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ABSTRACT
Climate change has extensive impacts on global agricultural systems, food security and 
bionetworks. Currently Pakistan is passing through a thriving phase of climate change threats 
due to its typical Agro-geo climatic position, and prevalent poverty. This study was conducted 
in the Institute of Agricultural and Resource Economics, University of Agriculture, Faisalabad, 
Pakistan during the year 2019. The study aims at estimation of socioeconomic impacts of climate 
change on current and future agricultural production system of Punjab, Pakistan. It evaluated 
economic impacts of yield reductions resulting from climate change on farm households by TOA-
MD model. Primary data on socioeconomic and crop production variables were collected from 
165 farmers located in five districts of Punjab. Downscale climate data, crop model simulation 
outputs, RAPs and secondary data from global economic models were utilized in the analysis. 
The results of impacts analysis show that there would be significant negative impacts on current 
and future cotton production as cotton is highly sensitive to climate variations. Wheat production 
is relatively less sensitive to climate change and benefited from increased carbon dioxide 
concentration in some GCMs. Farmers of Cotton wheat cropping system of Punjab would be 
economic losers as net economic impacts are negative for all GCM in APSIM (Agricultural 
Production Systems simulator) and DSSAT (Decision Support System for Agro-technology 
Transfer). This would lead to increase in poverty in farming community. It is suggested that 
adaptation and mitigation strategies must be explored and practiced limiting the potential climate 
change damages in Pakistan.
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INTRODUCTION
The impacts of climate change are extensive on 
agricultural systems, bionetworks and food security. 
It has been projected that the temperature of earth 
will rise by 3 degrees Celsius by 2040 and by 1.5 to 
2 degrees Celsius by the end of this century (IPCC, 
2013). Global food security is linked to sustainable 
agricultural production systems all over the world, and 
these production systems are solemnly dependent on 
the natural ecosystem and climatic conditions. Crop 
and livestock yields are closely linked with temperature, 
rainfall, radiation and winds (Smit and Wandel, 2006).  
Climate change will affect food security and  poverty 
at same time by affecting the production and resource 
availability (Butt et al., 2005).
Climate change will also threaten the global food 
security in the presence of rising human population 
and exploitation of natural resources. Population 
located in South Asia would suffer at large in terms of 
food insecurity (Fujimori et al., 2017). These countries 
had less human, institutional and financial capacity to 

anticipate and adopt the climate change impacts. In 
recent years, 96 percent of disaster related death occur 
in developing nations. (OECD, 2015). Per hectare 
yield of cereals would decline by 30 percent in south 
Asia and the loss of gross per capita water will be 37 
percent (Parry et al., 2007).
Population pressure in developed and developing 
economies hinders the fruits of economic prosperity. 
The world is facing disparity and income inequalities 
in different regions and within countries the global 
top 1 percent earners captured the double growth as 
compared to 50 percent poorest individuals (WIR, 
2018).  Asia is also contributing highest in terms of 
global agriculture value addition, its share was 49.8 
percent in 2013(WDI, 2018). It is evident that changing 
climate is likely to depress the world crop yields and 
increase production risks (IPCC, 2001).
Pakistan is one of the most vulnerable country 
regarding climatic calamites due to its warm weather, 
geographical location and its river mostly fed by 
glaciers that are receding rapidly. It is projected that 
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temperature in Pakistan would be increased by 4 
degrees Celsius and the rainfall pattern will also 
change on temporal and spatial scales.  In the same 
way the water availability would be changed due 
to melting of glaciers (Rasul et al., 2012). Climate 
variations are posing serious threats to water, food 
and energy security. The most vulnerable countries 
by climate change are Bhutan, Indonesia, Pakistan, 
Papua New Guinea, PRC, Sri Lanka, Thailand, Timor-
Leste, Uzbekistan, and Vietnam (ADB, 2009). Pakistan 
ranked 12th in Climate Risk Index due to exposure 
of extreme events from 1993 to 2012 (Kreft et al., 
2015). Pakistan is also included in top 12 countries 
list of World Bank that are highly exposed to changing 
climate (Nomman and Schmitz, 2011).
Pakistan economy is agro-based with strong backward 
and forward linkages. Climatic variations drastically 
affect the sustainability of climate sensitive agriculture 
and rural development in Pakistan as most of the 
population is linked with agriculture for livelihood and 
income generation (IPCC, 2014). Consequently, the 
debate has now shifted from high level advocacy on “the 
need to act”, as this argument seems to be essentially 
over, to regional and country level responses on “how 
to adapt” (Schiermeier, 2007; Wilby, 2010). 
Objective of this study was to find the vulnerability of 
current agricultural production system in cotton wheat 
cropping system of Punjab Pakistan with following 
goals:-

•	 To estimate the sensitivity of climate change on crops 
and livestock production system(s).

