 
policy makers for legislation and supportive environment.
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Abstract
This paper examines the women’s perception about climate change and coping strategies in response to climate-related 
shocks in Pakistan. It is among the ten countries that have been affected most by climate change. There is no denying the 
fact that climate change is bringing miseries for the vulnerable population particularly for the rural women. The study used 
the Treatment Effect Model to evaluate the determinants of women’s perception and adoption of coping strategies using 
data from Climate Change Impact Survey (PIDE 2013). Secondary data of 3298 rural households in Punjab, Sindh and KPK 
as provided by Pakistan Institute of Development Economics (2013) were utilized to conduct this research. The results of 
this study demonstrate that age, education, farming experience, land rights, women empowerment, livestock ownership and 
change in rainfall are crucial factors for women’s coping strategies to avoid the adverse effect of climate change. There is dire 
need to raise awareness about climate change in women and provide credit facilities for undertaking adaptation measures, 
encourage informal social networks and enhance women capacity to climate change.

Keywords Women’s perceptions · Coping strategies · Climate change · Heckman model

1 Introduction

Climate change has become an indisputable phenomenon 
and most challenging crisis that the world is facing today 
(UNFCCC 2005; Brien and Leichenko 2007; IPCC 2007; 
Mearns and Norton 2010). It is the most significant chal-
lenge to achieving sustainable development, and it threat-
ens to drag millions of people into poverty. Such climatic 
changes are causing transformations not only in the environ-
mental systems but have serious implications on the social 

system, which is closely related to human livelihoods (Fran-
cis 2000; IPCC1 2001, 2007).

Presently, Pakistan is highly vulnerable to the effects of 
climate change and ranked among the ten countries that have 
been affected most. It affects several sectors, particularly the 
agriculture sector which can adversely impact those who 
are already economically deprived marginalized in society 
(ADB 2016).

It is usually the rural households, smallholders, and 
particularly women who are the most vulnerable to natu-
ral calamities due to gender inequalities that are inherent 
in our social system. (Adger 2001, 2003; Burton et al. Bur-
ton 2006). Although women are more prone to the adverse 
impacts of climate change (Djoudi and  Brockhaus 2011), 
yet they get sidelined in most research literature.

A plethora of literature is available around gender, agri-
culture (FAO 2008; Begum and Yasmeen 2011), poverty 
(Blackden and Woddon 2006) inequality (World Bank 2006; 
Esplen and Brody 2007; Klasen and Lamanna 2009; GTZ 
2009) and livelihood (Francis 2000; Lipton 2005; ILRI 
2014). But the impact of climate change on women par-
ticularly the rural women is missing in the literature. An 
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important gap in the literature regarding the climate change 
related issues in Pakistan is that it is mostly devoid of human 
dimension, i.e., how women especially the rural women have 
perception about climate change and awareness about cop-
ing strategies that how to minimize the adverse impact of 
climate change.

Although women are more vulnerable to the effects of cli-
mate change, however, they have poor credit facilities, lower 
access to valuable resources, limited decision-making power 
and insufficient information about climate change and cop-
ing strategies (Masika 2002; IUCN 2013). Thus, women’s 
perceptions of climate change and the most appropriate cop-
ing strategies are argued to be crucial in order to address the 
adverse impacts of climatic change (Adger 2003). Therefore, 
the paper aims to examine the women’s perceptions about 
climate change and coping strategies to reduce the effects 
of climatic risks in Pakistan.

The next section of this study provides the details of 
methodology such as describe the conceptual framework, 
variable construction, data and underlying econometric tech-
niques. Section 3 covers empirical estimation and results. 
Lastly, conclusion and required policy reforms are elabo-
rated in Sect. 4.

2  Materials and Methods

2.1  Conceptual Framework

The overarching framework employed in this study is drawn 
from the concept that there are various driving forces behind 
women’s decisions to adapt in response to climate change. 
Some of the major factors that determine adaptation options 

are economic factors including livestock holding, farm size 
and non-farm income; the institutional factors such as access 
to credit, information on climate change and training; demo-
graphic factors such as age of women, family size, education 
of women and farming experience; psychological factors 
including perception of women about climate change. For 
further details, see following Fig. 1.

2.2  The Econometric Model

2.2.1  The Analytical Framework: Heckman sample 
selectivity model

Determinants of perceptions and coping strategies for cli-
mate change are identified by a two-stage process (Maddison 
2006). Firstly, whether the change in climate is perceived 
by women respondent or not. Secondly, adopting the cop-
ing strategies is then conditional on the perceived change 
in climate (Gbetibouo 2009). Since coping strategies in 
response to climate change are the sub-sample of the first 
stage. Therefore, coping strategies are not the same for those 
who did not perceive climate change. This situation may 
cause the selection bias. That is why the Heckman two-step 
model is used as an alternative technique to avoid the sample 
selection bias.

Heckman two-step model is used in several studies for 
multiple purposes such as to identify the knowledge factors 
and the resulting new technologies to be adopted thereafter 
(William 2003). A similar methodology is used by Yirga 
(2007), Kaliba et al. (2000) to investigate that which tech-
nology is adopted by farmers and how much the input has 
potential to be used in Ethiopia. Maddison (2006) utilize the 
same two-step approach to study the adaptation of climate 

Fig. 1  Factors influencing 
women decision to adapt to 
climate change
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change by farmers in South Africa. Deressa et al. (2008) and 
Gbetibouo (2009) use the same model to identify the deter-
minants of farmers (particularly women) perception about 
climate change and the possible coping strategies.

One another study also utilized the Heckman two-step 
procedure to identify the factors that determine the percep-
tion of women about climate change and the coping strate-
gies. The specification of Heckman two-step model is writ-
ten as follows:

Equation (1) is adaptation/outcome equation and (2) is 
perception/selection equation. Adaptationi and Perceptioni 
are binary dependent variables for i th women farmer.

Observation on perception and adaptation will be 
assigned a value of 1 if farmer perceived and adapt to the 
climate change and 0 if not in both cases.

The difference between perceivers and non-perceivers of 
climate change causes the bias which in turn is associated 
with adaptation. A Probit model2 is estimated in which the 
information regarding the unmeasured characteristics (i.e., 
the difference between perceivers and non-perceivers) is 
available in the residual of the model. Therefore, the selec-
tion bias control factor is constructed using the residual of 
the selection equation. This selection bias control factor is 
called Lambda which is equivalent to the Inverse Mills ratio. 
It also captures the effect of measured characteristics and is 
used an additional independent variable in the second step 
of Heckman procedure, since we have a control factor for 
the effect of perception-related unmeasured characteristics 
which in turn are related to adaptation decisions. Therefore, 
the other variables in the model have not related to this effect 
and hence the coefficients of the regression are unbiased.

(1)
Adaptatoni = fi(Perception) = � + �Xi + �Perception + Ui

(2)Perceptioni = a + bZi + vi > 0

Adaptationi = 1 if Perceptioni > 0

Adaptationi = 0 otherwise (if Perceptioni < 0)

2.3  Data

The study used the data of Climate Change Impact Survey 
(PIDE 2013) conducted by Pakistan Institute of Develop-
ment Economics (PIDE), Islamabad, under the project 
titled, “Climate Change, Agriculture, and Food Security in 
Pakistan: Adaptation Options and Strategies”. Data are a 
nationally representative sample of 3298 rural households. 
The data have been obtained from 16 districts3 from three 
provinces4 (KPK, Sindh, and Punjab) of Pakistan. The study 
covers primarily women’s questionnaire5 providing informa-
tion on different socio-economic, institutional and household 
characteristics to depict a clear picture of women’s percep-
tions regarding the climate change and their roles in develop-
ing different coping strategies.

3  Results and Discussion

3.1  Descriptive Analysis: Women’s Perception 
of Climate change

The following figure exhibits the women’s perceptions about 
climate change and clearly indicates that 93% of women are 
aware about climate change while 7% are unaware (Figs. 2, 
3, 4, 5).

51% of female farmers observed that winter season is 
more prolonged as compared to last 20–30 years while other 
respondents have different opinion.

89% of rural women have observed the raise in tempera-
ture in summer season while 5% saw no changes in summer 
weather.

Fig. 2  Women’s perception of 
the change in climate

2 It is assumed in Heckman model that the error terms of this model 
are normally distributed.

3 The districts includes Attock, Chakwal, Bhakkar, Multan, Vehari, 
Sialkot and Bahawalpur from Punjab; D.I. Khan, Nowshehra, 
Mansehra and Kohat from KPK; and Hyderabad, Umarkot, Nawab-
shah, Larkana and Khairpur from Sindh.
4 The survey has not been carried out in Baluchistan due to security 
reasons.
5 The questionnaire for females covers questions regarding House-
hold profile, family size, education, employment status and farm/
non−farm income, participation in farm activities, housing and sani-
tation, expenditure on food and nonfood items, ownership of livestock 
and household durables, Climate change perceptions, impact on their 
livelihood and adopted coping strategies.
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Regarding rainfall 59% of rural e women responded that 
rainfall has been decreasing as compare to last 20–30 years 
while rainfall has been increasing over the time.

3.2  Cross‑Tabulation of Women’s Perception 
of Climate Change by Age, Education 
and Farming Experience

3.2.1  Women Perception of Climate Change by Age

A cohort analysis of the women’s perception of climate 
change with the age of women shows that 93% of women 
who have perceived that the climate has been chang-
ing, among them 42% were between the age group of 
(41–60 years), 37% were in the age group of (26–40) 
years and 14% were above 60. While 6% were between 
the age of (15–25) years as shown in following Table 1

Fig. 3  Women’s perception of 
the change in winter sea-
son’s temperature during last 
20–30 years

Fig. 4  Women’s perception of 
the change in Summer Season’s 
temperature during the last 
20–30 years

89%

9%

2%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

more hot

less hot

same

Fig. 5  Women’s perception 
regarding the change in precipi-
tation during last 20–30 years

34%

59%

7%

0% 10% 20% 30% 40% 50% 60% 70%

increased

decreased

no change

Table 1  Women perception of climate change by age

Women perception by age (as a % of respondents)

Women perception 15–
25 years 
(%)

26–
40 years 
(%)

41–
60 years 
(%)

Above 60 (%)

Non-perceivers 8 44 33 15
Perceivers 6 37 42 14
Increase in tempera-

ture
6 37 42 15

Decrease in tempera-
ture

7 46 37 9

No change in tem-
perature

7 40 44 9

Increase in precipita-
tion

5 35 42 18

Decrease in precipita-
tion

7 40 41 12

No change in precipi-
tation

8 41 40 12
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3.2.2  Women Perception of Climate Change by Education

A cross-tabulation revealed that a large proportion of 
educated women such as up to primary and post primary 
perceived the climate is changing as opposed to women 
who are illiterate (Table 2).

3.2.3  Women’s perception of climate change and their 
farming experience

Concerning women’s perception of climate change and their 
farming experience, among the perceivers, 82% women had 
high farming experience (more than 10 years) while only 
18% had low farming experience (0–10 years) (Table 3).

3.3  Coping Strategies Adopted by Women

3.3.1  Coping Strategies/Mechanisms Followed 
by the Women During Last 5 Years

During the last 5 years, the coping strategies in response to 
climate change, the women responses are shown in the table 
below (Table 4):

This table clearly indicates that out of 97% women who 
have adapted in response to changing climate, most of the 
women farmers had reduced frequency of buying clothes 
(78%), started buying less expensive foods (77%), 61% of 
the women farmers had sold large ruminants while 56% 
of them used their household savings to cope up with the 
changing climate.

3.3.2  Cross‑Tabulation of Coping Strategies Adopted 
by Women by Age and Education

The results show that out of total women who have reduced 
frequency of buying clothes (43%) and bought less expen-
sive food (42%) in response to any climate hazard during the 
last 5 years, are in the age bracket of 41–60 years. While 37% 
of the women who reduced expenditures on food and clothes 
were between 26 and 40 years. Similarly, most of the women 
farmers in the study who used household savings in order 
to cope up with the changing climate are in the age group 
41–60 years (42%); 38% of those who adopted the same 
strategy are between 26 and 40 years. Most of the women 
farmers adapted any of the coping strategies are in the age 
group of 26–40 and 41–60 as shown in the table below. This 
means that coping strategies are adopted by those who have 
more responsibilities on their shoulders (Table 5).

