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ABSTRACT 

Agricultural scenarios vary due to climate change because agriculture is highly dependent 

on weather patterns. Local climate shifts resulting from global climate change could have 

major impacts on crop yields and food security. In Pakistan, the temperature is rising by 

an average 0.5 °C per decade. Due to increasing temperatures, the crop water demand is 

expected to increase, and better crop management practices are necessary. There is a 

research gap about climate change impacts and adaptation to agricultural development in 

Pakistan. Quantification is necessary to provide decision makers adequate information to 

lessen the impacts of climate change or to adapt them. This is the purpose of climate 

change impact research and adaptation analysis.  

In this study, an important rice-wheat cropping system of Punjab was analysed. An 

extensive farm survey of 155 farmers was designed. From the study area, five districts 

were incorporated: Sheikhupura, Nankana Sahab, Hafizabad, Gujranwala and Sialkot. 

Yield simulations with two crop models, the Decision Support System for Agro 

Technology Transfer (DSSAT) and the Agricultural Production Systems Simulator 

(APSIM), were used in a socio-economic impact assessment. Five selected General 

Circulation Models (GCM) were used for crop modelling, and yield simulations were 

analysed for both crop models and each GCM. The Tradeoff Analysis Model for a 

Multidimensional Impact Assessment (TOA-MD) version 6 was used for the analysis. 

Climate change and adaptation impacts on poverty, net farm returns and per capita 

income were calculated for different scenarios. The major crop (wheat and rice) yield 

simulations, livestock and other related data for the analysis were taken from the 

‘AgMIP-Pakistan’ project database. The analysis was carried out on a per farm basis.  

The average total sampled farm area in each district was 176.5 hectare. In the case of 

wheat, the average farm output was 18,376 kg, and the mean net farm returns were PKR 

204,908. In case of rice crop, the average production was 18,376 kg, and the mean net 

farm returns were PKR 257,513. For cattles, the average milk production was 3,281 litre / 

farm and the mean net farm returns were PKR 59,813 per year in the study area. For 

sorghum and lucerne, the mean production was 135 tonnes per farm, and the mean net 

returns were PKR 54,189 per farm. In the case of jwar, maize and bajra, the mean 

production was 87.3 tonnes per farm, with mean net returns of PKR 29,032 per farm.  
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The study assessments revealed that in the case of climate change impacts on current 

agricultural production systems, the number of losers ranged from 73 to 85 percent. 

Losers are categorized as the farmers who would be economically worse off under a 

changed climate. With current climate, the observed poverty rate would be 24.4 percent, 

and for CC, the estimated poverty rates were from 28 to 32 percent. The results of CC 

influences on upcoming farming systems analysis indicated, number of losers would 

range from 59.5 to 77 percent. With current climate, the projected poverty rate would be 

12.8 percent; however, in the case of climate change, it would range from 13 to 15 

percent. The adaptation results indicated that the percentage of adaptation technology 

adopters would range from 65 to 76 percent. With adaptation strategies, the poverty rate 

would change from 11 to 13 percent in the study area. These findings indicated that 

proposed adaptations could have a significant impact on offsetting climate vulnerabilities. 
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INTRODUCTION         CHAPTER 1 
 

1.1 Background 

Climate change is a global phenomenon, and no country is immune (Storm, 2010). It is an 

important challenge facing the world today. Climate change (CC) is a result of global 

warming, which is caused by increasing greenhouse gases (GHG). According to the Inter-

governmental Panel on CC, in the middle of the current century, GHG levels are expected 

to increase from 550 ppm to 700 ppm if no policy to abate these emissions is adopted 

(IPCC, 2007). In this scenario, the temperature could rise from 3o to 6o C. The main cause 

of CC is economic development and industrialization that has a rapid increase in the 

concentration of GHG (Weitzman, 2007). Rising global temperatures will cause changes 

in weather patterns, a rise in sea levels, and increased frequency and intensity of extreme 

weather events. These effects will be felt globally and will disproportionately affect 

people in regions that are more severely exposed to CC. Global temperatures have 

increased at a rate of 0.6 °C per decade since industrialization. In the current millennium, 

temperatures are expected to increase up to 5.8 °C (Brohan et al. 2006; IPCC, 2010).  

The CC is exacerbating the existing vulnerabilities of poor populations, which are reliant 

on sustenance farming for their existence (Nelson et al., 2009). Crop growth cycles are 

heavily reliant on the temperature and its variations; therefore, rising temperatures over 

time are shortening the length of the seasons. Ultimately, these changes are negatively 

impacting the agriculture sector (GOP, 2012). Global warming (a rise in CO2, 

temperature, precipitation, glacial breaks and so on) is predicted to have a large impact on 

the agricultural sector. The extent of CC determines the capability of the ecosphere to 

provide enough food for human and livestock populations. Assessments of CC are 

designed to assist agricultural producers in anticipating future conditions and adapting 

their farming practices to optimize output (Schneider et al., 2007). At the same time, 

agricultural practices are also responsible for causing CC through the emissions of GHG 

such as nitrous oxide, carbon dioxide, and methane in the atmosphere.  

Global warming can induce early plantation, early maturity, and early harvesting and 

create a possibility for two or more cropping cycle completions during the same season. 

With the shortening of cropping cycles, yields can also decline due to a rise in night-time 

respiration. With the extension of the growing season, insects have more time for the 

completion of reproductive cycles during the spring, autumn and summer. With changing 
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wind patterns, the spread of crop diseases, such as those caused by wind-borne pests, 

bacteria, and fungi, has increased. With increased pest attacks, the use of pesticides has 

also increased. In the case of yearly crop growth, the duration between crop sowing and 

harvesting will lessen, e.g., the duration for harvesting of corn could be decreased. This 

decreased duration could have a drastic impact on production (Rosenzweig and Hillel, 

1995). The possible effects of CC on food production are not limited to crops and 

agricultural production. Climate change will have far-reaching consequences for dairy, 

meat, and wool production, mainly arising from its impact on grassland and rangeland 

productivity. Heat distress suffered by animals will reduce the rate of animal feed intake 

and result in poor growth performance (Rowlinson, 2008). 

Despite their differences, all regions of the world will face CC. The eventual climate 

effect will depend upon the regional conditions. Regions facing warmer conditions in 

spring and summer will face yield decreases. Each environmental change will have 

impacts on different growth and development processes (Francisco et al., 2008). In the 

case of South Asia, the temperature is expected to increase up to 4°C by 2050 

(Christensen et al., 2007). The Asian Subcontinent is also facing the brunt of CC and 

could face water resource and grain production impacts. There is an urgent need to cope 

with CC, as it is disturbing the overall welfare of countries. This remedial action is also 

important because all four dimensions of food security (food availability, food 

accessibility, food utilization and food systems stability) are vulnerable to CC (FAO, 

2008). 

The negative impacts of CC lead to food insecurity in the hot spots of developing 

countries; where there is an always growing population demanding more food from 

limited resources. Developing countries mainly rely on the agriculture sector, and this 

factor makes agricultural economists more conscious about agricultural production. In 

these countries, agriculture contributes a major share to the GDP, which cannot be 

ignored.  

Pakistan, like other South Asian countries, will be adversely affected by CC and 

temperatures will increase up to 3°C by 2040 (MOE, 2009). Pakistan in general and the 

Indus Delta in particular, may experience a 4 °C rise in temperature by the end of this 

century, at a rate of 0.5 °C rise per decade (Rasul et al. 2012). The intensity of abnormal 

meteorological events, such as heavy rainfall and drought, is expected to increase in 
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Pakistan. These anomalies will lead to increased uncertainties in crop production 

(Siddiqui et al., 2012).  

In Pakistan, the agricultural sector contributes 21 percent of the GDP, and this sector is 

also responsible for employing 43.7 percent of the working population in the country. Its 

share in the country’s exports is 18 percent (GOP, 2014). Given the vital importance of 

the agricultural sector to Pakistan’s economy and to the livelihoods of people, its 

vulnerability to CC cannot be ignored. Climate change generally affects agriculture 

through changes in temperature and precipitation. As is evident from past research, 

precipitation has increased by an average of 40 percent in the Southeast, and by 20 

percent in Northern Pakistan (IPCC, 2002). These changes are negatively impacting 

current and future economic performance. The future economic steadiness of Pakistan 

largely rests on the quantum of material resources and their wise utilization under 

changing climatic scenarios (Khaliq et al., 2009).  