•	 To determine the socioeconomic impacts of projected 
climate change on farming community.

•	 To suggest appropriate policy options that will be 
helpful for the planning of climate contingencies in 
agriculture sector.

MATERIALS AND METHODS
This study was conducted in the Department of Institute 
of Agriculture and Resource Economics, University 
of Agriculture, Faisalabad, Pakistan during the year 
2019. Cotton wheat cropping system was selected due 
to high variation in cotton production over period and 
sensitivity of cotton crop regarding climatic variations. 
Wheat is an important crop its share in GDP is 1.9 
percent, while the share of cotton crop is 1 percent 
(GOP, 2017). In addition to cotton crop Fodder crop 
and Livestock is also major contributor to farm income. 
To assess the climate change impacts we consider 
the wheat, cotton, fodder crops and Livestock. The 
primary and secondary data were used in two climate 
crop models APSIM (Agricultural Production Systems 
Simulator) and DSSAT (Decision Support System 
for Agro-technology Transfer). Primary data from165 
farmers were collected using a well-structured detailed 
questionnaire. The population was of heterogeneous 
nature, therefore, stratified random sampling technique 
was used. The districts included namely Bahawalnagar, 
Bahawalpur, Lodhran, Multan and Rahim Yar Khan. 
Two villages were taken randomly from each district. 
Each district was taken as a separate stratum, because 
of its own climatology and topography. From each 
stratum, at least 33 respondents (15 farms from each 
village) were chosen randomly so that the selected 
sample could be the true representative of the farming 
population.

Five General Circulation Models (GCMs) under RCP 
4.5 and 8.5 were used to generate future weather 
data. Two crop models (DSSAT and APSIM) were 
used to simulate yield and to assess climate change 
impact. Past and future time periods evaluated in the 
simulations were 1981-2010 and 2039-2069 (Baig et 
al., 2014; Ahmad et al., 2015).

Fig. 1.  Map of Study Area
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TOA-MD model analyses the farming system and 
assess the impacts of climate change on all the 
activities of farming system (Claessens et al., 2012). 
The activities of farming system in this analysis were 
Crops (Cotton and wheat), Livestock and minor crops. 
The farm returns (system (h), Subsystem (s) and 
Activity (g) are defined as, 

Rhsg = Phsg Yhsg – Chsg – Fhsg/Δ …….. (1)
Rhsg = Returns with system (h), Subsystem (s) and 
Activity (g) (Rupees/farm/Year) 
Phsg = Output Price for activity (Rupees/ farm/ year)
Yhsg = Yield for activity (Y/ farm/ Year)
Chsg= Variable cost for Activity (Rupees/ farm/ year)
Fhsg = Fixed Cost of activity (Rupees/ farm/ year)

To model the system with multiple activities it required 
to determine the composition of complete system and 
deriving the mean and variances of each subsystem 
(Antle et al., 2015). The returns to each subsystem is 
constructed as a weighing average of each activity of 
the subsystem as whsg. 
Farmers choose to remain in System 1 or switch to 
System 2 based on the opportunity cost (or the gain or 
loss from switching) given by:

  …….. (2)

 1 and  2 are net returns for system 1 (without 
climate change) and System 2 (with climate change), 
respectively. This model is widely applicable to 
assess impacts because it utilizes a generic model 
structure that can be parameterized with data available 
from a variety of sources, including farm surveys, 
experimental data, simulated data from bio-physical 
simulation models, and expert judgment (Antle and 
Valdivia, 2011).

Per capita income is calculated by aggregating farm, 
nonfarm income and family size. The family size was 
defined the number of family members feed by same 
stove. Thus, the approximation of mean of per capita 
income is calculated by

   …….. (3)

I = Nonfarm income
H = Household Size

 = Variance of H
Head count poverty indicator is the population that is 
below the poverty line based on a normal distribution 
of PCI with the mean and variances for each sub 
population.