Table 2  Women perception of climate change by education

Women perception by education (as a % of respondents)

Women perception Illiterate (%) Up to primary 
(1–8 years) (%)

Post primary 
(9 plus years)

Non-perceivers 30 28 43
Perceivers 32 32 36
Increase in tempera-

ture
33 32 36

decrease in tempera-
ture

29 32 39

No change in tem-
perature

31 27 41

Increase in precipita-
tion

36 29 35

Decrease in precipita-
tion

31 33 36

No change in precipi-
tation

33 30 37

Table 3  Women perception 
of climate change by farm 
experience

Women perception by farm experience (as a % of respondents)

Women perception Low farming experience High farming experience

(0–10 years) (%) (10+ years) (%)

Non-perceivers 16 84
Perceivers 18 82
Increase in temperature 18 82
decrease in temperature 22 78
No change in temperature 14 86
Increase in precipitation 17 83
Decrease in precipitation 19 81
No change in precipitation 18 82
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Table 4  Coping strategies

Percentages may not sum up to 100% as the coping strategies are mutually exclusive (A women can adopt 
more than one coping strategies at a time)

Coping strategies N % of 
Respondents 
adopted

Reduced frequency of buying clothes 2614 78
Bought less expensive foods 2608 77
Sold large ruminants (Bullock, cow, buffalo etc.) 2057 61
Used Savings of Household 1918 56
opted for less expensive health services 1843 54
sold small ruminants (goats and sheep) 1845 54
Sought help from relatives and friends 1601 47
Used up seed stocks kept for next season 1330 39
Reduced proportions/number of meals by adult women 1330 39
labor on other farms for wages 1117 33
sold jewelry 1109 33
Moving female children to less expensive schools 934 28
individual(s) migrated to work for wages 894 26
Sold transport (cycle, motorcycle etc.) 750 22
Stopped female children from going to school 648 19
Sold agricultural machinery and implements 542 16
Supported by NGOs 386 11
Supported by District/Local Government 363 11
leased out agricultural land 356 11

Table 5  Coping strategies 
adapted by women by age

By age (years) (as a % of respondents)

Coping strategies adapted by women 15–25 (%) 26–40 (%) 41–60 (%) Above 60 (%)

Reduced frequency of buying clothes 6 37 43 14
Bought less expensive foods 6 37 42 15
Sold large ruminants (bullock, cow, buffalo etc.) 7 38 43 13
Used savings of household 7 38 42 13
opted for less expensive health services 6 36 43 15
sold small ruminants (goats and sheep) 6 39 41 13
Sought help from relatives and friends 7 38 42 14
Used up seed stocks kept for next season 6 38 43 14
Reduced proportions/number of meals 6 38 42 14
labor on other farms for wages 6 37 41 15
sold jewelry 6 39 42 13
Moving female children to less expensive schools 8 37 42 13
individual(s) migrated to work for wages 8 40 40 12
Sold transport (cycle, motor cycle etc.) 5 38 45 11
Stopped female children from going to school 7 39 40 14
Sold agricultural machinery and implements 6 37 45 12
Supported by NGOs 5 34 43 18
Supported by district/local government 7 41 39 13
leased out agricultural land 6 39 44 11
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3.3.3  By Education

With regard to education level, most of the women who had 
adapted various coping strategies had more than 9 years of 
education. The most common coping strategies adapted by 
rural women in Pakistan having post standard education 
are: reduced frequency of buying clothes (37%), bought 

less expensive clothes (36%), sold large ruminants (bullocks, 
cows and buffalos) (37%), bought less expensive clothes 
(36%), sold small ruminants (35%), sought help from rela-
tives (35%), reduced proportion of meals (36%), migrated to 
work for wages (35%) and supported by district/local gov-
ernment (35%) (Table 6).

Table 6  Coping strategies 
adapted by women by education

By education (as a % of respondents)

Coping strategies adapted by women Illiterate (%) Up to primary 
(1–8 years) (%)

Post primary (9 
plus years) (%)

Reduced frequency of buying clothes 31 32 37
Bought less expensive foods 32 32 36
Sold large ruminants (bullock, cow, buffalo etc.) 31 33 36
Used savings of household 34 33 34
opted for less expensive health services 32 32 36
sold small ruminants (goats and sheep) 33 32 35
Sought help from relatives and friends 33 32 35
Used up seed stocks kept for next season 32 35 33
Reduced proportions/number of meals 31 33 36
labor on other farms for wages 32 31 36
sold jewelry 33 35 32
Moving female children to less expensive schools 33 34 33
migrated to work for wages 31 34 35
Sold transport (cycle, motor cycle etc.) 32 36 32
Stopped female children from going to school 32 36 32
Sold agricultural machinery and implements 32 37 31
Supported by NGOs 38 32 31
Supported by district/local government 33 31 35
leased out agricultural land 30 36 34

Table 7  Summary statistics Variables Mean Std. dev. Min Max

(a) independent variables
 Age (continuous) 43.877 12.616 0 90
 Education (continuous) 5.804 4.864 0 20
 Household size (continuous) 8.509 4.094 2 45
 Farm experience (continuous) 25.034 12.83 0 75
 Social bound (D = 1, otherwise 0) – – – –
 Non-farm income (continuous) 0.153 0.36 0 1
 Farm size (continuous) 9.871 14.99 0 400
 Land rights (D = 1, otherwise 0) – – – –
 Social networking (continuous) 0.898 0.324 0 6
 Gov. help (D = 1, otherwise 0) – – – –
 Women empowerment (D = 1, otherwise 0) – – – –
 Livestock ownership (D = 1, otherwise 0) – – – –
 Access to loan (D = 1, otherwise 0) – – – –
 Climate information (traditional knowledge) (D = 1, otherwise 0) – – – –
 Climate information (through Media) (D = 1, otherwise 0) – – – –
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3.4  Empirical Model: Results and Discussion

The basic summary statistics of the variables are shown in 
Table 7.

Table 7 provides the summary statistics of the continu-
ous variables only and the mean, standard deviations, mini-
mum and maximum values have not been reported as they 
are meaningless for categorical variables. So the analysis 
reports that women in our sample, on average, have an age 
of 43 years and with respect to education, on average every 
woman in the study has passed 5 years of schooling with 
farming experience of 25 years on average.

The two-step adaptation model results are presented in 
the Table 8. The study used the treatment effect model after 
testing its appropriateness (finding the correlation between 
the error terms in the outcome model and the selection 
model), since the value of rho is statistically different from 
zero (Wald χ2 = 37.89 with P = 0.004) suggesting that the use 
of treatment effect model is appropriate to avoid the sample 
selection problems.

The results from perception model and adaptation model 
are given in first and second part of Table 8, respectively.

Statistical results show that age is not a determinant of 
perception of climate change, whereas age is a significant 
determinant of climate change adaptation. The study results 
are consistent with Gbetibouo (2009), Teklewold et  al. 
(2006), who also found negative relationship between the 
age of farmers and the decision of adopting technologies. 
The older farmers might be more risk-averse and less flexible 
as compared to the younger ones.

Perceiving and adapting to the change in climate are more 
likely for educated women than the less educated women. 
Higher education is normally linked up to more access to 
information and awareness of changing the climate and, 
therefore, increases the probability of adopting new technol-
ogies and making rational decisions In a rural part of Paki-
stan, priority is given to educated boys while girls are sent 
to the less expensive school. Results of this study show, in 
response to climatic shocks during last 5 years, 28% women 
sent female children to less expensive schools while 19% 
were pulled out female children from schools.

The change in climate is perceived by those women 
whose household size is large than the women having fewer 
family members in home. However, for adaptation model, 

Table 8  Results of the treatment 
effect model of women’s 
perception of and adaptation 
to climate change in various 
districts of Pakistan

Statistically significant at 0.1 (*), 0.05 (**), 0.01 (***) level of probability

Variables Adaptation model (outcome 
model)

Perception model (selec-
tion model)

Coefficients P value Coefficient P value

Age − 0.0022*** 0.004 0.0637 0.156
Education 0.0080* 0.09 0.0802** 0.057
Household size − 0.0013 0.131 0.0086 0.362
Farm experience 0.0004** 0.034 0.0031*** 0.017
Social bound − 0.0512 0.527
Non-farm income 0.0052 0.514
Farm size 0.0009 0.684
Land rights 0.0102* 0.109
Social networking − 0.0035 0.684
Women empowerment 0.0112* 0.086
Livestock ownership − 0.0009* 0.069
Access to loan 0.0065 0.295
Climate information (traditional knowledge) 0.1298** 0.051
Climate information (through media) 0.0508 0.549
Change in temperature − 0.0012 0.854
Change in precipitation 0.0153*** 0.005
Female perception(as a treated variable in 

outcome model)
0.4523** 0.035

Constant 0.5267*** 0.008 1.3114*** 0.000
Lambda − 0.2208** 0.034
Wald  chi2 (18) = 37.89
Prob > chi2 = 0.004
No of observations = 3352
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the study revealed a negative relationship as pointed out by 
(Teklewold et al. 2006; Tizale 2007). These studies con-
sidered household size as a proxy for the availability of 
labor, since the labor force in households having more fam-
ily members usually diverts toward the off-farm activities 
striving to earn more for their family.

The results show that women’s farm experience is the 
main determinant of both perception and adaptation to cli-
mate change. The findings are consistent with (Gbetibouo 
2009; Nhemachena and Hassan 2007).Women with more 
farm experience have high skills in a diversifying portfolio, 
managing and coping up with the adverse impacts of the 
changing climate relative to the women having less farming 
experience.

Women’s participation in any social group has no signifi-
cant impact on perceiving the changing climate. The likeli-
hood of women’s developing a coping strategy in response to 
the changing climate had an insignificant relationship with 
the non-farm income. The negative relationship between 
livestock ownership and adaptation to climate change is 
unexpected results of the study. For being as a mean of the 
store of value and source of income, the livestock ownership 
is expected to be positively influencing the likelihood of 
adapting the changing climate (Yirga 2007).

The study observed the insignificant relation between 
farm size and the women’s decision of adapting a coping 
strategy (Bradshaw et al. 2004). Large-scale women farmers 
are adapting more coping strategies because they have more 
capital and resources; therefore, they can invest easily. Land-
ownership women are encouraging adaption of new technol-
ogy and investments (Gbetibouo 2009). Gender inequality 
in terms of access to land is greater in Pakistan, where on 
average male-headed households have more land holdings 
than female households (FAO 2008). In Asia, specifically 
Pakistan, cultural norms, and practices dictate the inherit-
ance of land to men.

Social networking also plays a major role in adaptation 
to climate change, but as social networking is very poor in 
Pakistan especially for marginalized women in rural areas. 
Moreover, social networking has an insignificant impact on 
the likelihood of adaptation. Moreover, for women empow-
erment (Decision-making power), the results show a positive 
and significant association between women empowerment 
and women adaptation to climate change. Access to credit 
positively influences the women’s decision of adaptation 
uptake compared to those having no access to credit. How-
ever, social marginalization and exclusion of women from 
decision-making and policy-making process, food insecu-
rity, lack of resources, limited access to credit and limited 
access to education are some of the push factors that put 
rural women at distinct disadvantages.

Women’s knowledge of climate change through tradi-
tional sources significantly increases the women’s likelihood 

of perceiving the changing climate; however, climate-related 
information through media was found to be statistically 
insignificant.

Analyzing the impact of rainfall and temperature on 
women’s adaptation of climate change requires time series 
data. Due to non-availability of time series data, the study 
used cross-sectional data as a proxy for temporal variation. 
Therefore, the study used subjective indexation of the rain-
fall which has been constructed by asking the respondents a 
series of questions based on their previous season experience 
of the rainfall occurs in their respective areas. The study 
result shows that change in temperature has no significant 
association with adaption to climate change; however, with 
regard to the change in precipitation the study revealed that 
it is positively associated with the women’s adaptation of 
climate change.

The Lambda (Inverse Mill ratio) in the model shows the 
presence or absence of sample selection problem (Greene 
and Hensher 2003). The significant Lambda having negative 
sign predicts that there was sample selection problem and 
now it has been corrected.

The positive and significant coefficient of the treatment 
affect variable shows that other things being constant, the 
women who perceived the change in climate had a mean 
score which is 45% greater than the women who did not 
perceive the change in climate. This difference is statistically 
significant at 5% level.

4  Conclusion and Policy Outcomes

The current study involved a concerted effort to examine 
the determinants of women’s perception of climate change 
and coping strategies in response to climatic change using 
national data and employing robust statistical methods. 
The results indicate that majority of the women were well 
aware of the fact that climate has been changing over time. 
A cohort analysis with respect to age, education and farm-
ing experience revealed that more educated, older age group 
(41–60 years) and women having more farming experience 
tend to have a better understanding of the changing climate 
and hence they can adapt better in response to climatic 
shocks.