Climate change is causing irreversible damages to Pakistan due to its tremendous social, 

environmental, and economic impacts (TFCC, 2010). The land area of Pakistan is 

characterized by arid and semi-arid regions (approximately 60 per cent of the area 

receives less than 250 mm of rainfall per year and 24 per cent receives 250-500 mm). 

Pakistan has continuously witnessed history's worst disasters since 2001. The Global 

Climate Risk Index of 2014 ranked Pakistan as the 12th most vulnerable country in the 

world. In a country like Pakistan, the effect of such extreme events elevates the level of 

CO2 concentrations, ultimately decreasing the productivity of crops in different cropping 

systems in the country (Mahmood et al., 2012). This decline in crop yields will exert 

pressure on food grain supplies and make it hard to cope with growing food demands due 

to high population growth. The decline in agricultural resources is another limiting factor 

that is aggravating the situation.  

The vulnerability of Pakistan to CC is also worsening the poverty of marginal farmers in 

the country (Rehman et al., 2015). There is also a growing threat to food security and to 

the country’s economy, and there is evidence that these problems may intensify in coming 

years (SDPI, 2013). Environmental degradation is causing an annual loss of 5.2 billion 

USD to the national economy. The problem is so huge that half of the country’s 

population is at risk due to CC (Mustafa, 2010).  



 

 

4 

 

 

 

 

 

Wheat and rice are the main cereal crops in Pakistan, and they are sown in most agro-

ecological regions of the country, with every region expressing varied social, 

hydrological, and climatic conditions. Wheat crops covered 9.03 million (M) hectares, 

producing 25.3 million tonnes from 2013-14. During the same period, rice was the second 

major crop after wheat. It was grown on 2.78 million hectares and produced a total of 6.8 

million tonnes (GOP, 2014). Rice and wheat are mainly grown in a Rice-Wheat cropping 

system in Punjab, due to its favourable climate. This region has a significant importance 

for the economy, as it has a well-developed irrigation system and receives 425-1200 mm 

rainfall per year (Jehangir et al. 2007). This cropping zone engages more than 1 million 

farm families that cultivate more than 1.1 M hectares of land. However, in recent years, 

this important cropping system has become extremely susceptible to CC impacts (Iqbal, 

2013). 

Quantification is necessary for decision makers to be able to develop suitable and timely 

plans to reduce the impacts of CC. The purpose of study is to assess the impact of CC 

under current and future scenarios and to estimate the benefits of proposed adaptations in 

a Rice-Wheat cropping system in Punjab province, Pakistan. This study aimed to fill a 

research gap by delineating the impact of CC on different socio-economic indicators of 

farmers in the study area. Although studies (Chandler et al. 2002; Sathaye et al., 2006) 

have been carried out at global and regional scales to evaluate the impact of CC, there is a 

substantial research lag about these issues in the study area.  

This study focuses on a new assessment technique (ex-ante) rather than using traditional 

approaches (ex-post), as the latter fails to provide a wide framework. Therefore, this study 

uses new techniques, i.e., an ex-ante impact assessment of CC, to assess policy impacts 

on the economic and environmental sustainability of agricultural production systems. 

Quantifications have been made for developing suitable recommendations to guide the 

decision making process and to offset the impact of CC.  
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1.2 Objectives 

This research had the following specific objectives: 

i. To determine the impact of CC on poverty, mean net farm returns, and per capita 

income in a Rice-Wheat cropping system of Punjab 

ii. To determine the impact of CC on future agricultural production systems in mid-

century, i.e., 2040-2069 

iii. To determine the benefits of potential adaptations to offset climate vulnerabilities  

iv. To make policy recommendations to help stakeholders in decision-making   

1.3 Hypotheses to be tested 

The following hypotheses are presented and tested in this study: 

i. Ho= Current agricultural production system is not vulnerable to CC 

H1= Current agricultural production system is vulnerable to CC 

ii. Ho= Future agricultural production system (2040-2069) is not vulnerable to CC 

H1= Future agricultural production system (2040-2069) is vulnerable to CC 

iii. Ho= Proposed adaptation package has no significant impact on reducing the 

vulnerabilities of future agricultural productivity to CC  

H1= Proposed adaptation package has significant impact on reducing the 

vulnerabilities of future agricultural productivity to CC  

1.4 Organization of Study 

This thesis is organized into five parts. Chapter 1 describes the background of the 

problem and motivation for this study, while describing the objectives and hypotheses to 

be tested. This chapter is followed by a literature review on the issues taken up in this 

study, with a special emphasis on Pakistan. In Chapter 3, the materials and methods used 

in the study are given. Results and discussion of the findings are explained in Chapter 4. 

The last chapter provides a summary, conclusions and recommendations. 
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1.5 Summary 

Climate change is occurring globally, and no country is immune. Climate change could 

have serious negative impacts on agriculture and food security. Because agriculture is the 

backbone of Pakistan’s economy, the future economic stability of Pakistan rests heavily 

on the extensive material resources and their wise utilisation under CC scenarios. Wheat 

and rice are the main cereal crops in Pakistan and are mainly grown in the Rice-Wheat 

zone of the country. However, this important cropping system is at risk from changing 

climatic conditions. The growing demand for food in the wake of population growth 

requires urgent action to cope with the impacts of CC. Traditional impact assessment 

techniques have failed to completely explain the complexity and scope of the problem. 

That is why an ex-ante technique has been employed in this study to allow for an 

integrated impact assessment of CC. The study objectives are aimed at assessing the 

impact CC in current and future scenarios, along with assessing the benefits of proposed 

adaptations to offset CC impacts.  
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LITERATURE REVIEW        CHAPTER 2 
 

Here, previous studies related to integrated economic impact assessments of CC are 

reviewed. The studies related to impact assessments of adaptation strategies to cope with 

CC are also reviewed. This chapter is divided into three sections. First, reviews related to 

CC impact assessments are given. In the second section, studies related to CC impacts on 

productivity are briefly reviewed. Third, impact assessment studies with prescribed 

adaptations to CC are detailed.  

2.1 Climate Change Impact Assessment 

Parry (1992) studied the potential socioeconomic impacts of CC on Southeast Asian 

countries. In the study, the impact of CC on the agricultural sector, especially on rice, 

maize, rubber, and oil palm crops, was estimated. In addition, these impacts were 

evaluated for water resources to understand their availability for consumption by humans 

and animals. The impacts of projected changes in sea level on prawn production and 

mariculture, including marine ecosystems, were also quantified. Different models, such as 

CERES for rice, maize and soybeans, were used. The socioeconomic impacts in 

Malaysia, Indonesia, and Thailand were measured by using case studies of specific 

regions and crops. Five major policy response types were considered. First, the economic 

response was considered, including changes to the existing tax structure, subsidies, and 

pricing systems. Second, the technological response was outlined. The third response 

related to institutional issues like enhanced market mechanisms, formal government 

regulations, and legal instruments. Fourth, research on formulating adequate response 

strategies was described. Finally, monitoring was considered, which could provide the 

necessary early warning to ensure timely action.  

Kaiser (1993) examined the potential impacts of gradual climate warming on agriculture 

at the farm level. To address the impacts of CC and agricultural adaptability, models of 

relevant fields such as agronomy, economics, and climate were developed. The study 

concluded that farmers in Southern Minnesota are capable of effectively adapting to 

changing climate by following proposed adaptations. The adaptation strategies involved 

late maturing cultivars, altered crop mixes, and changed timing of field operations. These 

were developed to take advantage of the longer growing season that resulted from climate 

warming. Potential economic and agricultural impacts of gradual climate warning at the 
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farm level were also quantified. Climate change was simulated as a dynamic process, and 

tactical decision-making mainly focused on simulation. 

Winters et al. (1996) studied the impact of global warming for Asia, Africa and Latin 

America by using the Comparable General Equilibrium (CGE) model. Their study 

investigated three selected zones that were facing agricultural losses, i.e., in exports and 

cereal crops, and thus income losses in the future. Africa was found to be the most 

affected region, and CC had a negative impact on its economy. The study recommended 

that more cereal crops be imported to generate foreign exchange in the international 

market.  