RESULTS AND DISCUSSION

The Climate change impacts varies according to 
crop, Climatic model, RCP, geographical location 
and crop model. The results showed that cotton is 
highly sensitive crop regarding changes in climatic 
conditions, while wheat has also negative impacts but 
as compared to cotton wheat impacts are small and 
wheat crop also benefited in some climatic scenarios 
in this region. The cotton yield could be reduced from 
8 to 81 percent, the minimum reduction is in cool wet 
GCM and maximum crop yield losses are observed in 
hot and dry scenarios (Table 1, Fig. 1 to 4). For cotton 
crop APSIM crop model showed high yield reduction 
as compared to DSSAT. On an average APSIM model 
showed that there will be decrease in cotton yield by 
51 percent under RCP 4.5 and 62 percent under RCP 
8.5 whereas DSSAT model showed average 31.1 and 
30.4 percent yield reduction under RCP 4.5 and 8.5 
respectively. For wheat yield changes ranges from +8.7 
to -14.4. The APSIM model showed the yield reduction 
of 5.18 and 4.58 under RCP 4.5 and 8.5. DSSAT model 
showed the yield reduction of 2.4 and 2.8 under RCP 
4.5 and 8.5.  (add references).

Fig. 2 to 5 show the relative yield distribution of cotton 
and wheat under APSIM and DSSAT for RCP 4.5 & 
8.5. The variation is relative yield is high under APSIM 
as compared to DSSAT. Variation is high for Cotton 
crop as compared to wheat.

Table 1. Mean changes in the yield of cotton and wheat crops 

Crops Crop Model-RCPs
Global Circulation Models (GCMs)

Middle Hot Dry Cool Dry Hot Wet Cool Wet Aggregate

Cotton

APSIM_4.5 -43.5     -67 -29.6 -65.2 -51.1 -51.2
APSIM_8.5   -44     -81       -54       -82      -50 -62.2
DSSAT_4.5 -30.9 -40.1 -13.1 -32.8 -38.6 -31.1
DSSAT_8.5   -14     -53 -31      -46   -8.0 -30.4

Wheat

APSIM_4.5   -1.5  -14.1 1.4      -0.4 -11.3 -5.1
APSIM_8.5 -12.5  -11.5 -0.2      -0.3 2.1 -4.4
DSSAT_4.5 1.8  -10.6 -2.1      -6.7 5.2 -2.4
DSSAT_8.5 2.1  -14.4 -3.7      -6.7 8.7 -2.8

Source: Based on Crop Model Simulation (APSIM & DSSAT)
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Cotton and wheat are important cash crops and farm 
income relied on the yield and returns of these crops in 
this area. But relative yield indicated that cotton yield 
is susceptible to climatic variations. The decrease in 
yield will have multifaceted impacts from farm to trade 
economy. Industrial output also relies on the farm in 
terms of input so there would be severe impacts of 
climate change on economy if the proper adaptation 
and policies are not implemented timely. The results 
exhibited that decreasing yield would affect badly the 
net farm returns, Per capita income and ultimately 
rural poverty profile. Current time is more crucial in 
terms of farm socioeconomic impacts because of 
static market structure and constant parameters. Five 
General Circulation Model under two RCP 4.5 and 8.5 
were used to analyses the relative yield socioeconomic 
impacts under APSIM and DSSAT.  It is evident that the 
increasing temperature and variation in rainfall pattern 
will change the agricultural production systems in the 
long run and the future agriculture production system 
will be largely dependent on the climatic variation. 
The current production system also affected badly by 
current climatic variation indicated by relative yields. 
Decreasing yields would result in change of net farm 
returns and per capita income. Current impacts provide 
us a glimpse of the problem that would be bigger in 
impact in future.
Aggregated results of 165 farmers are shown in Table 
2. The results of APSIM model shows that at aggregate 
level 65.5 to 87 percent households would be vulnerable 
under mild climatic conditions while vulnerability would 

be 77 to 92 percent under harsh climatic scenarios. 
DSSAT model shows that at aggregate level 59 to 80 
percent households would be vulnerable under mild 
climatic conditions while vulnerability would be 61 to 87 
percent under harsh climatic scenarios. It exhibits that 
APSIM model is giving more impacts than DSSAT, on 
the other hand there is significant difference between 
mild and harsh climatic scenarios.
Net impacts (Fig. 5-6) show that there will be more 
negative impacts of changing climatic conditions on 
cropping system. In case of APSIM change in poverty 
from between 21 to 112 percent under mild climatic 
scenarios and 61 to 195 percent under harsh climatic 
scenarios. For DSSAT change in poverty ranging from 
7 to 46 percent under mild climatic scenarios and 14 
to 85 percent under harsh climatic scenarios. Poverty 
is increased due to climate change under all GCM, 
RCPs and crop models as net returns are negative and 
per capita income is also decreasing due to Climate 
change adverse impacts on cotton mainly.
The aggregate results of impacts on farm poverty 
are higher under RCP 8.5 in all GCMs as compared 
to RCP 4.5. RCP 8.5 is harsh climatic scenarios and 
the impacts on farm poverty are highest under hot dry 
scenario crops are sensitive to increase in temperature 
and water deficiency. On the other extreme the 
increase in poverty is large under hot wet climatic 
scenario because of cotton crop sensitivity to rainfall 
and humidity. The hot dry and hot wet both scenarios 
are critical for cotton.