The study utilized the treatment effect model to examine 
the determinants of perception and coping strategies. The 
findings revealed that education, farming experience, and 
climate information through traditional sources significantly 
and positively affect the women’s likelihood of perceiving 
the changing climate. Moreover, the results from the out-
come model revealed that age, education, farm experience, 
land rights, women empowerment, livestock ownership 
and change in rainfall are crucial factors in determining the 
adoption of coping strategies by women.
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The coping strategies adopted by rural women in response 
to climatic changes include a reduction in their expendi-
tures by decreasing frequency of buying clothes and buying 
less expensive foods along with selling out large and small 
ruminants, using household savings, opting for less expen-
sive health services and reducing proportions of the meal by 
adult women. However, the least adopted coping strategies 
among rural women in Pakistan are leasing out the agri-
cultural land, support by NGOs and local government. The 
study findings further suggest that limited access to credit, 
lack of weather-related information, lack of resources, lack 
of knowledge on coping methods and lack of empowerment 
are some of the perceived deterrents in undertaking the 
adaptation measures.

There is a dire need to get insight this information and 
knowledge gap regarding the effect of climate change. An 
immediate action is needed to relegate the climate change 
impacts through information dissemination through con-
ducting different awareness and training programs. Public 
administration also plays a major role in promotion and 
facilitation of climate change adaptation. The results suggest 
that to avoid the adverse effects of climate change, policy-
makers should focus on promoting awareness about climate 
change, providing credit facilities to women for undertaking 
adaptation measure and encourage informal social networks 
among rural women.
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Abstract
There is little evidence of published literature regarding the incorporation of on-farm workers into global fresh produce value 
chains. Agriculture, a major sector in Pakistan, employs 50% of the total labor force, and contributes 21 and 30% to GDP 
and GNP, respectively. Two-thirds of the population resides in rural areas. Mango is the second major fruit product in the 
country. The horticulture industry of Pakistan in general, and the mango sector specifically, has been the focus of research 
and development efforts by governmental and various international developmental organizations. A participatory value chain 
approach has been adopted to enhance technological advancements and increase the competitiveness of farm enterprises. 
The adoption of best practices is slow due to a lack of attention to occupational health measures, lack of training and low 
wages among on-farm workers. Market incentives, compliance standardization and increasing demand for certified products 
has driven mango farms in Pakistan to seek certification by organizations such as GLOBALG.A.P., which has established 
provisions for decent work to focus on worker rights and safety. A sustainable livelihood for workers can be achieved by 
upgrading the value chain system through institutional reforms and an emerging philosophy of decent work put forth by the 
International Labour Organization. In this study, the effects of decency in the value chain on the income of on-farm workers 
were assessed at both GlobalG.A.P.-certified and non-certified orchards in Sindh and southern Punjab. Because of the food 
quality and safety standards required for certified orchards within the global value chain system, these compliant orchards 
offer greater potential for improving the livelihoods of on-farm workers. To overcome constraints, extensive awareness 
campaigns should be launched within the mango industry by institutional supportive bodies.

Keywords Decent work · Global value chains · Pakistan mango industry · Sustainable livelihood · GlobalG.A.P. 
compliance · On-farm workers

1 Introduction

Pakistan is an agriculture-based country of 190 million people. 
Fifty percent of the total labor force is directly engaged in agri-
culture; among these, half are women (Government of Pakistan 
2016). Rural areas contribute more than two-thirds of the total. 
However, most of these rural populations are economically 
stressed and socially deprived in terms of low wages. Growers 
are the most common victims of seasonal and weather effects, 
price variations, and pest attacks, as well as demand and sup-
ply fluctuations in traditional value chain systems. The horti-
culture industry of Pakistan in general, and the mango sector 
specifically, has been the focus of research and development 
efforts by governmental and developmental organizations 
including the Australian Centre for International Agricultural 
Research (ACIAR), United Nations Industrial Development 
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Organization (UNIDO), Food and Agriculture Organization of 
the United Nations (FAO), International Centre for Develop-
ment and Decent Work (ICDD) and the United States Agency 
for International Development (USAID). A participatory value 
chain development approach has been espoused to improve 
technological advancement and competitiveness among these 
farm enterprises. An advanced ACIAR “whole-of-chain” 
approach has been instrumental in transforming the value 
chain strategy in the context of on-farm industry development.

1.1  Problem Statement

“Waged on-farm agricultural workers” can be defined as 
men or women who are employed in the orchards, fields, 
livestock units, greenhouses and packhouses (i.e. process-
ing facilities) at the farm level. They do not own or rent the 
land or the instruments they use (Adato and Meinzen-dick 
2002; Hurst et al. 2005). They can be grouped into three 
main categories: permanent workers, seasonal workers and 
migrant workers (Ghani 2012). We can further categorize 
them as highly skilled or low-skilled workers based on 
their involvement in technical operations or ordinary work, 
respectively. They receive low wages and are considered a 
deprived class of rural Pakistan. On-farm workers account 
for 55% of total occupational injuries (Government of Paki-
stan 2016). They receive in-kind wages such as rice, wheat 
or other agricultural crops as an alternative to real wages for 
their services (Scherrer 2016; Ghani 2012). They are desig-
nated as a depressed class because of their complete depend-
ence on landlords/owners and lack of ability to organize.

Consumers in the developed world are becoming increas-
ingly conscious of both quality and working conditions at 
the point of production (Hurst et al. 2005; FAO 2015; Wog-
num et al. 2011). GlobalG.A.P., an international certification 
system aimed at ensuring good agricultural practice (GAP), 
and led by some of the top supermarket chains, has set out 
comprehensive compliance criteria for growers to meet the 
needs of this competitive global value chain. Most certified 
farms in developing economies prefer to export to developed 
countries (Collins and Dunne 2007; Raynolds et al. 2004). 
According to Sustainable Development Goal (SDG) 8 of 
the International Labour Organization (ILO), decent work 
is associated with the effectiveness of many physical, eco-
nomic and social indicators for functional upgrading of value 
chains, including economic development of certified farms 
and social upgrading for workers (Kadigi et al.  2007; ILO 
2015). These aspects of on-farm labor rights are periodically 
inspected by consultants to assess compliance. Requirements 
include occupational safety and health training, basic hygiene 
to prevent disease, protective clothing to prevent skin cuts 
and exposure to hazardous substances, first aid kits, warn-
ing signs in hazardous areas, and other social and economic 
measures for labor welfare (Global GAP 2016).

1.2  Goals and Objectives

Effective post-harvest value chain management is essential 
for dealing with problems such as low quality, the perish-
able nature of fruits, and pest issues. Mangoes of the highest 
quality can only be obtained with the most productive and 
efficient labor, which requires functional upgrading in terms 
of social and economic aspects of decent work to ensure 
the highest satisfaction under the sustainable development 
agenda of the ILO, enabling them to be part of a competitive 
global value chain. Hence, on-farm worker issues are garner-
ing prominent attention among international development 
agencies and global certification systems (ILO 2016; ICDD 
2014; Global GAP 2016). Therefore, the implementation 
of labor standards at certified mango orchards is gaining 
ground in terms of social, economic and physical aspects. 
The current study was designed by generating a hypothesis 
that social upgrading under decent work agenda would lead 
to economic upgrading and benefits in premium-quality 
value chains distributed to on-farm workers at certified 
orchards (Chambers and Conway 1992).

The following objectives were set out for the study:

1. Comparative analysis of socioeconomic factors and 
decent work indicators in certified and non-certified 
orchards.

2. Assessment of the interdependence between the liveli-
hoods (income) of on-farm workers and decent work 
indicators.

3. Recommendations for appropriate policy reforms to 
improve the on-farm industry.

2  Mango Industry and Value Chains 
in Pakistan

Mango (Mangifera indica), also known as the “king of 
fruits”, is native to Burma and eastern India. Mango is the 
second highest fruit product in Pakistan, after citrus, and 
Pakistan ranks fifth in mango production worldwide (FAO 
2015). Numerous varieties are being produced in our coun-
try, which are Dodheri, Anwar Ratol, Langra, Siroli, Malda, 
Alphonso, Fajri, Gulab Khas, Golden, Swarnarekha and Ban-
ganapalli categorized by size, taste, acidity, shape, aroma and 
color. Two varieties, Chaunsa and Sindhri, have the greatest 
commercial importance, in both local and global markets.

2.1  Industry

The main export markets for Pakistani mangoes are Saudi 
Arabia, the United Arab Emirates, the UK, Qatar, Iran, 
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Afghanistan and Oman (Government of Pakistan 2009; Gha-
foor et al. 2009). Numerous initiatives have been undertaken 
by the Pakistani government and many international agen-
cies to develop the export value chain in order to empower 
growers and exporters. However, traditional chains are 
facing many issues including global certification systems 
(Hazard Analysis and Critical Control Points [HACCP] and 
GLOBALG.A.P.), pest issues, poor working conditions and 
lack of institutional reforms.

Orchards in Pakistan can be grouped into two general 
categories, non-certified and certified, based on the quality 
of the mangoes produced. Traditional value chain mangoes 
from non-certified orchards are identified by classical stand-
ards and measurements of quality including aroma, appear-
ance and size, and are typically sold in local retail roadside 
markets (CSF 2007; Mehdi et al. 2016). These traditionally 
harvested mangoes are full of sap burns, blemishes, harmful 
chemicals and pesticides. The use of wooden sticks is com-
mon practice in these orchards, which may lead to internal 
injury of the fruit. Thirty to forty percent of post-harvest 
losses occur in traditional value chains (Collins and Iqbal 
2010). Wooden boxes are used, exposing the mangoes to 
pathogens. In addition, overfilling of boxes increases bruis-
ing of the fruit and physical damage.

2.2  Traditional Versus Best‑Practices Value Chain 
and Role of Decent Work Certification

According to SDG 8 of the ILO, decent work is defined as 
“work that is productive and delivers a fair income, security 
in the workplace and social protection for families, better 
prospects for personal development and social integration, 
freedom for people to express their concerns, organize and 
participate in the decisions that affect their lives and equal-
ity of opportunity and treatment for all women and men” 
(ILO 2015).

In contrast, some GAP-certified orchards are now restruc-
turing product flows, supplying mangoes to supermarkets 
in large cities such as Islamabad, Karachi, Faisalabad and 
Lahore, premium-quality outlets and international markets, 
because of additional quality attributes including blemish-
free fruit, ethylene ripening, prestige, and cardboard packag-
ing (ACIAR 2007; Mehdi et al. 2014). These orchards take 
suitable care of mangoes under compliance measures estab-
lished by GLOBALG.A.P. (a certification system governing 
on-farm practices). Measures such as these not only increase 
market value, such as organic labeling, but may reduce pre- 
and post-harvest losses. A comparison of key activities per-
formed in certified (decent work) and non-certified orchards 
is described in Table 1.

Higher benefit-cost ratios are achieved by these certi-
fied orchards relative to non-certified orchards because 
of premium-quality products (Mehdi et al. 2014). Due to 

the growing pressure for graded, certified and standard-
ized products and price incentives, some farm enterprises 
in Pakistan are obtaining international certification such as 
GLOBALG.A.P., an on-farm certification system to enable 
entrance into the global value chains. GLOBALG.A.P. cer-
tification has been acquired by 24 mango farms in Pakistan 
(PHDEC 2016).

3  Conceptual and Empirical Framework

A review of the literature on the incorporation of on-farm 
workers found preliminary evidence of the contribution by 
agricultural on-farm workers to the development of sustaina-
ble agricultural practices (Hurst et al. 2005). At non-certified 
orchards, teenagers and children were found to be working 
under poor health and safety conditions on fruit farms, and 
workers were not allowed to forms unions (HRW 2002), 
whereas wage rates, and occupational safety and health 
(OSH) conditions were improving at certified orchards.

3.1  Conceptual Framework

Poor working conditions, with lack of access to water and 
other basic needs, as well as exposure to health hazards, have 
been highlighted in many previous studies (Collins 2009; 
Hale and Wills 2007; Smith et al. 2005; Oxfam International 
2004). Both institutional supportive bodies and international 
compliance agencies can contribute significantly to sociode-
mographic improvement among the many value chain actors.

Global agro-based value chain standards are driven by 
producers or consumers concerned about decent work con-
ditions for workers; this helps to promote the functional 
upgrading of on-farm workers because of consumer con-
cerns about point of production and brand visibility, par-
ticularly in value chains that are consumer-driven. This 
study was developed by assuming the general hypothesis 
that upgrading of traditional value chain systems through 
compliance with food quality and safety standards under 
an international compliance structure would lead to social 
and economic upgrading, as shown in Fig. 1. To test this 
hypothesis, interdependence among different decent work 
indicators and livelihoods were assessed at the bottom of 
the global value chains, while different social, economic and 
physical decent work indicators were identified at different 
levels of the value chain to determine the improvement in 
upgraded value chains.