Yates (1998) assessed the integrated impact of CC on the agricultural economy of Egypt 

by using a quadratic programming model. In the first step, the results from a dynamic 

worldwide trade model were obtained. During the second stage, these data were used in 

an Egyptian sector model, including socioeconomic trends and international market prices 

of goods. Consumer benefits were determined to be more than producer benefits. This 

could be due to the conditions of the world market, which was diminishing the revenue 

generation capacity of exporters. By ignoring higher levels of water availability, CC 

scenarios indicated that producers were negatively influenced by CC. The results also 

indicated that countries with low levels of food imports were at higher risk from CC. The 

risk was deemed large enough to influence the world market, and thus, it might be a 

reason to shift the national agricultural economy.          

Frederick and Schwarz (2000) quantified the socioeconomic costs, extreme 

meteorological events, and costs from water decrease over time. The years 2030 and 2095 

were considered in the study. Three climate scenarios were considered during these time 

periods. To evaluate the capability of water to fulfil requirements, present and future 

demands were established in eighteen key zones. Variabilities considered over time 

included changes to water management organizations, the cost of non-traditional water 

sources, water supervision practices, and the structure of the economy. Organizations 

governing water use were scrutinized for the quantification of CC impacts as a socio-

economic indicator of water capital. The effects of CC were quantified in terms of 

variations in the costs of preserving the status quo under projected CC. These impacts 

were also quantified as non-irrigation; off-stream water uses to meet climate-altered 

demands.  
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Antle et al. (2001) developed a calculation for investigating the potential, using economic 

parameters, for carbon sequestration in farm soils. To achieve this, a crop ecosystem 

model was correlated with other models. The method indicated that the economic 

efficiency of soil carbon sequestration depended heavily on the costs of altering 

production practices. These practices were site related and were also related to the rates of 

soil carbon sequestration. A simulation was tried for dryland cereal farming systems on 

Northern America grasslands. The quantified results indicated the sensitivity of 

sequestration costs in policy design. The range of soil carbon sequestration values varied 

from USD 12 to 500 per metric tonne. These values relied on agreements or imbursement 

procedures for controlling the quantity of sequestered carbon. 

Turpie et al. (2002) studied the economic impact of climatic change in South Africa. By 

using 2000 as the base year, predictions were made for 2050. The study described the 

impact on natural and agricultural systems. In agriculture, system predictions were made 

for a major crop (maize), and the results indicated losses of USD 56.8 million in maize 

production systems. The effects of CO2 fertilization were not taken into account in the 

study. The analysis used the results of a study in South Africa. It also involved a case 

study to measure the impacts in an area that was not addressed. Issues of biodiversity loss 

were addressed. First-cut measurements of potential harm were addressed, which could 

rise without adaption efforts. The effects were assessed as impacts on natural, farm level, 

human-made, and human capital elements. Most of the parameters used change in 

production. In the analysis, the potential losses of natural heritage and Contingent 

Valuation Methods (CVM) were used. The results indicated that the gross domestic 

product (GDP) was 1.5 percent less in this scenario. The GDP was analogous to other 

subcontinents like America and Europe.  

Holden et al. (2003) used a simulation model to forecast the impact of climatic variables 

on the yields of barley and potato. In this study, barley was considered to be a 

representative cereal crop, produced in the climatic zone of Ireland. Potato, on the other 

hand, was considered an out-dated tuber root crop of Ireland. Potato is a water-sensitive 

crop. The effect of CC on crops yields was estimated by employing DSSAT, and 

production was rationalized using an overall climate model. Climatic durations for 500 

different sites in Ireland were generated. Barley exhibited small alterations from CC due 

to topographical scattering of different farms inputs. The results indicated that the western 

regions of the study area had increasing grain yield trends. Potato crop yields were 
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expected to fall in the future, and by 2055, the effects are projected to be more severe. 

Barley would be a feasible cereal crop in the future and might contribute greatly to 

increasing the number of cattle and to food availability.  

 Stoorvogel et al. (2004) explained the most widely used techniques for tackling 

sustainability issues in agricultural systems related to policy interventions and CC. 

Sustainability parameters were useful, but only if their numbers were limited. Methods to 

assess the trade offs between economic and climatic coefficients were proposed. To 

quantify these associations, a multi-disciplinary method was suggested, which required 

crop models and socio-economic models for the simulation. The linkage among these 

diverse models was established using explicit definitions of space and time based scales. 

Spatially explicit socio-economic and crop models were linked for the sake of the 

analysis. Findings from the study were presented as trade off curves between the selected 

parameters and risks diagrams. This method could be applied to analyse other scenarios 

displaying the impacts of these situations on the structure and shapes of the TOA curves. 

Recommendations in light of the results for the efficient use of inputs were given. 

Stoorvogel et al. (2004) proposed an approach for an assimilated estimation of trade offs 

among socio-economic and environmental parameters. There was increasing demand for 

methodologies to help in explaining the multifaceted nature of farming systems, and to 

incorporate a wide variety of sustainability matters. Other issues such as policy 

intervention, technological novelties, and variability in climatic factors over time were 

also linked with this approach. Sustainability parameters were helpful, but the 

relationships among them were also taken into account. A multi-disciplinary method was 

proposed to estimate these connections. This method needed to integrate both the crop 

and socio-economic models. The correlation among the models relied on the explicit 

definitions of spatial and temporal balances. The trade-off analysis model was used and 

was based on spatially categorical economic simulation models. This model was 

associated to crop models to simulate land use and input use decisions. This method had 

been used for a potato pasture production system. The study findings were described not 

only in the form of trade off curves among several parameters but also using maps and 

risk figures.  

 Fischer et al. (2005) explored studies of agricultural production worldwide based on 

socio-economic development paths. Associated variabilities in climate scenarios also had 

a significant importance in this regard. Climate change impacts were assessed relating to 
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several different factors of soil and crop growth output. Agricultural land limitations and 

related crop production potential were evaluated. The comprehensive results were then 

incorporated into an economic analysis to determine the impact of climate associated with 

development outcomes. Furthermore, temporal patterns of farm level output and demand 

for products were quantified. Indices such as hunger and malnutrition risks were derived. 

According to the results, severe impacts from climate change might reduce production 

and consumption behaviour gaps. It is possible that the proposed adaptation techniques 

could limit the potential damage from CC. 

Gbetibouo and Hassan (2005) used a Ricardian model for the South African region for 

wheat, sorghum, and other crops. A regression model was employed for assessing CC 

fluctuations. Farmer responses towards changes in the mean net farm revenues, along 

with other socioeconomic characteristics, were estimated. Both the positive and negative 

impacts on production and socioeconomic indicators were assessed. There may be 

positive effects on the production of maize, sorghum, sunflower, and soybean due to 

elevated temperatures. On the other hand, these temperature changes would adversely 

affect sugarcane and wheat crops. The study region already experiences high 

temperatures, and any further rise in temperature due to CC could cause serious problems. 

Data about climatic and edaphic factors in three hundred districts of South Africa were 

used for the analysis. Selected crop outputs were sensitive to slight variability in 

temperatures because such changes were associated with variations in rainfall. When 

considering CC, the season and location indicate the spatial distribution of CC impacts. 

Therefore, adaptations would not even cross the different agro-ecological zones of the 

study area. 