Table 2. Climate Change impacts on Current Farming System

Crop Model RCPs
General 

Circulation 
Models

Vulnerable 
Households (%)

Net Economic 
Impacts (%)

Change in 
Poverty (%)

Change in
Net Returns 

(%)

Change in
Per Capita
Income (%)

APSIM

4.5

Cool Dry 65.6 -10.0 24.47 -13.50 -14.28
Hot Dry 87.0 -30.1 118.19 -38.57 -38.20
Middle 71.6 -15.1 51.98 -19.87 -20.90

Cool Wet 82.9 -23.5 67.47 -30.86 -29.90
Hot Wet 83.4 -25.8 101.19 -33.41 -33.89

8.5

Cool Dry 78.5 -20.9 66.90 -27.39 -27.66
Hot Dry 93.0 -40.2 202.82 -49.99 -48.77
Middle 77.4 -19.5 65.43 -25.79 -25.96

Cool Wet 74.3 -17.5 55.00 -23.07 -23.60
Hot Wet 92.3 -38.8 192.50 -48.43 -47.37

DSSAT

4.5

Cool Dry 60.3 -6.1 11.34 -8.33 -8.27
Hot Dry 80.4 -21.1 52.69 -27.82 -26.22
Middle 70.7 -13.6 32.96 -18.28 -17.51

Cool Wet 74.9 -16.3 35.05 -21.81 -20.14
Hot Wet 76.8 -17.8 41.87 -23.75 -22.64

8.5

Cool Dry 73.9 -15.5 34.62 -20.88 -19.90
Hot Dry 87.5 -29.0 92.38 -37.36 -35.69
Middle 61.6 -7.5 19.06 -10.23 -9.62

Cool Wet 77.2 -18.7 53.82 -24.84 -23.99
Hot Wet 83.4 -24.1 68.47 -31.59 -30.25

Maximum 93.40 -0.7 202.82 -8.33 -8.27
Minimum 60.52 -32.7 11.34 -49.99 -48.77
Average 78.06 -15.5 69.41 -26.79 -26.24
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Heat waves have resulted in water logging and salinity 
in the areas of southern Punjab. Cotton is considered 
as the cash crop of Pakistan and it is cultivated in 
Southern Punjab and some parts of Sindh. It requires 
high temperature during its growing season and cooler 
conditions at the time of harvesting. The extreme 
weather events like heat waves have badly affected 
its yield and has paved way to severe economy crisis 
in those years. Weather extremes (floods and heat-
waves) has depicted both agricultural and economic 
losses associated with the events. The recent floods in 
Pakistan were devastating but are likely not going to be 
captured by crop models that don’t have river floods.  
On the other hand, historical heat wave episodes have 
also been associated with major losses that too might 
not be represented in the crops/economics model 
approaches leading to unforeseen uncertainties.

Conclusion and policy Recommendations
The results of study show that there would drastic 
impacts on farm income by increase in temperature and 
humidity in cotton wheat cropping system of Punjab 
Pakistan. Cotton crop is relatively more sensitive 
towards climate change than wheat. Wheat is benefited 
by increase in carbon dioxide concentrations but 
harmed by increase in temperature. In all 78 percent of 
households are vulnerable to climate change. There is 
an increase of 69 percent of farm poverty by reducing 
27 percent net returns in current cotton wheat cropping 
system of Punjab, Pakistan.

“Tackling Climate Change is closely linked to poverty 
alleviation and economic development; I would call 
them different sides of the same coin.” 

 Paul Polman, CEO, Unilever

Climate change impacts are significant and most 
of farming community is highly vulnerable to these 
variations, it is imperative to formulate policies and 
action plan to better equip all the stakeholders 
(researchers, policy makers, producer and 
consumers). Research and development are not up 
the mark and preliminary in nature. Extent of impacts 
and adaptations depend upon the strength of research 
and development, extension, academia and policies 
in agricultural sector. Global emission and warming 
are uncontrollable, but we can strengthen our farming 
system to better perform in changing scenarios. Now all 
the stakeholders must be proficient to climate change 
impacts and try to identify farm adaptations. Important 
policy variables are competitive agricultural markets, 
heat and drought tolerant varieties, water storage, 
zoning, climate fund, land consolidation, agricultural 

insurance, income diversification and adjustment of 
farm management practices like sowing dates, fertilizer 
application method and dosage, sowing time, seed 
rate and planting geometry. 
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