In the case of food and fresh fruit commodities, safety 
and quality measures are of great concern for supermarkets 
and consumers in developed countries (Serrat 2008; Hum-
phrey and Memedovic 2006). Preliminary evidence shows 
that social upgrading (unionization) has contributed signifi-
cantly to economic improvements as well as greater adoption 
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of OSH standards for workers (Freeman 1981, 1982; Hirsch 
1997). Government is often the principal actor in sustain-
able development initiatives due to its regulatory powers 
and influence on rural industry reforms (World bank 2017).

3.2  Empirical Framework

A model in empirical form can be characterized as

where C is the continuous variables of socioeconomic attrib-
utes, SD is the social context of decent work as dummy vari-
able, PD is dummy variables such as physical and human 
decent work indicators, and ED is the economic aspect of 
decent work.

Equation (1) above can be amended as

where IL is on-farm worker income (USD), C1 is the edu-
cational level of the on-farm workers (grades passed), C2 is 
worker experience in the on-farm industry (years), C3 is the 
age of on-farm workers (years), S1 is the social dummy vari-
able for class discrimination (if discrimination, then S1=1; 
otherwise = 0), S2 is the dummy variable for unionization (if 
unions present, then S2= 1; otherwise = 0), P1 is the physical 
dummy variable for OSH (if provided, P1= 1; otherwise = 0), 
P2 is the human aspect dummy specialization (if provided, 
then P2= 1; otherwise = 0, E1 is the financial services 
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economic factor of decent work (if available, E1 = 1; other-
wise = 0), and E2 is the compensation payments as dummy 
variable (if paid, then E2 = 1; otherwise = 0.

The comprehensive formula for the log–log regression 
model Eq. (2) is stated as

4  Data

A case study methodology was employed to gain an in-
depth understanding of how decency in an upgraded value 
chain affects on-farm worker income in both GAP-certified 
and other orchards. From the two Pakistani provinces of 
Sindh and Punjab, three major mango-producing regions 
(Multan, Hyderabad and Rahimyarkhan) were selected 
for collection of data. These provinces account for 95% 
of total mango production in Pakistan. A well-structured 
questionnaire was developed by focusing on the social, 
economic and physical impact of decent work.

Fifteen certified orchards were selected using simple 
random sampling. A total of 200 on-farm workers from 
both these orchards and other non-certified orchards were 
interviewed using purposive sampling. In-depth focus 
group discussions were conducted with the growers and 
farm contractors.
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Fig. 1  Conceptual framework
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The analysis consisted of the following: 

• A comparative analysis of GAP-compliant and non-
compliant orchards by employing descriptive statistics 
techniques including frequencies, percentages and means

• Log–log regression analysis performed to assess the 
interdependence between the income of workers and 
socioeconomic and decent work variables.

According to Econometrics, log–log regression mod-
els are preferred when dealing with development-related 
approaches and variables (Gujarati 1995).

4.1  Descriptive Statistics and Decent Work 
Indicators

As described earlier, descriptive statistics were used for 
comparative analysis of decent work indicators and soci-
odemographic factors. Seventy-four percent of seasonal 
workers were employed at certified orchards, where 16.7% 
were permanent workers at non-compliant orchards, as 
shown in Table 2.

Eighty-three percent workers were seasonal at non-com-
pliant orchards and 25.7% were permanent workers at certi-
fied orchards. Thus, a greater number of seasonal workers 
worked at certified orchards versus non-certified orchards. 
Economic upgrading in terms of producing premium-quality 
products correlates with social upgrading of on-farm work-
ers, along with better earnings in local and global markets. 
Most on-farm workers in the traditional on-farm industry in 
Pakistan are economically depressed and socially deprived, 
as shown in Table 2, but circumstances are better in GAP-
compliant orchards.

A significant difference was observed between GAP-
compliant and non-compliant orchards in rural Pakistan. In 
certified orchards, 100% of on-farm workers were union-
ized, while only 4.3% were represented by labor unions in 
non-compliant orchards (Table 2). Class-based wage deter-
mination was seen in 16% of non-compliant orchards and 
10% of certified orchards. Unionization has consequences 
for collective bargaining power, social dialogue, social secu-
rity and the ability to voice concerns, as well as many other 
provisions in a decent work agenda.

Compensation payments are awarded to workers who are 
disabled, become ill or are injured during working hours. 
These comprise numerous types of disbursements, including 
worker injury benefits, and maternity and paid leave. Most 
growers allocate workers a piece of land upon which to build 
their mud houses. On-farm accommodation rates were very 
high at GAP-compliant orchards, with about 90% having 
mud houses, while a rate of 60% was found in the case of 
non-compliant orchards, as indicated in Table 2. Ninety-
four percent of all non-compliant orchard workers were 
able to officially own their own houses, versus only 57% 
at compliant orchards. Forty-three percent and 7% lived in 
rented houses in GAP-compliant and non-certified orchards, 
respectively.

5  Results and Conclusions

As GAP-compliant orchards are driven by an international 
certification system and supermarkets in developed coun-
tries, they produce premium-quality products, obviously 
with a decent price for farm products, ultimately devel-
oping a huge potential for decent working conditions for 
workers. However, there is a lack of literature supporting 
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the notion that social upgrading leads to economic upgrad-
ing of on-farm workers (Brown 2007; Locke et al. 2007). 
The research question should be investigated by determining 
the relationships between economic and social upgrading at 
farm level (Barrientos et al. 2010), particularly by inspect-
ing the circumstances (decent value chain safety and quality 
standards) under which social development may progress 
towards economic upgrading.

5.1  Decent Work and Livelihoods (Income) Models 
(DLM)

Two separate log–log regression models were used to 
determine the effects of different decent work variables on 
worker income. All assumptions of ordinary least squares 
(OLS) like normality of data, linearity, perfect collinearity, 
homoscedasity were tested using SPSS Statistics version 22 
software (IBM Corp., Armonk, NY, USA). Variables used 
in the livelihood models are explained in Table 3.

Table 2  Sociodemographic 
distribution and decent work 
indicators Source: author’s 
calculations from survey 2016

Frequencies include total sample (200)

Description Non-certified 
orchards (%)

Certified orchards 
(%)

Total

Number %

Worker type
 Permanent 16.7 25.7 115 57.5
 Seasonal 83.3 74.3 84 42

Decent work indicators
 Labor unions 28.26 100 66 33
 Professional training 31.43 66.67 85 42.5
 Occupational safety and health 4.26 100 110 55
 Class-based discrimination 15.71 10 22 11.5
 Financial services 36.4 64.3 148 74
 Compensation payments 27.7 66 94 47

Lifestyle
 Migrant 18.6 36.7 66 33
 Three full meals at home 100 67.1 155 77.5
 Clean water access 78 94 165 82.5
 Cement house 40 10 38 19
 Mud house 60 90 162 81
 Rental house 6.667 42.86 65 32.5
 Owned house 93.33 57.14 136 68
 Joint family 68.6 86.7 149 74.5
 Afford children’s education 78 81 157 86.5
 Married 67.1 73.3 138 69

Income (USD)/month
 ≤$50.00 31.4 0 44 22
 $50.01–100.00 50 13.3 79 39.5
 $100.01–150.00 14.3 23.3 65 32.5
 $150.01–200.00 2.86 43.3 10 5
 $200.01–350.00 1.43 20 5 2.5

Experience (years)
 <10 46.67 77.1 12 6
 11–20 20 17.14 145 72.5
 20–25 22.33 1.42 42 21
 No experience 10 4.28 3 1.5

Age (years)
 ≤18 4.5 0 18 9
 19–25 50 47.1 71 35.5
 25–35 26.67 35.7 79 39.5
 35–45 23.33 17.1 24 12
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To assess the overall significance of the model, analy-
sis of variance (ANOVA) was performed by assuming that 
all coefficients were equal to zero. The F value was very 
high (35.101; p < 0.000), indicating that both models were 
highly accurate overall. Thus our independent variables have 
adequate explanatory power for regression of our depend-
ent variable income of on-farm workers, a major indicator 
of livelihood. The model hit rates were 73.9 and 90.8% for 
certified and non-certified orchards, respectively, as the coef-
ficient of determination (R2) showed values of 0.785 and 
0.908 (Table 4). According to the econometrics literature, 
it is better to use adjusted R2 if our model has incorporated 
more than one independent variables (Gujarati 1995).

The age coefficient showed a positive relationship with 
wage in certified orchards and was significant at the 1% con-
fidence level (p < 0.01), with a 1% increase in age resulting 
in an increase in income of 0.78%, all else being equal, as 

indicated in Table 4. For non-certified orchards, the relation-
ship was non-significant.

Education is a key factor in the level of technical skill 
and opportunity for promotion. It is a major contributor 
to a country’s socioeconomic development (Griliches and 
Mason 1972). For non-certified orchards, the education coef-
ficient also indicated a positive relationship with income, 
and was found to be highly significant (p < 0.05), with a 
1% increase in schooling years resulting in an increase in 
income of 0.08%, as denoted in Table 4, while certified 
orchards showed a non-significant effect.

Experience is also an important factor, with more experi-
enced workers likely to earn a higher wage (Mincer 1974). 
In this study, at certified orchards, a 1% increase in experi-
ence was found to increase income significantly, by 0.06% 
(p > 0.10), while it was non-significant in the case of non-
certified orchards (p > 0.10), keeping the effect of other 

Table 3  Description of 
variables used in livelihood 
models Source: author’s own 
calculations

DV dependent variable

Model variables Minimum Maximum Mean SD

Income (PKR)/month (DV) 4800 ($48) 32,000 ($320) 11,046.0 ($110.4) 6072.01 ($60.72)
Age (years) 12 45 26.39 7.812
Education (grades) 0 14 4.17 3.660
Experience (years) 0 21 6.00 4.723
Compensation payments 0 1 0.39 0.490
Occupational safety and health 0 1 0.30 0.461
Class discrimination 0 1 0.22 0.416
Labor unions 0 1 0.50 0.503
Specialized professional 0 1 0.30 0.461
Financial services 0 1 0.34 0.476

Table 4  Comparative results 
of log–log regression models 
Source: author’s estimations 
from model (*p < 0.10, 
**p < 0.05, ***p < 0.01)

IV independent variables

Model variables IV (income) Certified orchards Non-certified orchards

Coefficients Significance Coefficients Significance

Age 0.787 0.006*** 0.137 0.276NS

Education 0.071 0.166NS 0.087 0.023**
Experience 0.064 0.051* 0.065 0.185NS

Occupational safety and health 0.291 0.070* 0.01 0.174NS

Professional training 0.323 0.049** 0.224 0.155NS

Class discrimination − 0.341 0.008*** − 0.222 0.006***
Labor union 0.397 0.081* 0.185 0.013**
Compensation payments 0.225 0.031** 0.074 0.324NS

Financial services 0.045 0.656NS 0.197 0.040**
Constant 6.619 0.000*** 8.277 0.000***
R2 0.909 0.739
Adjusted R2 0.826 0.546
F value 10.534 1.012
Durbin–Watson statistics 1.572 9.162
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factors constant (Table 4). Experience increases labor tech-
nical skills to effectively deal with various technical issues 
and practices at the farm level and enables workers to elevate 
their work quality.

5.2  Economic Upgrading Through Decent Work

Global value chains are transforming their processes to 
enable the production of premium-quality and cost-effective 
products. A positive correlation may be assumed between 
social and economic upgrading (Sono 2013; Gundersen 
2003), particularly with regard to increased production 
capacity of workers and greater flexibility. The most effi-
cient and productive labor can thus be achieved by worker 
satisfaction during and after leaving the job.

Under the economic umbrella of decent work, compensa-
tion payments are an important factor. This variable showed 
a positive relationship with labor wages: workers receiving 
compensation payments, such as illness and maternity leave, 
leaves for special occasions and worker injury benefits, had 
0.22% higher average income at certified orchards, keep-
ing the effect of other factors constant (p < 0.05), as shown 
in Table 4. In contrast, at non-certified orchards this vari-
able was non-significant. Financial services at non-certified 
orchards at the farm level had a significant effect at a confi-
dence level of 5% (p < 0.05), showing that workers having 
financial services available received 0.14% higher average 
income, all else equal (Table 4). For certified orchards, this 
variable showed a non-significant effect.

5.3  Physical and Human Upgrading Through Decent 
Work

A sustainable mango value chain system can be achieved by 
integrating ILO SDGs into traditional production networks, 
particularly for workers and farmers with small holdings. 
GAP-compliant orchards are implementing OSH and differ-
ent food quality standards. There is a common misperception 
that these OSH standards increase production costs, which 
may discourage the implementation of such standards, but 
in fact it increases the social and economic efficiency of the 
enterprise by improving its competitiveness.

This variable showed a significant effect at a 10% con-
fidence level (p < 0.10), with a p value of 0.07. This model 
predicts that, keeping the effect of other factors constant, the 
availability of amenities such as separate chemical rooms, 
first aid kits, safety equipment, food hygiene, protective 
clothing, hazard signs, doctor contracts and proper sanita-
tion facilities may result in 0.29% greater average income 
at certified orchards, as shown in Table 4. This variable 
showed a non-significant effect at non-compliant orchards. 