Mendelsohn (2005) provided initial evidence of the impact of CC in Pakistan by 

estimating losses. These estimated losses ranged from 2 to 16 billion USD. The losses 

were estimated as mild and extreme scenarios for Pakistan’s agricultural industry until the 

end of this century. The authors stressed the need for further empirical research in this 

region. The authors argued that, in addition to India, other countries should also be 

considered for CC impact assessments. This argument was put forward because in most 

CC impact assessment studies, India has been used as a proxy for all Southeast Asian 

countries. The also stressed that there was a need to refine and review the impacts of the 

regions’ vulnerability to CC. Furthermore, potential adaptation measures should also be 

identified for both farmers and the government sector. 
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Kurukulasuriya and Mendelsohn (2006) examined the effects of CC in Africa. This study 

was based on survey of 11 countries and 9000 farmers. A Recardian cross sectional 

approach was employed to measure the relationship between net crop revenue and 

climate. In the analysis, net crop revenue, water flow, soils, climate, and economic 

variables were considered. A positive relationship was found between precipitation and 

net crop revenue, but this relationship was negative in the case of temperature. The 

elasticity of the net crop revenue with respect to changes in the temperature means was 

1.3. This implied that a 10 percent increase in temperature was responsible for reducing 

the net crop revenues by 13 percent. In a collective farm study, there was a separate 

investigation of dry lands and irrigated lands. The elasticity of the net crop revenue with 

respect to temperature was -1.6 for dry land and 0.5 for irrigated lands. This was due to 

the location of the irrigated lands, as these lands were located in a cooler area of Africa. 

Elasticity with respect to precipitation was 0.5 for dry lands; however, it was 0.1 for 

irrigated lands. 

Antle and Valdivia (2006) conducted a measurable, back of the envelope analysis that 

was sufficiently accurate for informed decision-making. This method was applied in a 

study of ecosystem services. The supply of ecosystem services in the region was also 

debated. Ecosystem service supplies could be deduced from the spatial distribution of the 

opportunity costs of providing those services. This model could also be applied to 

developing a minimum-data method for the examination of ecosystem services supplies 

from agriculture. This model could be undertaken using a variety of available data sets. 

This approach was mainly implemented to estimate the quantity of carbon for 

sequestration on farmlands. A supply curve was constructed for the site related data, with 

sufficient accuracy for policy level study. This curve could estimate a supply curve from a 

further developed model. 

Deressa (2007) explained the economic effect of climatic change on Ethiopian agriculture 

by using a Recardian approach. The relationship between the net revenue and climate, 

households, and soil variables was evaluated with a regression model. The results 

indicated that a significant relationship exists among these indicators. Increasing 

temperatures and precipitation across four seasons were also analysed using a marginal 

impact analysis. Investigation resulted in decline in the net revenue per hectare in the 

summer and winter by USD 177 and USD 465, respectively. The study also examined the 

impact of climate scenarios on net revenue. Three models for two different years, 2050 
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and 2100, were used in the study. The results indicated that there were positive effects 

from CC on the net revenue in the year 2050, but it was negative for the year 2100. It 

could be concluded that both the increase in temperature and the decrease in precipitation 

negatively impacted farming activities in the study area. 

Diagana et al. (2007) applied the Tradeoff Analysis (TOA) model to quantify the 

economic potential for soil carbon sequestration in the study area. The quantification was 

reliant on the association of site-specific crop and economic models. Percentages of 

respondents in contracts to sequester carbon were estimated. Existing data regarding the 

climate and soils were used to apply crop growth models. Crop yields and variability in 

soil carbon stocks were quantified by using 9 different scenarios of high fertilizer usage. 

Extensive farm survey conducted in 2001 was used to quantify econometric simulation 

for the peanut-millet farming system. The combinations of high fertilizer use and crop 

residue amalgamation were causing the stock of marketable amounts of carbon. These 

stocks could be sequestered in the soils of the Nioro zone. Results for sensitivity analysis 

showed that the labor cost was necessary to obtain better data, and to apply carbon 

contracts. 

Schmidhuber (2007) reviewed the possible impacts of CC on food security. The results 

showed that there were four principle parts of food security i.e. accessibility, application, 

permanence, and approach. Only the first one was routinely addressed in the ex-ante 

assessments. The impacts of climate were significant, but these were intensely liable on 

expected economic development. Expected ranges were from 5 to 171 million, showing 

that these additional people would be at risk of hunger at the end of year 2080. Similar 

quantifications were made for impact of climate on the other parameters of food security. 

These findings were explained qualitatively, for showing the vulnerability of sources. At 

the end, the critics were made by giving the strengths and weaknesses of prevailing 

quantifications. Recommendations regarding new research avenues were also given. 

Immerzeel et al. (2008) used minimum data method to model the supply of ecosystem 

services. This model could possibly be implemented to water conservation in Tibet. 

Methodology incorporated the spatial heterogeneity of the crop growth, the climatic, and 

the socio-economic behaviour of farmers. A spatially distributed hydrological model was 

applied to quantify the impact of irrigation on evapotranspiration decrease, and stream 

flow increase in Tibetan farming catchment. Supply curves of preserved water from the 

distribution of net returns were constructed. Results showed that, it was hypothetically 
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possible to enhance the discharge, out of the catchment in the critical months, by 11 

percent on an average basis. This could provide a significant uplift in whole of the upper 

Brahmaputra discharge. The methodology was transparent and cost effective for 

estimating the financial benefits in the conservation of water assets. This could generate 

valuable policy information without the necessity of conducting costly farm surveys. 

Kurukulasuriya and Mendelsohn (2008) developed a novel technique to measure the costs 

of CC on agriculture i.e. Agro Ecological Region Model. A multinomial logit was used to 

forecast the probability in each district. The average percentage of cropland, and average 

crop net revenue were assessed for each region. An estimation of the amount of cropland, 

where it was situated, was also provided. Present conditions, baseline values of cropland, 

and crop net revenue were used for estimating the future impact of CC. Two climate 

scenarios i.e. harsh and mild, were used. Cropland was not changing much across the two 

climate scenarios, while crop revenues were changing. Revenues were varying from a 

loss of 14 percent, in case of mild scenario, to 30 percent in case of harsh scenario. Flow 

of farms from high to low productive regions was one of vulnerable impacts. The 

technique proposed not only identified the aggregated impacts, but also specified where 

the effects were happening.  

Dey et al. (2010) estimated the effects of agriculture when integrated with the 

aquaculture, for small farmers of Sub-Saharan Africa in Malawi. It was observed that one 

of the possible resolutions could be the dependence on farmers’ knowledge. This data was 

about better management practices, inputs usage, and integration among several farm 

products. After that, outcomes of these integrated practices were quantified, and these 

results were dispersed. Findings showed that, technically inefficient farmers were 

proportionately less inefficient than the non-adopters in the study area.  Adoption was 

correlated with better crop yields, and was performing well in case of input usage. Study 

results suggested that total factor output, net farm returns, and earnings of family labor 

were also significant indicators. 

Antle (2011) developed the theoretical and practical basis for a generic modeling 

technique. Mutual disseminations connecting technology adoption and the resulting 

parameters were considered. This technique was found to be useful when applied with 

basic model, which could be calculated with the moments of low order of product 

indicators. Adoption of a more resilient corn breed in Kenya confirmed the model 

consequences. Study predicted adoption rate of about 44 percent. By adopting integrated 
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aqua-agriculture (IAA), considerable increase in consumption of protein, and significant 

decrease in poverty rate were observed for the two selected districts. 

Hanif et al. (2011) quantified the CC impact on agricultural sector to find its implications 

for sustainable development. In this study, feasible generalized least squares (FGLS) 

panel regression technique with one way fixed effect panel model was used. Eleven 

districts of Punjab were selected, and data for the time period of 1970-2009 were used. 

Mean precipitation, and mean minimum temperature showed a strong positive 

relationship with prices of land. But mean maximum temperature showed no relationship 

with prices of land in Kharif. With increase in one millimeter of precipitation, rise in land 

prices was about Rs. 166 per acre in Kharif, and it showed a decrease in Rabi. With an 

increase in one degree centigrade maximum temperature, land prices would increase by 

PKR 25.2 thousand per acre. Overall CC has negative impact on the agricultural land 

prices.  It was considered as the most important long run variable in calculations of net 

revenues.  

Claessens et al. (2012) found that Sub Saharan Africa was experiencing a substantial 

adverse impact of CC. Site specific data of crop and socio-economic indicators were one 

of the major constraints for the impact assessment studies. In this study TOA-MD model 

was used for measuring the impacts, technology adoption, and related outcomes. 