While professional training for specialization was signifi-
cant at the 5% confidence level (p < 0.05), with a p value of 
0.049, the model revealed that the average income for work-
ers receiving professional training was 0.32% greater (Bar-
tel 1995). These are known as skilled agricultural workers, 
who are able to assume specific roles as a result of this on-
farm industry training, such as machine operators, packag-
ing experts, graders, supervisors and harvesters, and these 
career-oriented jobs affect income.

5.4  Social Upgrading Through Decent Work

Some studies, however, have revealed negative relationships 
for social and economic upgrading under specific conditions 
(Astill and Griffith 2004; Raworth 2004). Scientists should 
focus more on the social aspect of work than on the work-
place with regard to long-term benefits (Nuwayhid 2004). 
Unionization is a major factor in wage determination and 
addresses decent work framework provisions including 
worker representation, social dialogue, and freedom to 
organize and associate, which are major points for social 
integration and personnel development according to ILO 
SDG 8 (Freeman 1984; Diewert 1974; ILO 2015).

Labor unions were found to have a significant effect 
in both types of orchards (p < 0.05). Average income for 
unionized workers was 0.39 and 0.18% higher at certified 
and non-certified orchards, respectively (Table 4) (Hirsch 
et al. 1997; Hirsch and Macpherson 2003; Mishel and Wal-
ters 2003). Class discrimination may contribute to social 
downgrading. This variable was highly significant at both 
certified and non-certified orchards at a 1% confidence 
level (p < 0.01). Workers who are subjected to discrimina-
tion based on class may receive on average 0.34 and 0.22% 
less income at GAP-compliant and GAP-non-compliant 
orchards, respectively. Hence, worker exploitation may 
cause social downgrading. This is a major factor affecting 
payment of wages in the developing world, especially in 
the South Asian countries (Banerjee and Knight 1985; Das 
and Dutta 2007; Best and Mamic 2008). These workers 
deserve attention by institutional supportive bodies and 
government, but no direct labor law exists for them in 
Pakistan, although India has special legislation for on-
farm workers.

5.5  Conclusions and Policy Recommendations

• Social upgrading has implications for economic 
improvement in the mango value chain with regard 
to a decent work environment and improved worker 
income for premium-quality mango production at certi-
fied orchards.
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• Decent work influences the effects of various socioeco-
nomic indicators of on-farm worker livelihoods, which 
ultimately informs the value chain development process.

• With the global compliance drive to certify orchards 
under the food quality and worker safety standards, these 
orchards have greater potential to improve the livelihoods 
of on-farm workers.

• Growers are reluctant to adopt decent work practices due 
to the common misperception that maintaining compli-
ance standards will increase the cost of production. In 
reality, meeting compliance measures will ultimately 
improve farm competitiveness.

• Socially upgraded labor contributes positively to eco-
nomic improvement for workers and farms in terms of 
higher wages and premium-quality products, respec-
tively.

• This study has utilized an integrated approach to ana-
lyze social, economic and OSH aspects of decent work 
in global production networks, with regard to the diverse 
income gap among both growers and workers. Hence, 
there is an urgent need to ensure that benefits are equally 
distributed among workers and producers.

• Government should develop a more effective policy 
for socioeconomic development to focus on both labor 
unions to represent workers, and farm-level initiatives to 
increase awareness (to minimize class-based discrimina-
tion at farms).

• There is huge potential for functional upgrading (labor-
intensive), because workers with low skill levels lean 
towards migration to find healthier work environments 
where they can obtain better working conditions.

• Technical occupations are being promoted in a decent 
way at the certified orchards for trained workers. Voca-
tional training institutes may also initiate short diploma 
courses for on-farm professions.
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Abstract
This study is an attempt to understand the differences in exposure, impacts, and responses to heat stress between peri-urban 
and rural population. Furthermore, it explores how crucial a role heat stress plays in impacting migration decisions. Based on 
the analysis of an ensemble of regional climate models, it is found that the studied region is projected to undergo an increase 
in the frequency of heat waves under RCP 8.5 scenario. Afterwards, a randomly selected household survey was carried 
out at rural as well as peri-urban areas of Faisalabad. At both areas, the available economic opportunities were analyzed to 
understand how economic well-being and type of occupation are associated with thermal discomfort. It was found that people 
involved in outdoor activities are highly vulnerable to heat stress. Poverty is one of the prime barriers to adapt to heat stress. 
People’s livelihoods, in terms of labor productivity and decline in agriculture production, are reported to be affected by the 
heat stress. This study found that peri-urban respondents came from the rural areas of the district and other cities across the 
providence to improve their level of income and reduce their vulnerabilities but due to the low level of education and skills, 
they have only been able to improve their livelihoods to a limited extent. As a result, there is very little improvement in their 
standard of living as well as their thermal discomfort/exposure to heat stress.

Keywords Migration · Climate change · Heat stress · Poverty

1 Introduction

Pakistan is among the countries in the world which are worst 
affected by climate change (Kreft et al. 2016). Besides many 
other factors making the country susceptible, heat waves/
stress stands out as one of the most crucial artifacts of 
changing climate (Saeed and Suleri 2015). It affects atti-
tude, health, and performance of individuals (Zahid and 
Rasul 2010). Pakistan has experienced severe incidents of 
heat stress/wave in recent years which resulted in large-scale 

mortality and morbidity (Saeed and Suleri 2015). Future 
projections of climate change scenario reveal that incidence 
of heat wave/stress is likely to increase during this century 
(Saeed et al. 2017).

Heat-wave situation occurs when exposure to direct 
sunlight or place of excessive heat exceeds certain thresh-
old levels which may result in physiological discomfort, 
stress, and other heat-related illnesses or even death (Smith 
et al. 2014; Opitz-Stapleton et al. 2016; Hajizadeh et al. 
2015). Type of occupation and working environment con-
tribute in exposure to heat stress. People who work under 
direct sunlight (agriculture work), or place of excessive 
heat (industrial work), and are involved in heavy physical 
work are more vulnerable to heat stress (Kjellstrom et al. 
2009; Lin and Chan 2009; Venugopal et al. 2015). Lack of 
safety protocols, cooling facilities, and heavy pace of work 
causes increased risk of heat stress for the farm as well as 
non-farm workers in rural and urban areas, respectively 
(Lundgren et al. 2013). Many developing countries face 
decline in workers’ productivity as a result of exposure to 
heat stress (Kjellstrom et al. 2016). Decline in productivity 
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may motivate workers to alter their profession or even opt 
to migrate (Majid and Zahir 2013; Saeed et al. 2016).

Rural-to-urban (internal) migration, under normal cir-
cumstances, is considered as an adaptation strategy, where 
a migrant moves to urban localities for better livelihood 
and living standards (Tacoli 2009). Socio-economic fac-
tors are generally regarded as the main determinants of 
internal migration which can be broadly classified under 
two categories: push factors and pull factors. Push factors 
are generally related to the place of origin (e.g., poverty, 
illiteracy, limited economic opportunities, etc.), whereas 
pull factors are related to the place of the migrant’s des-
tination, attracting people to certain locations (e.g., bet-
ter livelihood opportunities, education, health, and living 
conditions).

For most developing countries, the problem of migra-
tion is compounded by the challenge of urbanization that 
seems to couple with it (ADB 2013). While most of the 
people living in rural areas are associated with agriculture; 
therefore, once they migrate, they lack the skills required 
at the urban centers. Mostly, the rural poor migrates for 
work and lives in peri-urban areas because of the low cost 
of living compared to urban centers (Smith and Saywell 
1998; Nicodemus and Ness 2010).

Pakistan has a high pace of urbanization where the 
net rural-to-urban migration accounts for one-fifth of the 
annual rise in urban population (Hussain 2014; Saeed et al. 
2016). With an urbanization rate of 3% per annum (Kugel-
man 2014), many Pakistani cities have informally grown 
into large agglomerations with about 35–50% of the urban 
population reportedly living in informal settlements (WB 
2014; Kugelman 2014). Government projections suggest 
that, by 2030, more than half of Pakistan’s population 
will be residing in urban areas (GoP 2014), increasing the 
vulnerability even further due to urban heat island effect. 
Combining the increasing trend of urbanization with the 
future increase in heat waves, a gloomy picture comes out, 
especially in terms of thermal comfort levels available at 
home as well as at work place.

In this study, we attempt to understand the differences 
in exposure, impacts, and responses to heat stress between 
peri-urban (migrant) and rural (non-migrant) population. 
We have also tried to figure out how crucial a role heat 
stress plays in impacting migration decisions by altering 
the above-mentioned thermal comfort levels. Moreover, 
the future-projected increase in heat waves over the stud-
ied region is also estimated using state-of-the-art climate 
modeling technique to understand the susceptibility of the 
region to future global warming.

The rest of the study has been structured as follows; 
Sect. 2 explains the methodology, Sect. 3 states the results, 
Sect. 4 discusses the results, and Sect. 5 draws conclusion.

2  Methodology

We selected the district Faisalabad (Punjab Province) 
which is climatically semi-arid and has an agro-based 
economy (Fig. 1). Faisalabad city, the hub of industrial and 
agricultural activities, is the third largest city of Pakistan; 
with around 7600 large-to-small-scale industrial units. The 
importance of the region can be gauged from the fact that 
it covers around 25% of the country’s total export (Batool 
et al. 2008). District-level economic statistics show that 
the agriculture sector provides 30.09% employment in the 
district, whereas the share of the industry and services 
sector in employment is 34.4% and 34.7%, respectively 
(GoP 2011). About 52% of its total population is living 
in rural areas and the majority of them are engaged in 
agricultural activities. Majority of the urban population 
is daily-wage labor workers in various cotton and chemi-
cal industries, while others are involved in the services 
sector. It has been found that only textile and associated 
industries provide livelihood to around 10 million families. 
Therefore, it attracts potential rural labor force not only 
from adjacent areas, but also from different parts of the 
country (Batool et al. 2008). It is evident that the working 
environment does not comply with the safety and environ-
mental standards; the prevalence of various health hazards 
and injuries at workplaces is often due to humidity, exces-
sive heat, noise, and improper lighting arrangements (Shah 
et al. 2015; Khan et al. 2015).

Today, climate models are considered as the state-of-the-
art tools to carry out future projections of climate under 
different scenarios. Global climate models (GCMs), with a 
typical resolution of approximately 200 km, are considered 
insufficient to study climate change impacts at regional or 
national scale. Therefore, regional climate models (RCMs) 
are usually employed to downscale the information gener-
ated by GCMs. For this study, we used the data of three 
RCMs which are forced by three GCMs at a resolution of 44° 
(~ 50 km) as presented in Table 1. The models’ simulations 
were performed under CORDEX (Coordinated Regional 
Climate Downscaling Experiment) initiative for South Asia 
(Jacob et al. 2012). Here, we used RCP 8.5 scenario which is 
considered as business-as-usual scenario. Moreover, we used 
the methodology presented by Saeed et al. (2017), which 
defines a heat wave when the daily maximum temperature 
remains at 45 °C or above continuously for 5 days. This defi-
nition was applied on all the RCMs, while the results were 
analyzed for the region (72.5°N–74°N and 30.5°S–32°S) 
focused on the Faisalabad district. Moreover, the analysis 
was conducted for three sub-periods which are 2026–2050, 
2051–2075, and 2076–2100.

To understand the differences in exposure, impacts, and 
responses to heat stress between peri-urban (migrant) and 
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rural (non-migrant) population, we used a quantitative 
approach to measure the perception of these groups with 
regard to living and workplace conditions (Garbarino and 
Holland 2009). In this regard, a comparison of two study 
groups, i.e., (1) rural residents of Faisalabad district, and 
(2) peri-urban residents of Faisalabad city, was drawn. For 
both of the groups, the available economic opportunities 
(see Sect. 3.2) were analyzed along with the role of educa-
tion and skills in the selection of a job/work (Khan et al. 
2013). It was then assessed along with the type of work 
exposed the most to heat. Finally, we explored how eco-
nomic well-being, household income, and financial assets 
(Lewin and Stier 2003), as well as thermal comfort level 

of the peri-urban respondents have been changed after they 
moved to peri-urban areas.

Data collected through a survey using structured ques-
tionnaire could be considered as an effective approach to 
understand the perception and behavior of the respondents 
(Rubin et al. 2014). By following this approach, we con-
ducted a household survey to understand people’s percep-
tion regarding their exposure to heat stress at home as 
well as at workplace for both rural and peri-urban areas. A 
total number of 80 households were randomly selected for 
interviews out of which 40 households were selected from 
rural areas (non-migrant families) and 40 from peri-urban 
areas (full family migrant). The survey questionnaire was 

Fig. 1  Study site

Table 1  Matrix showing names 
of regional climate models 
(RCMs) and its forcing global 
climate models (GCMs) along 
with their respective institutes

RCM RCM’s Institute GCM GCM’s Institute

REMO_2009 Climate Service Center, Germany MPI-ESM Max Planck Institute 
for Meteorology, 
Germany

CSIRO CSIRO, Australia CCSM4 NCAR, USA
RCA4 Rossby Centre, Sweden EC-EARTH Rossby Centre, Sweden
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pre-tested and modified according to local needs before 
going into the field.

3  Results

3.1  Future Projection of Heat Waves

Figure 2 shows the results of the different heat waves among 
historical (1976–2000) and each future sub-periods for all 
the three RCMs. All three RCMs show an increase in future 
heat waves; however, difference in the magnitude among 
the RCMs can be noticed. CSIRO-CCAM shows much less 
increase as compared to the rest of the two RCMs, while 
RCA–EC-EARTH shows the highest increase. For example: 
averaged over the whole sub-period of 2076–2100, CSIRO-
CCAM shows an increase of 1 heat wave per year. Whereas, 
REMO-MPISM and RCA–EC-EARTH show an increase 
of more than 3.5 and 4 heat waves per year, respectively. 
Although there are differences among the RCMs, however, 
it is important to note that the trend in all the three models 
is towards the increase in the number of heat-wave events as 
we move towards the end of the century. Despite these dif-
ferences, these results point towards a robust increase in heat 
waves over the region. Hence, these results point towards a 
potential increase in the vulnerability of the people living in 
Faisalabad district to heat waves in future.

3.2  Socio‑Economic Profile of Respondents 
and Their Households

Table 2 indicates that majority of the rural respondents were 
aged between 26 and 45 years. The level of education among 
rural respondents has a mixed trend; only 31% have a sec-
ondary or above level of education, while around 37% are 
uneducated. Rural communities are mostly dependent upon 

agriculture for their livelihood (Rehman et al. 2017), while 
around 77% of our rural respondents mentioned agricul-
ture as their main source of income (Table 2). The average 
monthly income of the rural household ranges from Rs 2500 
to 100,000 and around 55% of the households have average 
income above the poverty line (poverty line is defined as 
the cost of basic needs per adult equivalent to Rs 3030 per 
month).1 

On the other hand, people living in the peri-urban areas 
are comparatively poor. Around 28% of the household have 
income above the poverty line. Data show that their average 
monthly income ranges from Rs 3000 to 30,000 per month 
per household. Majority of the peri-urban respondents (72%) 
came from different rural areas of Faisalabad and 28% from 
other cities across the province. Results show that peri-urban 
respondents migrated for a better livelihood opportunity. 
Majority of the respondent’s (83%) livelihood activities were 
affected by climate change at their previous locations (see 
Fig. 4). We found that poor people who migrated from rural 
areas are involved in daily-wage labor activities. They were 
found to be uneducated or having a middle level of education 
(Table 2), which clearly depicts that, in urban/peri-urban 
areas, type of occupation chosen depends upon the level of 
education and skills. Similar to Khan et al. (2013), we found 
that only a small fraction of the total sample (5.4%) has a 

Fig. 2  Annual averaged difference in the number of heat waves for 
each future sub-period as compared to the historical period (1976–
2000) from the three RCMs

Table 2  Characteristics of the respondents

Characteristics of the respondents Peri-urban (%) Rural (%)

Age in years
 Less than 26 22.5 15.0
 26–35 27.5 27.5
 36–45 17.5 25.0
 46 and above 32.5 32.5

Level of education
 Uneducated 43 37
 Middle 51 31
 Secondary and above 5 31

Occupation
 Farming/livestock 0 62.5
 Casual labor (daily wage) on farm 7.5 15.0
 Casual labor (daily wage) non-farm 40.0 7.5
 Business/transport/shop/construction 25.0 10.0
 Skilled labor 2.5 2.5
 Salaried/job holder (government or 

private)
25.0 2.5

Poverty line
 Below the poverty line 72.50 45.00

1 Economic Survey of Pakistan (2015–2016), Ministry of Finance, 
Pakistan.
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secondary or above level of education and has a job in public 
or private sector. Owing to this, only a small fraction of peri-
urban respondents (35%) had been able to secure income 
above 10,000 per month.

3.3  Exposure to Heat Stress

3.3.1  At the Place of Work

As per our respondents’ data, majority of the rural popula-
tion largely depends on agriculture for their livelihoods and 
most of the agriculture activities take place in open fields. 
That is why, almost all the rural respondents engaged in 
agriculture are vulnerable to heat stress during the summer 
season, as they have to work under direct sunlight or place of 
excessive heat exposure (Fig. 3). Almost all types of work-
ing opportunities in the rural community expose workers to 
heat, as was mentioned by around 98% of the rural workers. 
We found that people usually rest in shade and cover their 
head with a piece of cloth to prevent heat stress during field-
work. Owing to this heat exposure and lack of preventive 
measures, almost all of the rural workers claimed that their 
productivity decreases in summer, because their exposure 
to heat makes it difficult to work at full capacity during the 
daytime.

Our results show that, in peri-urban areas, diversified 
livelihood opportunities (such as: daily-wage labor work in 
industries and construction sector, public/private jobs and 
more opportunities to set own business, etc.) are available, 
but the majority of people (around 40%) fail to avail these 
diverse opportunities and get involved mainly in daily-wage 
labor activities. Since the type of occupation chosen is 
highly dependent on education and skills (Khan et al. 2013), 
results show that only 25% are salaried-job holders, while 

others have their own small business or involved in construc-
tion and transport services. It was evident that the workers 
involved in outdoor activities and working under the place 
of excessive heat are more vulnerable to heat stress during 
summer. Daily-wage labor workers and business/transport/
construction workers are reported to be more exposed to heat 
stress in peri-urban areas (Fig. 3). To cope with the issue 
of excessive heat at workplace, various measures are taken 
such as, cooling equipment, i.e., fans and air conditioners 
and other safety measures (like a cap, a hat, and a piece 
of cloth to cover head). Around 40% respondents said that 
equipments are provided by the employers. Although the 
very basic cooling facilities are available to some extent, 
38% of the respondents still feel tiresome during work and 
approximately 55% think that it is difficult to work.

3.3.2  At the Place of Residence

In our study area, almost all of the rural respondents have 
their own residences comprising of two or more than two 
rooms. Rural residences have unique characteristics; around 
75% of the houses are constructed with brick walls and t-iron 
roofs covered with a layer of soil. Along with this, around 
85% houses have windows for a better ventilation. Use of 
electric fan to avoid heat stress or cooling homes is widely 
common among rural community; only a small fraction 
of the rural respondents 2.3% and 4.7% have an air condi-
tioner and air cooler, respectively. More than half of the rural 
respondents (58%) are of the view that available cooling 
equipment is sufficient to fulfill their needs if continuous 
electricity supply is ensured. Majority of the respondents 
mentioned facing problems like reduction in sleep quality 
and time with heavy sweating during nighttime, on the days 
with excessive heat (Fig. 4).

Fig. 3  Percentage of respond-
ents working under direct sun-
light or place of excessive heat. 
These results are significantly 
different among rural and peri-
urban areas at (p < 0.01) level of 
significance

Note: These results are significantly different among rural and peri-urban areas at (p<0.01) level of significance.
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On the other hand, most of the peri-urban residents 
came from the rural areas of Faisalabad (72%) and across 
the country (28%); majority of them (63%) live in rented 
houses. Most of the houses are small, having two or less 
number of rooms with limited ventilation facilities. Similar 
to the rural areas, almost all the respondents reported that 
fan is the only available cooling equipment at their resi-
dences. For the survival from heat stress in their small and 
less ventilated houses, around 60% respondents think that 
available cooling equipments are sufficient. Results show 
that around 45% of the total peri-urban respondents reported 
being uncomfortable due to a high indoor temperature in less 
spacious houses along with fewer ventilation facilities (see S 
1) (Fig. 4). Thermal discomfort at home in urban/peri-urban 
areas has increased because of the release of heat stored 
in buildings during daytime and high outdoor temperature 
due to less green spaces (Franck et al. 2013). Furthermore, 
people become more vulnerable as they have limited access 
to better infrastructure and service due to their low level of 

income and high prices in peri-urban/urban areas (Hatcher 
2017).

Our results show that respondents are aware of some extra 
measures to prevent themselves from heat stress. The most 
common measures reported by the respondents are drinking 
a large amount of cold water and other local and traditional 
beverages. Lower economic status of peri-urban respond-
ents reduces their access to other preventive measures such 
as cooling facilities (air cooler or air conditioner). Along 
with the above-mentioned measures, frequent bathing is also 
a very common preventive measure among both rural and 
peri-urban respondents (see Fig. 5 for details).

3.4  Impact of Heat Stress on Health

Exposure to heat stress affects not only the productivity but 
increases also the risk of health vulnerabilities (Kjellstrom 
et al. 2016). At our study sites, people were more concerned 
about the health impacts of ambient temperature rise during 

Fig. 4  Change in sleeping 
quality during excessive heat. 
These results are significantly 
different among rural and peri-
urban areas at (p < 0.01) level of 
significance

Note: These results are significantly different among rural and peri-urban areas at (p<0.01) level of significance.
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the summer season. Around 98% of the rural respondents 
were of the view that their health can be affected by this rise 
in ambient temperature. Since poor health conditions affect 
the productivity of workers, around 78% of the respondents 
were much worried about heat stress and its health effects. 
The most common symptoms of heat-related impacts are: 
intense thrust (among 16% of the respondents), headache 
(13%), low blood pressure (12%), and urine of abnormal 
color (11%). Approximately 46% respondents reported feel-
ing at least one of the symptoms twice a month.

Our results show that, due to hot working environment 
along with shortage of electric supply, heat-related health 
hazards increase among workers. Almost 93% of the peri-
urban respondents were concerned about the impact of heat 
stress on health. The most common symptoms of heat stress 
reported in the peri-urban settings are headache (17%), 
abnormal color of urine (26%), intense thirst (13%), and 
heavy sweating (11%). The rate of occurrence of these 
symptoms is high among peri-urban respondents than rural 
respondents because of their low socio-economic status and 
housing structure. Talking about numbers, around 33% of 
the respondents feel at least one of those symptoms twice a 
month, whereas 26% of the respondents suffer from any of 
these health-related conditions four-to-five times a month. 
The trend of visiting any government or private health facil-
ity (clinic, quack, and hospital) is most common among peri-
urban respondents (around 95%) if such symptoms occur. 
Furthermore, the quantity of solid food intake is found to be 
compromised due to excessive use of water during hot con-
ditions. Around 90% of peri-urban and 82% of rural respond-
ents have reported a decline in their solid food intake as a 
result of heat stress.

4  Discussion

People involved in outdoor work-related activities feel 
that they are exposed to heat stress during summer season 
(Opitz-Stapleton et al. 2016). Farmers and daily-wage work-
ers are working under direct sunlight and place of excessive 
heat (Venugopal et al. 2015; Kjellstrom 2016). Their vulner-
abilities to heat stress increase if proper preventive meas-
ures are not available at workplace (Venugopal et al. 2015). 
A study reveals that people involved in informal activities 
are usually responsible to arrange for their own preventive 
instruments. Whereas, in formal sector (industrial and ser-
vice sector), safety protocols including cold drinking water, 
cooling facilities, and shades are provided by the employer 
in our study area. Our research is consistent with Park et al. 
(2015) in concluding that these available safety measures are 
insufficient to reduce heat stress at workplace. This further 
leads to decline in the productivity of the workers in the hot 
working environment.

People who live in peri-urban areas are more vulnerable 
to heat stress compared to the rural areas (Depietri et al. 
2013). Their thermal comfort level is being compromised 
because of the higher indoor temperature due to housing 
structure (Franck et al. 2013) (see S 1) and unavailability of 
cooling equipments. While, in rural areas, although people 
have comparatively large houses with more than three rooms 
and a proper ventilation system, they still face discomfort 
because of the more unscheduled electricity load shedding 
than urban areas during summer.2 Due to these reasons, peo-
ple from both sites usually feel discomfort while sleeping 
at night during summer. In addition, the use of excessive 
amount of drinking water and frequent bathing are the most 
common practices at both sites to prevent heat stress.

Beside that, low-income communities have to work con-
tinuously for the whole day without break to secure their 
income (Khan et al. 2013). In addition to this, the coping 
measures provided by the employer are insufficient (Park 
et al. 2015). None of the employees is provided with health 
insurance policy or first-aid health facility to immediately 
respond to heat stress at the workplace.