Experimental, survey, and modeled data were used, which were normally available in 

developing countries. New pathway, based on future socio-economic scenarios concepts, 

established by the impact valuation modeling societies were also pooled with these data, 

during the analysis. Features of agricultural systems together with land use, production, 

output price, production cost, and farming and family size were studied. These were 

matched for both present and proposed future CC, with and without adaptation, and for 

different socio-economic situations. Results revealed that flexible and generic framework 

could be used by employing existing and modeled data. The impacts of CC and 

adaptation strategies under varied scenarios were quantified. 

Grace et al. (2012) combined soil carbon sequestration rates of organic matter for the last 

20 years, by integrating IPCC and local economic data. Potential for carbon sequestration 

in wheat-based farming areas were estimated by implementing MD methodology. Carbon 

sequestration potential of selected systems of India, for adaptation to no-tillage, was 

estimated to be 44 M ton carbon over a pan of 20 years. The application of this farming 

technique in maize-wheat and cotton-wheat farming systems resulted in 6.6 M ton carbon 
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overtime, in the study area. This offset was corresponding to 9.6 percent of India’s yearly 

greenhouse gas emissions from the all segments, without considering land use change and 

forestry. At a carbon price of USD 25 Mg, 7 percent of the soil carbon sequestration 

potential could be sequestered over the selected two decades. Concentrated levels of 

sequestration could be achieved with carbon prices approaching USD 200 Mg for the 

States of Bihar and Punjab. At this carbon price, total of 79 percent of the quantified 

carbon sequestration potential could be sequestered over 20 years in the Rice-Wheat 

region of India, with Uttar Pradesh donating 13.9 Mt carbons. 

Safdar (2012) examined the methods used by the small agriculturists for tackling the issue 

of CC and abnormal meteorological events. There was a significant change in regarding 

the climate, for the last fifty years. It was assessed that CC had negative impacts on 

farming system and the farmers of the study area. Life history quantification showed that 

the agricultural activities of the previous decade were the key factor. But now, due to 

hostile climatic conditions and land filth, farmers were adopting alternative approaches, 

like livestock and movement. Due to scarce prospects of livelihood, unemployment and 

meteorological extremes, it was not easy to achieve the food availability and access at the 

farm level. People were borrowing money, decreasing number of meals, consuming less 

nourished food, and were selling their household items in case of food scarcity. Non-

climatic indicators e.g. the increasing prices of food and agricultural inputs were also 

negatively impacting the food security of farmers. They depended on cheap foods to 

withstand their livelihoods. There was an urgent need to generate employment 

opportunities. Study findings suggested that substitute farming approaches should also be 

launched to build the resilience of people against the said vulnerabilities.  

Valdivia et al. (2012) found that socio-economic and climatic impacts involved a bottom 

up association, from farms to market in case of farming system. There existed a top to 

bottom relation from market to farm also. A dual connection between TOA and partial 

equilibrium market model was developed. Impacts of technology and policy interventions 

on the spatial distribution of economic and climatic results were assessed. The method 

was established with the examination of tradeoffs among poverty and nutrient decrease, 

in a semi-subsistence farming zone. It was recommended that during the analysis, 

connection of market equilibrium to farm level integrated assessment models should be 

significant. 
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Iqbal (2013) described that CC is the challenge of the day for researchers, planners and 

other concerned stakeholders. In the study, CC outcomes on per acre output of crops were 

calculated. For analysis DSSAT model was applied for crop modeling to estimate the 

CC impacts on the major crops productivities, and ways to adapt these vulnerabilities 

were also assessed. Results showed that temperature increase caused shortage in the 

seasons in the regions. The increase in CO2 concentration was positively affecting the 

yield. These types of studies in Pakistan had been carried out for only cereal crops and 

should also be prolonged to other cash crops.  

Baig et al., (2014) used the existing data for wheat crop, from Rice-Wheat cropping zone 

of Punjab. CC impacts on crop productivity and adaptation practices thereafter were 

analyzed. For the analysis purpose TOA-MD model was used. In case of economic 

impact assessment for CC and without adaptation only 30 percent of the farmers were not 

in loss (gainers). After the implication of adaptation package, the percentage of adopters 

under two pessimistic scenarios would increase up to 66.5 and 74.5 percent, respectively. 

In case of optimistic (low adaptation challenges) scenario, adaptation rate would be about 

83 percent. It was observed that a considerable percentage of the respondents were 

economically better off by adopting high yielding and more resistant wheat crop varieties.  

Findings showed that the optimistic (RAP1) scenario was better than pessimistic (RAP2). 

For the optimistic low adaptation challenges scenario, the base poverty rates and other 

economic indicators were lower than the high adaptation challenges scenario. 

Rehman et al. (2015) argued that there was extensive knowledge gap in case of CC 

impacts to socio-economic indicators like, increasing poverty rates, and declining per 

capita and farm incomes. In this study, TOA-MD 6.0.1 Beta Version was used. Both 

primary and secondary data were used and integrated in the analysis. Data on pathways, 

global economic models, socio-economic and bio-physical indicators were used. 

Projected data showed a decrease of maize productivity upto 22 percent in the future 

period due to climatic change, than the base system. The results showed that 59 percent of 

households would be vulnerable to CC. Poverty rate would increase upto 44 percent due 

to CC. Results urged the need for adaptation strategies like high genetic potential 

varieties, balanced use of inputs, proper sowing densities. Furthermore, altering the 

sowing time and better management practices could also help in reducing the exposed 

vulnerabilities of farming systems for viable future.   
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2.2 CC Impacts on Productivity 

Antle (2001) developed a procedure for quantifying the economic likelihood of carbon 

sequestration. A simulation model using an econometric process was employed. This 

model simulated the impact of carbon contracts on the adoption of terraces and 

agroforestry in northern Peru. The results indicated that carbon contracts could enhance 

the implementation of terraces and that agroforestry followed. The rates of adoption 

depended on the carbon sequestration levels and on the indicators impacting terrace 

output, such as field incline. There was proportionately short economic potential for 

carbon sequestration in this farming system at carbon prices below USD 50 per MgC. 

Under promising conditions, the sequestration price was USD 100 per MgC for terrace 

and agroforestry adoption. This had the potential to raise incomes per person by up to 15 

percent on farms with sharply sloped fields. Poverty would also decrease up to 9 percent.  

Claessens et al. (2010) explored a model simulation technique for examining the 

interrelationship between terracing, water availability, land allocation decisions, and 

respondent profits in the Peruvian Andes. Inter-linkages impact the simulated spatial 

distribution due to technology changes, and the overall impacts on farms were tested in 

the study. To do this, a model simulating water reallocation at the catchment scale was 

correlated to a site-specific model of land allocation. A tradeoff analysis was 

implemented for this purpose. These correlations did not significantly impact the overall 

results; rather, they impacted altered spatial patterns of land allocation and mean net farm 

returns. The impact of terraces on outputs was transferred according to the spatial patterns 

of terracing. Farm level connections may lie outside the collective findings. These 

impacts might be related to climatic impact assessment and equity analyses, in which the 

spatial distribution was of significant worth. 

Huang and Khanna (2010) analysed the impact of climate on U.S. crop yields and 

acreages. Country level secondary data from 1977 to 2007 was used for this study. 

Significant impacts from climatic variables on crop yields were observed. Increases in 

temperature caused a negative impact on yield. However, increased precipitation caused 

increased corn and soybean yields. Acreage was directly related to its own price and to 

fertilizer prices. The acreage was negatively related to the prices of other crops, fuel 

prices, population growth, and crop stocks. 

Ashfaq et al. (2011) examined the influence of climatic change on the production of 

wheat in Punjab, where mixed cropping systems exist. Wheat is the top cereal crop in the 



 

 

19 

 

 

 

 

 

study area, and it contributes substantially to the returns of marginal farmers. It was 

necessary to dedicate additional capital to formulating better sustainability policies, 

especially in the era of CC, through adaptation. The study quantified the effects of climate 

on wheat productivity by using time series data from 1980 to 2009 using the ordinary 

least squares method. The research concluded that a minimum temperature rise of 1 

degree caused a rise in productivity by as much as 146.5 kg per hectare. At the vegetation 

stage, there was decline in productivity. At each stage of crop growth, there were 

different impacts from CC. The results of the vegetative growth phase indicated that 

elevated temperature might harm the mean yields of selected crops over time. At the 

maturity phase, an increase in the average maximum elevated temperature could be 

beneficial for crop outputs. As climate variabilities became stronger over time, the 

development of high-yielding cultivars was essential. 