People of Faisalabad district are aware of heat stress and 
its impacts on livelihoods. More specifically, around half 
of the respondents from both sites reported that their liveli-
hoods were affected by heat stress (Garg et al. 2017). Farm-
ing community reported that self-assessment and informa-
tion broadcast by electronic media are the most common 
sources of information about coping with heat stress. While 
talking about the preventive measures, people usually adopt 
the traditional measures (Gao et al. 2018); they do not have 
the proper knowledge and economic resources to adopt new 
technologies and tools to prevent heat stress. Increase in 
temperature, decline in precipitation, increase in humidity, 
increase in the frequency of heat stress, and extreme-climate 
events as a result of climate change affect the livelihood 
of the people (Adhikari et al. 2015). Poor people are the 
most vulnerable to any climatic and socio-economic stresses 
(Hope 2009). Migration is considered as an adaptation strat-
egy to reduce the livelihood (economic) vulnerabilities of 
climate change (Salik et al. 2017). Around 83% of peri-urban 
respondents reported that livelihood opportunities have 
shrunken at their previous location. Climate change impacts 
on agriculture production could be one of the reasons behind 
the shrinking of livelihoods (see Fig. 6). It is evident from 
the literature that benefits of migration outweigh its costs 
(Mueller et al. 2014; Scheffran et al. 2012). People become 
able to improve their level of income as they migrate from 
deprived rural areas to urban areas (Farooq et al. 2005).

2 Unscheduled load shedding taking toll on public in Faisalabad, can 
online be accessed at: https ://natio n.com.pk/10-Aug-2017/unsch edule 
d-loads heddi ng-takin g-its-toll-on-the-publi c-in-faisa labad .

https://nation.com.pk/10-Aug-2017/unscheduled-loadshedding-taking-its-toll-on-the-public-in-faisalabad
https://nation.com.pk/10-Aug-2017/unscheduled-loadshedding-taking-its-toll-on-the-public-in-faisalabad
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Although migration provides an opportunity to improve 
the level of income of the migrants, however, in urban/
peri-urban areas, access to better livelihood opportuni-
ties is highly dependent upon level of education and skills 
(Khan et al. 2013). Our results show that the rural poor 
having a low level of education and skills have only been 
able to improve their livelihoods to a limited extent (De 
Haas 2010). Owing to this, majority of the rural labor 
migrants have low-income status and lives in peri-urban 
areas because of the high cost of living in urban centers 
(Sect. 3.2). As a result, they become more exposed to heat 
stress at their workplaces as well as at home, because they 
face high indoor temperature in less spacious houses and 
less green areas (Franck et al. 2013).

5  Conclusion

This study demonstrated that the numbers of heat-wave 
events are very likely to increase in future under the busi-
ness-as-usual scenario. As a consequence, the people’s 
vulnerability to heat stress would increase. They become 
more exposed to heat in terms of physical stress as well 
as its impact on livelihood. Poverty is found to be one of 
the key barriers to adaptation to heat stress. People have to 
work continuously in a hot environment to earn a livable 
income, as a result of which their productivity reportedly 
declined. Furthermore, lack of professional skills and edu-
cation reduces the workers’ ability to find a profitable and 
environmentally secure profession.

In the absence of an appropriate skill set, peri-urban labor 
force becomes more vulnerable to heat stress because of their 
lower living standard in peri-urban areas. Furthermore, we 
have found that improvement in thermal comfort level is highly 
dependent on the level of income, type of work, and availabil-
ity of heat-resistant equipments.

On the basis of our findings, this study proposed the follow-
ing policy measures:

• As we found in this study, improvement in thermal comfort 
is dependent on the level of income. Level of education and 
professional skills are the key to improve livelihood and 
level of income. For this reason, there is a need to invest in 
human capital of rural as well as of urban poor (to improve 
their skill, education, capacities, etc.) for better and effec-
tive labor productivity and professional development.

• There is a need to ensure the implementation of the labor 
laws to reduce their vulnerability and to provide them a 
safe and secure working environment. Furthermore, as we 
found that rural migrants are only able to improve their 
income to a limited extent, there is a need to enforce mini-
mum wage rate, thus enabling them to earn more and to 
become resilient to heat stress at both home as well as at 
work place.

• Due to budgetary constraints, this study focused only on 
80 households (40 from rural and 40 from peri-urban) 
to understand the differences in exposure, impacts, and 
responses to heat stress. To get more into the subject, it 
would be appreciative to do similar work with more num-
ber of household participation in the survey as well as the 

Fig. 6  How important the fol-
lowing reasons are in migration 
decision (peri-urban)
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use of scientific tools to measure indoor and outdoor tem-
perature.

Acknowledgements This study is based on the Pathways to Resilience 
in Semi-Arid Economies (PRISE) project, funded by Canada’s Inter-
national Development Research Centre (IDRC) and the UK’s Depart-
ment for International Development (DFID) through the Collaborative 
Adaptation Research Initiative in Africa and Asia (CARIAA).

Compliance with Ethical Standards 

Conflict of Interest Statement On behalf of all authors, the corre-
sponding author states that there is no conflict of interest.

References

ADB (2013) The urbanization–poverty–inequality triangle in Asia and 
the Pacific. Asian Development Bank technical assistance report

Adhikari U, Nejadhashemi AP, Woznicki SA (2015) Climate change 
and eastern Africa: a review of impact on major crops. Food 
Energy Secur 4:110–132

Batool Z, Abbasi SRS, Zafar MI, Hameed S (2008) Evaluation of 
risk factors and prevalence of depressive disorders among rural 
females in district Faisalabad. J Anim Plant Sci 18(2–3):89–93

De Haas H (2010) Migration and development: a theoretical perspec-
tive. Int Migr Rev 44(1):227–264

Depietri Y, Welle T, Renaud FG (2013) Social vulnerability assess-
ment of the Cologne urban area (Germany) to heat waves: links to 
ecosystem services. Int J Disaster Risk Reduct 6:98–117

Farooq M, Mateen A, Cheema MA (2005) Determinants of migration 
in Punjab Pakistan: a case study of Faisalabad metropolitan. J 
Agric Soc Sci 1(3):280–282

Franck U, Krüger M, Schwarz N, Grossmann K, Röder S, Schlink U 
(2013) Heat stress in urban areas: indoor and outdoor tempera-
tures in different urban structure types and subjectively reported 
well-being during a heat wave in the city of Leipzig. Meteorol Z 
22:167–177

Gao C, Kuklane K, Östergren PO, Kjellstrom T (2018) Occupational 
heat stress assessment and protective strategies in the context of 
climate change. Int J Biometeorol 62(3):359–371

Garbarino S, Holland J (2009) Quantitative and qualitative methods in 
impact evaluation and measuring results. Issue paper; Governance 
and Social Development Resource Centre (GSDRC), UK

Garg T, Jagnani M, Taraz V (2017) Effects of heat stress on physiol-
ogy and livelihoods: implications for human capital accumulation, 
Working paper

GoP (2011) District level employment trends 2009–2010. Ministry 
of Finance Statistic Division Government of Pakistan, Islamabad

GoP (2014) Economic Survey of Pakistan 2013–14. Ministry of 
Finance Statistic Division, Government of Pakistan, Islamabad

Hajizadeh R, Golbabaei F, Monazzam M, Farhang-Dehghan S, Ezadi-
Navan E (2015) Productivity loss from occupational exposure 
to heat stress: a case study in Brick Workshops/Qom-Iran. Int J 
Occup Hyg 6:143–148

Hatcher C (2017) Rural urban linkages: in the context of sustainable 
development and environmental protection. Global Land Outlook, 
working paper

Hope Sr KR (2009) Climate change and poverty in Africa. Int J Sustain 
Dev World Ecol 16:451–461

Hussain I (2014) ‘Urbanization in Pakistan’ Keynote address delivered 
at South Asia Cities conference and Pakistan Urban Forum, 9 
Jan 2014

Jacob D, Elizalde A, Haensler A, Hagemann S, Kumar P, Podzun R, 
Rechid R, Remedio AR, Saeed F, Sieck K, Teichmann C, Wil-
helm C (2012) Assessing the transferability of the regional climate 
model REMO to different coordinated regional climate downs-
caling experiment (CORDEX) regions. Atmosphere. https ://doi.
org/10.3390/atmos 30101 81

Khan M, Akhtar S, Mehmood HZ, Muhmood K (2013) Analysing 
skills education and wages in Faisalabad: implications for labour 
market. Procedia Econ Finance 5:423–432

Khan AW, Moshammer HM, Kundi M (2015) Industrial hygiene occu-
pational safety and respiratory symptoms in the Pakistani cotton 
industry. BMJ Open 5:007266

Kjellstrom T (2016) Impact of climate conditions on occupational 
health and related economic losses: a new feature of global and 
urban health in the context of climate change. Asia Pac J Public 
Health 28:28S–37S

Kjellstrom T, Kovats RS, Lloyd SJ, Holt T, Tol RS (2009) The direct 
impact of climate change on regional labor productivity. Arch 
Environ Occup Health 64:217–227

Kjellstrom T, Briggs D, Freyberg C, Lemke B, Otto M, Hyatt O (2016) 
Heat human performance and occupational health: a key issue for 
the assessment of global climate change impacts. Annu Rev Public 
Health 37:97–112

Kreft S, Eckstein D, Melchior I (2016) Global climate risk index 2017: 
who suffers most from extreme weather events? Weather-related 
loss events in 2015 and 1996 to 2015. Germanwatch Nord-Süd 
Initiative eV, Bonn

Kugelman M (ed) (2014) Pakistan’s runaway urbanization: What can 
be done?. Wilson Center, Washington

Lewin AC, Stier H (2003) Immigration, state support, and the economic 
well-being of the elderly in Israel. Res Aging 25(3):195–223

Lin RT, Chan CC (2009) Effects of heat on workers’ health and pro-
ductivity in Taiwan. Glob Health Action 2:2024

Lundgren K, Kuklane K, Gao C, Holmer I (2013) Effects of heat stress 
on working populations when facing climate change. Ind Health 
51:3–15

Majid H, Zahir H (2013) Farmer adaptability to climate change: the 
role of socio economic factors in agricultural productivity. IDRC 
Working Paper Series

Mueller V, Gray C, Kosec K (2014) Heat stress increases long-
term human migration in rural Pakistan. Nat Climate Change 
4:182–185

Nicodemus M, Ness B (2010) Peri-urban development, livelihood 
change and household income: a case study of peri-urban Nya-
hururu, Kenya. J Agric Ext Rural Dev 2(5):73–83

Opitz-Stapleton S, Sabbag L, Hawley K, Tran P, Hoang L, Nguyen 
PH (2016) Heat index trends and climate change implications for 
occupational heat exposure in Da Nang Vietnam. Climate Serv 
2:41–51

Park J, Hallegatte S, Bangalore M, Sandhoefner E (2015) Households 
and heat stress: estimating the distributional consequences of cli-
mate change. World Bank Policy Research Working Paper 7479

Rehman A, Jingdong L, Chandio AA, Hussain I (2017) Livestock 
production and population census in Pakistan: determining their 
relationship with agricultural GDP using econometric analysis. 
Inf Process Agric 4:168–177

Rubin GJ, Bakhshi S, Amlôt R, Fear N, Potts HW, Michie S (2014) 
The design of a survey questionnaire to measure perceptions 
and behaviour during an influenza pandemic: the Flu TElephone 
Survey Template (FluTEST). In: Health Services and Delivery 
Research, vol 2, no. 41. NIHR Journals Library, Southampton, UK

Saeed F, Suleri AQ (2015) Future heat-waves in Pakistan under IPCC’s 
AR5 climate change scenario. SDPI policy brief #46

https://doi.org/10.3390/atmos3010181
https://doi.org/10.3390/atmos3010181


642 M. A. Umar et al.

1 3

Saeed F, Salik KM, Ishfaq S (2016) Climate induced rural-to-urban 
migration in Pakistan. PRISE Working Paper. http://prise .odi.org/
wp-conte nt/uploa ds/2016/01/Low_Res-Clima te-induc ed-rural -to-
urban -migra tion-in-Pakis tan.pdf. Accessed 13 Aug 2018

Saeed F, Almazroui M, Islam N, Khan MS (2017) Intensification of 
future heat waves in Pakistan: a study using CORDEX regional 
climate models ensemble. Nat Hazards 87:1635–1647

Salik KM, Qaisrani A, Umar M.A, Ali SM (2017) Migration futures 
in Asia and Africa: economic opportunities and distributional 
effects—the case of Pakistan. PRISE Working Paper. http://prise 
.odi.org/resea rch/migra tion-futur es-in-asia-and-afric a-econo mic-
oppor tunit ies-and-distr ibuti onal-effec ts-the-case-of-pakis tan/. 
Accessed 13 Aug 2018