Ahmed and Schmitz (2011) conducted their studies in four provinces of Pakistan, i.e., 

Punjab, Baluchistan, Sindh, and KPK. Climate change impacts on agricultural 

productivity in these provinces were assessed. Inter-temporal analysis was used, and 

many control variables were introduced. The results indicated that lower productivity was 

expected in arid zones because these zones could face higher climatic pressure in the 

future. Three crops were tested: Maize, Wheat and Rice. Due to extreme events, 

agricultural productivity declined over time, and there was great risk to long-term food 

security. Based on a productivity analysis, the threats to food security were identified.  

2.3 Impact Assessment of Climate Change Adaptations 

Adams et al. (1998) addressed possible changes in agriculture from CC, e.g., changes in 

the crop and livestock yields. The economic consequences of yield declines were also 

determined. The economic model used in the study was an agricultural sector model 

(ASM). The roles of adaptation in response to CC, regional effects on agriculture 

systems, and price patterns were also discussed. By highlighting important areas of 

uncertainties, this study also discussed the limitations and sensitivities of the findings. 

The long-term impacts on economic variables were quantified using updated GCM 

forecasts, along with revised plant science data. These included water supply data with 

improved economic modelling capabilities in U. S. agriculture. 

Farooqi et al. (2005) assessed past CCs adaptations and computed the projected changes 

in different agro-climatic regions of the country. For this study, a time period of the next 

half-century was considered, and Regional and Global Climate models were used. 
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Vulnerabilities of different regions were also assessed and suitable coping mechanisms 

were proposed. The results of previous studies indicated that the climatic factors were not 

the same over time, rather they were changing. The extent of change for a specific 

country depended on the rate of carbon emissions and other factors. In combination with 

lower rates of GHG, it would be mandatory to adapt to CC impacts. Forthcoming 

fluctuations in climate would be responsible for key impacts on water resources. Lastly, 

these could negatively impact the food supply, health, industry, transportation and 

ecosystem resilience, as predicted by most of the global climate models.  

Abou-Hadid (2007) concluded that Asia was less vulnerable to CC compared to sub-

Saharan Africa and that it would exceed Asia in food insecurity. These findings were not 

based on the yield distribution and their resultant socio-economic simulations. For future 

security, reducing greenhouse gas emissions was deemed mandatory for the farming 

sector in particular, and for all sectors in general. Food and forestry industries were 

predicted to increase due to negative CCs, with more food imports becoming necessary in 

most growing economies. The study suggested that the comparative profits of adaptation 

increase, with low to moderate warming. Furthermore, adaptation increased the water and 

climatic capitals with elevated warming. These benefits could be more relevant from the 

last fifty years of last century. 

Claessens et al. (2009) found that mixed crop livestock systems exhibited complex 

outcomes for achieving crops and livestock production by small landholders. For 

adaptation, sweet potato with a dual purpose (food and feed) was considered suitable for 

marginal farmers. Its dual-purpose made it suitable for areas where there was decreased 

land holding over time. In the study, a minimum data technique was used to undertake an 

ex ante economic impact assessment of sweet potato as an adaptation technique. Reliant 

on specified assumptions, the adoption rate was the proportion of the available farmland 

used by adopted potato farmers, which was calculated at 80 percent. The study integrated 

an existing survey and modelled and simulated economic and crop data about land use 

allocation, yields and farm input. The study results indicated that the proposed adaptation 

strategy could positively benefit significant respondents. The adoption rate was likely to 

differ significantly with the average total production of the suggested potato variety, milk 

prices and dietary value of available fodder. The results indicated that a minimum-data 

methodology was useful.  

http://en.wikipedia.org/wiki/Sub-Saharan_Africa
http://en.wikipedia.org/wiki/Sub-Saharan_Africa


 

 

21 

 

 

 

 

 

Deressa and Hassan (2009) used the Ricardian method to assess the effect of CC on 

agriculture in Ethiopia. This approach captured the adaptation of farmers to changing 

environmental factors. A regression analysis was carried out for net crop revenue and 

climate variables after collecting farm data from households in diverse agro-ecological 

zones of the country. The results showed a significant effect from these variables on 

revenue in Ethiopia. A marginal impact analysis was carried out, and it was revealed that 

a marginal increase in temperature caused a decline in net crop revenues during summer 

and winter. However, on the other hand, a marginal increase in precipitation increased the 

net crop revenue per hectare. The future climate impacts on net revenues were assessed 

using three models for the years 2050 to 2100. The results indicated that the decrease in 

the net revenue per hectare increased over time from 2050. The estimated decline was 

less compared to 2100. Therefore, there was a need to cope with this change using 

adaptation techniques. This change in net revenue per hectare was not constant among all 

regions of Ethiopia.         

Raymond (2009) estimated the economic impact of CC on Indian agriculture. Researchers 

used the district level data from the last 40 years. A panel data set of 200 Indian districts 

and the evaluated impact of random year-to-year fluctuations in weather on agriculture 

output were used. These panel estimates embodied farmers’ adaptation to yearly weather 

fluctuations. The estimates acquired about short-term weather effects were relevant for 

predicting mid-level economic impacts of CC. The empirical findings of the study 

indicated that there would be projected CC from 2010-2039, which would cause yield 

declines among major crops, from 4.5 to 9 percent. Over the long term (2070-2099), the 

impact was critical, and the yield was expected to decline by 25 percent. This decrease 

could be even more if farmers do not adapt themselves to CC. This would lead to greater 

economic losses to in India if farmers do not rapidly adapt. However, in developing 

countries, where information and capital are scarce it was implausible to believe that 

farmers would adapt to CC. 

Women Watch (2009) identified that primary standard mortality rates for women and 

men are usually different in natural disasters. According to a 2006 study of 141 natural 

disasters by the London School of Economics found that when economic and social rights 

are fulfilled for both genders, the same number of women and men die in disasters. At the 

same time, when women do not enjoy economic and social rights equal to men, more 

women than men die in disasters. This gender discrepancy has come to light in a range of 
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major disasters, including the Asian. In Some cases, such as in Central America, more 

men than women have died in natural disasters as they placed themselves at risk while 

helping their families. The risk of women to disasters is increased for a number of 

reasons. Post-disaster, women are usually at higher risk of being placed in unsafe, 

overcrowded shelters, due to lack of assets, such as savings, property or land. In the 

context of cyclones, floods, and other disasters that require mobility, cultural constraints 

on women’s movements may hinder their timely escape, access to shelter or access to 

health care. Exacerbating this effect, women often avoid using shelters out of fear of 

domestic and sexual violence, and become even less mobile as primary family care-

givers.  Poor women and those in countries of higher gender inequality appear to be at the 

highest risk: a direct correlation has been observed between women’s status in society 

and their likelihood of receiving adequate health care in times of disaster and 

environmental stress. The UN has identified environmental degradation as a key threat to 

human security.  

Antle and Capalbo (2010) argued that the adaptation of food and agricultural systems to 

CC involved policy uncertainties and investment decisions. These decisions could be both 

private and public. Investments based on socio-economic, financial and agro-ecological 

indicators were used in the adaptation strategy. Impact and adaptation studies were 

quantified using this framework, and possible research strategies were designed to help 

these decisions. Furthermore, policies for mitigating climatic vulnerabilities and 

enhancing adaptation capabilities in existing systems were discussed. The information 

required by private decision-makers for minimizing climatic variabilities and its resulting 

consequences on current and future systems were also obtained. Findings from the study 

indicated the need for a variety of evidence that might help decisions about adaptation 

investments. In light of the investigated results, a research schedule funded by the 

government on climatic changes adaptation was provided. Public decision makers require 

materials that show socio-economic gains from investing in this sector and that can 

reduce the risk from vulnerabilities and adaptation options.  

Shakoor et al. (2011) concluded that Pakistan’s agricultural sector was at stake due to 

climate change, and it was becoming an increasing challenge. In their study, they used 

cross-sectional data that was collected from a comprehensive questionnaire in the 

Rawalpindi district in addition to time series data of climatic variables obtained from 

metrological stations. They used a Ricardian approach to test the relationships between 
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the Net Farm Revenue and climate. They concluded that a rise in temperature had a 

significant negative impact on agricultural production. Moreover, in their analysis, an 

increase in revenue was projected from the increase in rainfall. The overall negative effect 

from temperature was greater than the positive effect from increased rainfall in the region. 

It was concluded that a one percent rise in temperature would lead to a loss of Rs. 4180 

per annum, in terms of the net revenue. They suggested that the dissemination of new 

farming technologies, including new irrigation methods and new crop farming and crop 

pattern adaptation approaches, would be the appropriate outcomes of a paradigm shift that 

is required in the agricultural sectors in arid regions. 

Bagamba et al. (2012) explained that the discussions of climatic indicator variations over 

time have moved one step forward: from its existence to its impact on the lives of people. 

They noted that there was still a deficiency in information essential to tackle CC matters. 

There was a noteworthy information gap about vulnerabilities and adaptation to 

augmented climate inconsistencies and variation. In this study to date, a TOA-MD was 

applied to determine the climate variation impacts on farmer livelihoods and the possible 

adaptation approaches to boost sustainability in agricultural methods in the study area. 

Findings from the study confirmed that up to 97 percent of households were harmfully 

impacted by climatic variations in the study area. The selected zone was one of the most 

adversely affected regions due to the unavailability of substitutes and due to small land 

holdings. Moreover, impinging on swamps was not a profitable strategy, although it was 

considered as an adaptation technique. Enhancing the yield of significant crops such as 

dual-purpose sweet potatoes and bananas, in addition to the incorporation of grade cattle, 

were found to be better adaptation strategies. 

Valdivia et al. (2012b) used a spatially explicit, joint valuation model to assess the 

returns, poverty (in the form of %), CC impact, and socioeconomic scenarios in the 

selected regions of Machakos. The procedure provided a unique capability of measuring 

the distributional impacts of climate variabilities on economic indicators. This method 

was used for determining a socio-economic setup that is also grounded in technology and 

policy interventions. In the study, a three-step procedure was used. Outputs from GCMs 

and discharge scenarios in the Machakos region were highly variable but showed a 

similar tendency of greater temperatures and decreasing rainfall. As a consequence, the 

yields from crops decreased with varying location. The adoption of adaptation techniques 

depended on land use, but its impacts on poverty percentages and soil nutrient depletion 
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rates were not significant. According to the findings, policy as well as technology 

interventions are required, which could lead to altered economic environments, could 

balance the adverse impacts of CC, and could diminish negative impacts.  

Dodman and Mitlin (2013) estimated community-based adaptation (CBA) to CC and its 

relationship to the theory and practice of participatory development. It was argued that 

CBA needs to recognize the considered experience of participatory development to date, 

particularly in relation to local involvement in project planning and implementation, as 

well as acknowledging the specific challenges raised by CC. Without attention to risks 

and uncertainty, political structures and institutions, the necessarily multi-level nature of 

adaptation policy and programming, and the links between mitigation and adaptation 

politics and practice, outcomes of CBA interventions are unlikely to support pro-poor 

development. There was growing evidence that the impacts of CC – including rising 

temperatures and changing patterns of precipitation – can already be measured, and that 

these will grow increasingly severe over coming years and decades (IPCC, 2007). But the 

effects of these impacts were distributed unevenly as a result of both geographical and 

social characteristics. Here the terms vulnerable and vulnerability to refer to individuals 

and groups who were exposed to more frequent or more severe climate hazards as a result 

of CC, and who are not able to respond effectively to these (often referred to as adaptive 

capacity) were used. 
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Table 2.1: Summary of literature review 

Authors Source Year Model Used Results 

Climate Change Impact Assessment 

Parry, M.L. 

United Nations 

Environment 

Programme 

1992 CERES 
There is significant impact of 

CC on the agricultural sector. 

Kaiser, H. 

M. 

American Journal 

of Agricultural 

Economics 

1993 DSSAT 

Economic and agricultural 

impacts of gradual climate 

warning at the farm level. 

Winters, P., 

R. Murgai., 

E. 

Sadoulet., 

A.D. 

Janvry and 

G. Frisvold 

California 

Agricultural 

Experiment 

Station 

1996 

Comparable 

General 

Equilibrium 

(CGE) 

Africa was found to be the most 

affected region, and CC had a 

negative impact on its 

economy. 

Yates, D.N. 
J. Climatic 

Change 
1998 

Egyptian 

sector model 

The results indicated that 

countries with low levels of 

food imports were at higher risk 

from CC 

Frederick 

and 

Schwarz 

ageconsearch.um

n.edu/ 
2000 GCM, RCP 

Climate impacts were as non-

irrigation; off-stream water uses 

to meet climate-altered 

demands. 

Antle, J.M., 

J.J. 

Stoorvogel 

and R.O. 

Valdivia 

Agriculture, 

Ecosystems and 

Environment 

2001 

Crop 

Ecosystem 

Model 

Sensitivity of sequestration 

costs in policy design. 

Turpie, J., 

H. Winkler, 

R. 

Spalding-

Fecher and 

G. Midgley 

www.fitzpatrick.

uct.ac.za 
2002 

Contingent 

Valuation 

Methods 

(CVM) 

GDP was 1.5 percent less and 

was analogous to other 

subcontinents like America and 

Europe.  

Holden, 

N.M., A.J. 

Brereton., 

R. Fealy 

and J. 

Sweeney 

Agricultural and 

Forest 

Meteorology 

2003 DSSAT 

Western regions of the study 

area had increasing grain yield 

trends. Potato crop yields were 

expected to fall in the future. 

http://www.fitzpatrick.uct.ac.za/
http://www.fitzpatrick.uct.ac.za/
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Authors Source Year Model Used Results 

Stoorvogel, 

J.J., J.M. 

Antle and 

C.C. 

Crissman. 

Journal of 

Environmental 

Management 

2004 TOA 
Trade off curves between the 

selected parameters and risks 

diagrams. 

Fischer, G., 

M. Shah, 

F.N. 

Tubiello 

and H.V. 

Velhuizen 

Biological 

Sciences 
2005 TOA, RCP 

There were severe impacts from 

climate change might reduce 

production and consumption 

behaviour gaps. 

Gbetibou, 

G. A and 

R.M. 

Hassan 

Global and 

Planetary Change 
2005 

Ricardian 

model 

Adaptations would not cross the 

different agro-ecological zones 

of the study area. 

 

Mendelsoh

n, R 

Proceedings of 

the Annual 

Meeting of the 

Allied Social 

Science 

Associations, 

Session.  

2005 
Econometric 

techniques 

Losses due to CC can range 

from 2 to 16 billion USD. The 

losses were estimated as mild 

and extreme scenarios for 

Pakistan’s agricultural industry. 

Antle, J.M. 

and R.O. 

Valdivia 

The Australian J. 

of Agric. and 

Res.  Econ 

2006 
Envelope 

Analysis 

A supply curve was constructed 

for the site related data, with 

sufficient accuracy for policy 

level study. 

Deressa, 

T.T 

The World Bank 

Development 

Research Group 

2007 
Recardian 

Approach 

Both the increase in 

temperature and the decrease in 

precipitation negatively 

impacted farming activities. 

Diagana, 

B., J.M. 

Antle, J. 

Stoorvogel 

and K. 

Gray 

Agricultural 

Systems 
2007 

Tradeoff 

Analysis 

(TOA) model 

Labor cost was necessary to 
obtain better data, and to 
apply carbon contracts. 
 

Immerzeel, 

W., J. 

Stoorvogel 

and J.M. 

Antle 

Agricultural 

Systems 
2008 

spatially 

distributed 

hydrological 

model 

Supply curves of preserved 

water from the distribution of 

net return. 

Kurukulasu

riya, P. and 

R. 

Mendelsoh

n 

The World Bank 

Development 

Research Group 

Sustainable Rural 

and Urban 

Development 

Team 

2008 

Agro 

Ecological 

Region Model 

Revenues were varying from a 

loss of 14 percent, in case of 

mild scenario, to 30 percent in 

case of harsh scenario. 
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Authors Source Year Model Used Results 

Dey, M.M., 

F.J. 