Scheffran J, Marmer E, Sow P (2012) Migration as a contribution to 
resilience and innovation in climate adaptation: social networks 
and co-development in Northwest Africa. Appl Geogr 33:119–127

Shah N, Abbas F, Abbas Y, Haider SA, Khan Q, Asghar N, Noor S, 
Abbas SN, Ali N, Ali A (2015) Assessment of the workplace 
conditions and health and safety situation in chemical and textile 
industries of Pakistan. Science 3:862–869

Smith MD, Saywell DL (1998) Basic services in peri-urban areas. 
AGUA `98 (Agua y sostenibilidad) International conference and 
seminar, CINARA, University of Cali, Columbia, June

Smith KR, Woodward A, Campbell-Lendrum D, Chadee DD, Honda 
Y, Liu Q, Olwoch JM, Revich B, Sauerborn R (2014) Human 
health: impacts, adaptation, and co-benefits. In: Climate change. 
pp 709–754

Tacoli C (2009) Crisis or adaptation? Migration and climate change in 
a context of high mobility. Environ Urban 21:513–525

Venugopal V, Chinnadurai JS, Lucas RA, Kjellstrom T (2015) Occu-
pational heat stress profiles in selected workplaces in India. Int J 
Environ Res Public Health 13:89

WB (2014) Pakistan: Country snapshot, no. 91629, World Bank, Wash-
ington, DC. http://docum ents.world bank.org/curat ed/en/75811 
15078 87869 177/Pakis tan-Count ry-snaps hot. Accessed 13 Aug 
2018

Zahid M, Rasul G (2010) Rise in summer heat index over Pakistan. 
Pak J Meteorol 6:85–89

http://prise.odi.org/wp-content/uploads/2016/01/Low_Res-Climate-induced-rural-to-urban-migration-in-Pakistan.pdf
http://prise.odi.org/wp-content/uploads/2016/01/Low_Res-Climate-induced-rural-to-urban-migration-in-Pakistan.pdf
http://prise.odi.org/wp-content/uploads/2016/01/Low_Res-Climate-induced-rural-to-urban-migration-in-Pakistan.pdf
http://prise.odi.org/research/migration-futures-in-asia-and-africa-economic-opportunities-and-distributional-effects-the-case-of-pakistan/
http://prise.odi.org/research/migration-futures-in-asia-and-africa-economic-opportunities-and-distributional-effects-the-case-of-pakistan/
http://prise.odi.org/research/migration-futures-in-asia-and-africa-economic-opportunities-and-distributional-effects-the-case-of-pakistan/
http://documents.worldbank.org/curated/en/758111507887869177/Pakistan-Country-snapshot
http://documents.worldbank.org/curated/en/758111507887869177/Pakistan-Country-snapshot

	Preface
	Centennial Heat Wave Projections Over Pakistan Using Ensemble NEX GDDP Data Set
	Abstract
	1 Introduction
	2 Study Area
	3 Data and Methodology
	4 Results
	4.1 Changes in Heat Wave Events Fixed Method
	4.2 Changes in Heat Wave Events HWDI
	4.3 Changes in Heat Wave Days HWDI
	4.4 Trend Analysis and Box Plot

	5 Summary and Conclusion
	Acknowledgement 
	References

	What Defines Livelihood Vulnerability in Rural Semi-Arid Areas? Evidence from Pakistan
	Abstract
	1 Introduction
	1.1 Rural Economy in Semi-Arid Pakistan

	2 Literature Review
	3 Methods
	4 Computational Method
	4.1 Study Sites and Data Collection
	4.1.1 Faisalabad
	4.1.2 Khan
	4.1.3 Mardan


	5 Results
	5.1 Livelihood Vulnerability Index
	5.2 Farmers’ Vulnerability Experiences
	5.3 Adaptation Strategies for Farmers

	6 Discussion
	6.1 Climate Change, Extreme Events and Agricultural Vulnerability
	6.2 Adapting Agriculture to Climate Change and Climate Extremes

	7 Conclusion and Policy Recommendations
	Acknowledgements 
	References

	Future Climate Change Projections of the Kabul River Basin Using a Multi-model Ensemble of High-Resolution Statistically Downscaled Data
	Abstract
	1 Introduction
	2 Study Area, Models, Data, and Methodology
	2.1 Study Area
	2.2 Data
	2.3 Methodology

	3 Results and Discussion
	3.1 Historical Climate
	3.2 Future Climate Change

	4 Summary and Conclusions
	Acknowledgements 
	References

	Unpacking Climate Impacts and Vulnerabilities of Cotton Farmers in Pakistan: A Case Study of Two Semi-arid Districts
	Abstract
	1 Introduction
	2 Data and methodology
	2.1 Calculation of vulnerability index

	3 Results and discussion
	3.1 Future cotton production trends
	3.2 Vulnerability assessment at farm level
	3.2.1 Exposure
	3.2.1.1 Frequency of climate events 

	3.2.2 Sensitivity
	3.2.2.1 Number of male and female labourers involved in agricultural activities 
	3.2.2.2 Percentage of farmers (respondents) affected by climate events 
	3.2.2.3 Percentage of population dependent on canal water for irrigation 

	3.2.3 Adaptive capacity
	3.2.3.1 Education 
	3.2.3.2 Livelihood diversification 
	3.2.3.3 Wealth status 
	3.2.3.4 Access to financial services and post-disaster compensation 
	3.2.3.5 Access to weather information 
	3.2.3.6 Early warning 


	3.3 Vulnerability Index
	3.3.1 Comparative vulnerabilities across different landholdings
	3.3.2 Comparative vulnerabilities across UCs


	4 Conclusion and way forward for promoting climate resilient cotton production in Pakistan
	Acknowledgements 
	References

	Climate Change Risk Perception and Youth Mainstreaming: Challenges and Policy Recommendations
	Abstract
	1 Introduction
	1.1 Literature Review
	1.2 Research objectives
	1.3 Research Hypothesis

	2 Methods
	3 Results and Discussion
	3.1 Chi-Square Results

	4 Conclusion and Future Implications
	Acknowledgements 
	References

	The National Climate Change Policy of Pakistan: An Evaluation of Its Impact on Institutional Change
	Abstract
	1 Introduction
	2 Evaluation of Climate Policies
	3 Methodology
	4 Analysis of the Study
	4.1 Accessibility
	4.2 Policy Background
	4.3 Goals
	4.4 Resources
	4.5 Monitoring and Evaluation
	4.6 Political and Public Opportunity
	4.7 Obligations

	5 Two Comparative Expert Views on Motivation and Efficacy of the NCCP
	6 Discussion
	7 Conclusion and Final Remarks
	References

	Detrimental Effects of Climate Change on Women
	Abstract
	1 Introduction
	2 Vulnerability of Women to Climate Change
	2.1 Women, Climate Change and Agriculture
	2.2 Women, Climate Change and Loss of Biodiversity
	2.3 Women, Climate Change and Water Resources
	2.4 Women, Climate Change and Natural Disasters
	2.5 Women, Climate Change and Wars
	2.6 Women, Climate Change and Migration
	2.7 Women, Climate Change and PollutionEnvironmental Awareness
	2.8 Women, Climate Change, Health and Sanitation Issues
	2.9 Women, Climate Change and Loss of EducationDisempowerment
	2.10 Women, Climate Change and Loss of Security
	2.11 Women, Climate Change, Social and Psychological Issues
	2.12 Climate Change and Violation of Human Rights
	2.13 Women, Climate Change and World Economy

	3 Ecofeminism for Mitigation of Climate Change Effects on Women
	4 Conclusions
	Acknowledgements 
	References

	Vulnerability Assessment of Formal and Informal Credit Borrowers: In Flood Prone Zone of Punjab, Pakistan
	Abstract
	1 Introduction
	1.1 Objectives

	2 Data and Methodology
	2.1 Vulnerability Index
	2.2 Construction of Livelihood Vulnerability Index
	2.3 Data Collection
	2.3.1 Survey Area
	2.3.2 Cropping Profile in Sargodha District


	3 Results
	3.1 Inter-Governmental Panel on Climate Change (IPCC) Vulnerability Index
	3.2 Livelihood Vulnerability Index (LVI)

	4 Conclusion and Policy Recommendations
	4.1 Recommendations

	References

	Spatio-Temporal Analysis of Early Twenty-First Century Areal Changes in the Kabul River Basin Cryosphere
	Abstract
	1 Introduction
	1.1 Study Area

	2 Methodology
	2.1 Data Sources and Analysis
	2.1.1 Topography
	2.1.2 Snow Cover
	2.1.3 Description of Moderate Resolution Imaging Spectroradiometer (MODIS)


	3 Results and Discussion
	3.1 Snow Cover Dynamics for the Kabul River Basin
	3.2 Glacial and LeftoverPerennial Snow Area

	4 Conclusions and Recommendations
	Acknowledgements 
	References

	Climate Change-Induced Conflicts in Pakistan: From National to Individual Level
	Abstract
	1 Introduction
	2 Study Area
	3 Methodology
	4 Limitations
	5 Results and discussion
	5.1 Results on meaning of climate change and the biggest threats in the region
	5.2 Results on primary reasons of climate change in the region
	5.3 Results on changes in climate-induced disasters in past 20–25 years
	5.4 Results on Reasons of Conflicts in the Region
	5.5 Results on Climate-Induced Factors on the Conflicts Tendency
	5.6 Results on Most Common Causes of Conflicts

	6 Z test for Association
	6.1 Country Outlook
	6.2 Average Annual Loss (AAL) by Hazard
	6.3 Conflict Scenario
	6.4 Risk Indicators
	6.5 Conflicts and Climate Change Consequences
	6.6 Comparative Analysis of Similar Country
	6.7 A Case Study of Karachi
	6.8 Sea Intrusion
	6.8.1 Hypothesis 1
	6.8.2 Justification
	6.8.3 Hypothesis 2
	6.8.4 Justification
	6.8.5 Hypothesis 3
	6.8.6 Justification


	7 Outcome of Surveys
	8 Conclusion
	9 Recommendations
	References

	Assessment and Mitigation of Methane Emissions from Livestock Sector in Pakistan
	Abstract
	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	3.1 Quantification of GHG Emissions
	3.2 Productivity and Emission Intensities
	3.3 Mitigation Options

	4 Conclusions and Recommendations
	References

	Women’s Perception of Climate Change and Coping Strategies in Pakistan: An Empirical Evidence
	Abstract
	1 Introduction
	2 Materials and Methods
	2.1 Conceptual Framework
	2.2 The Econometric Model
	2.2.1 The Analytical Framework: Heckman sample selectivity model

	2.3 Data

	3 Results and Discussion
	3.1 Descriptive Analysis: Women’s Perception of Climate change
	3.2 Cross-Tabulation of Women’s Perception of Climate Change by Age, Education and Farming Experience
	3.2.1 Women Perception of Climate Change by Age
	3.2.2 Women Perception of Climate Change by Education
	3.2.3 Women’s perception of climate change and their farming experience

	3.3 Coping Strategies Adopted by Women
	3.3.1 Coping StrategiesMechanisms Followed by the Women During Last 5 Years
	3.3.2 Cross-Tabulation of Coping Strategies Adopted by Women by Age and Education
	3.3.3 By Education

	3.4 Empirical Model: Results and Discussion

	4 Conclusion and Policy Outcomes
	References

	Understanding the Interdependence Between Worker Livelihoods and Decent Work at Certified and Non-Certified Mango Orchards in Pakistan
	Abstract
	1 Introduction
	1.1 Problem Statement
	1.2 Goals and Objectives

	2 Mango Industry and Value Chains in Pakistan
	2.1 Industry
	2.2 Traditional Versus Best-Practices Value Chain and Role of Decent Work Certification

	3 Conceptual and Empirical Framework
	3.1 Conceptual Framework
	3.2 Empirical Framework

	4 Data
	4.1 Descriptive Statistics and Decent Work Indicators

	5 Results and Conclusions
	5.1 Decent Work and Livelihoods (Income) Models (DLM)
	5.2 Economic Upgrading Through Decent Work
	5.3 Physical and Human Upgrading Through Decent Work
	5.4 Social Upgrading Through Decent Work
	5.5 Conclusions and Policy Recommendations

	References

	Exposure, Impacts, and Responses to Heat Stress: A Comparison Between Rural and Peri-urban Poor Population
	Abstract
	1 Introduction
	2 Methodology
	3 Results
	3.1 Future Projection of Heat Waves
	3.2 Socio-Economic Profile of Respondents and Their Households
	3.3 Exposure to Heat Stress
	3.3.1 At the Place of Work
	3.3.2 At the Place of Residence

	3.4 Impact of Heat Stress on Health

	4 Discussion
	5 Conclusion
	Acknowledgements 
	References