Paraguas, 

P. 

Kambewa, 

D.E. Pemsl 

Agri. Econ 2010 TOA-MD 

Adoption was correlated with 

better crop yields, and was 

performing well in case of input 

usage. 

Antle, J.M. 
Am. J. of Agric. 

Econ. 
2011 

Generic 

Modeling 

Technique, 

TOA 

Adoption of a more resilient 

corn breed in Kenya confirmed 

the model consequences. Study 

predicted adoption rate of about 

44 percent. 

Hanif, U., 

S.H. Syed., 

R. Ahmad 

and K.A. 

Malik. 

Pakistan 

Development 

Review 

2011 

Feasible 

generalized 

least squares 

(FGLS) panel 

regression 

With an increase in one degree 

centigrade maximum 

temperature, land prices would 

increase by PKR 25.2 thousand 

per acre. Overall CC has 

negative impact on the 

agricultural land prices. 

Claessens, 

L., J.M. 

Antle, J.J. 

Stoorvogel, 

R.O. 

Valdivia, 

P.K. 

Thornton 

and M. 

Herrero 

Agr. Syst 2012 TOA-MD 

Results revealed that flexible 

and generic framework could 

be used by employing existing 

and modeled data. 

Grace, 

P.R., J.M. 

Antle, P.K. 

Aggarwal, 

S. Ogle, K 

Paustian 

and B. 

Basso 

Agriculture, 

Ecosystems and 

Environment 

2012 

Minimum 

Data 

methodology 

At existing prices total of 79 

percent of the quantified carbon 

sequestration potential could be 

sequestered over 20 years. 

Safdar, U. 

Institute of 

Agricultural 

Extension and 

Rural 

Development, 

Uni. of Agri. 

Faisalabad 

2012 

Minimum 

Data 

methodology 

CC had negative impacts on 

farming system and the farmers 

of the study area. 

Valdivia, 

R.O., J.M. 

Antle and 

J.J. 

Stoorvogel 

Agricultural 

System 
2012a 

Trade off 

analysis 

Examination of tradeoffs 

among poverty and nutrient 

decrease, in a semi-subsistence 

farming zone. 
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Authors Source Year Model Used Results 

Iqbal, M.M www.adbi.org 2013 
DSSAT 

model 

The increase in CO2 

concentration was positively 

affecting the yield. 

Baig, I.A., 

M.Ashfaq, 

S.A.A. 

Naqvi, A. 

Ahmed, G 

Hoogenboo

m, J.M. 

Antle and 

R. 

Valdivia. 

Journal of 

Applied 

Environmental 

and Biological 

Science. 

2014 

DSSAT, 

APSIM, TOA-

MD, GCM, 

RCP 

Considerable percentage of the 

respondents were economically 

better off by adopting high 

yielding and more resistant 

wheat crop varieties.   

Rehman, 

A., M. 

Ashfaq, 

S.A.A. 

Naqvi, S.A. 

Adil, K. 

Bashir, A 

Ahmad, S. 

Ahmad, A. 

Ali and A. 

Imran 

Ciencia e Tecnica 

Vitivinicola 

Journal 

2015 
DSSAT, 

TOA-MD 

Results urged the need for 

adaptation strategies like high 

genetic potential varieties, 

balanced use of inputs, proper 

sowing densities. 

CC Impacts on Productivity 

 

Claessens, 

L., J. 

Stoorvogel 

and J.M. 

Antle 

Journal of Land 

Use Science 
2010 

Trade off 

analysis 

The impact of terraces on 

outputs was transferred 

according to the spatial patterns 

of terracing. 

Huang, H. 

and M. 

Khanna 

Agricultural and 

Applied 

Economics 

Association 2010 

AAEA, CAES and 

WAEA Joint 

Annual Meeting, 

Denver, Colorado, 

July 25-27, 2010 

2010 
Panel 

regression 

The acreage was negatively 

related to the prices of other 

crops, fuel prices, population 

growth, and crop stocks. 

Ashfaq, 

M., F. 

Zulfiqar, I. 

Sarwar, 

M.A. 

Quddus 

and I.A. 

Baig 

Pak. J. Agri. Sci. 2011 OLS 

An increase in the average 

maximum elevated temperature 

could be beneficial for crop 

outputs. 

http://www.adbi.org/


 

 

29 

 

 

 

 

 

Authors Source Year Model Used Results 

Ahmed, 

M.N. and 

M. 

Schmitz 

. Business and 

Economic 

Horizons 

2011 
Inter-temporal 

analysis 

Due to extreme events, 

agricultural productivity 

declined over time, and there 

was great risk to long-term food 

security. 

Impact Assessment of Climate Change Adaptations 

Adams, 

R.M., B.H. 

Hurd., S. 

Lenhart, N 

Adams 

and M. 

Richard 

Climate Research 1998 

Agricultural 

Sector Model 

(ASM) 

Adaptation in response to CC, 

regional effects on agriculture 

systems. 

Farooqi, 

A.B., A.H. 

Khan and 

H. Mir 

Journal of 

Meteorology 
2005 GCM 

In combination with lower rates 

of GHG, it would be mandatory 

to adapt to CC impacts. 

Abou-

Hadid, 

A.F 

http://www.aiaccp

roject.org. 
2006 RCP, GCM 

Food and forestry industries 

were predicted to increase due 

to negative CC. 

Claessens, 

L., J.J. 

Stoorvogel 

and J.M. 

Antle 

Agr. Syst. 2009 MD 

The adoption rate was likely to 

differ significantly with the 

average total production of the 

suggested potato variety, milk 

prices and dietary value of 

available fodder. 

Deressa, 

T.T. and 

R.M. 

Hassan. 

Journal of African 

Economies 
2009 

Ricardian 

method 

Change in net revenue per 

hectare was not constant among 

all regions of Ethiopia.         

 

Raymond, 

G. 

https://www.econ.

umd.edu 
2009 

Panel 

regression 

Due to CC from 2010-2039, 

yield would decline among 

major crops, from 4.5 to 9 

percent. 

Women 

Watch 

United Nations, 

New York.  
2009 

Descriptive 

analysis 

Post-disaster, women are 

usually at higher risk of being 

placed in unsafe, overcrowded 

shelters, due to lack of assets, 

such as savings, property or 

land. 

Antle, 

J.M. and 

S.M. 

Capalbo 

App. Econ. Pers. 

and Policy 
2009 TOA 

Findings from the study 

indicated the need for a variety 

of evidence that might help 

decisions about adaptation 

investments. 

https://www.econ.umd.edu/
https://www.econ.umd.edu/
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Authors Source Year Model Used Results 

Shakoor, 

U., A. 

Saboor., I. 

Ali and 

A.Q. 

Mohsin 

Pak. J. Agri. Sci 2011 
Ricardian 

approach 

One percent rise in temperature 

would lead to a loss of Rs. 4180 

per annum, in terms of the net 

revenue. 

Bagamba, 

F., B. 

Bashaasha

Claessens 

and J.M. 

Antle 

Afr. Crop Sci. J. 2012 TOA-MD 

Up to 97 percent of households 

were harmfully impacted by 

climatic variations in the study 

area. 

Valdivia, 

R.O., J.J. 

Stoorvogel 

and J.M. 

Antle.  

Int. J. Clim. 

Change: Imp. and 

Resp 

2012b GCM, TOA 

Yields from crops decreased 

with varying location. The 

adoption of adaptation 

techniques depended on land 

use. 

 

2.4 Summary 

To assess the impact of CC and potential adaptation strategies, a literature review 

provides evidence of economic analyses that have been conducted on this topic. In this 

review, these phenomena provide an introduction to microeconomic evaluation of 

potential farmer adaptations, in various regions of the world, to CC. In this chapter, 

studies using different approaches to an integrated economic impact assessment of CC are 

briefly discussed. Other studies that use the same impact assessment approach are also 

reviewed. In the previous studies like Claessens et al. (2009) and Ashfaq et al. (2011), 

impact of CC on future production systems were not studied. Impact of adaptations in the 

previous studies is also lacking for ex ante approach based studies. Studies like Subash et 

al. (2015) and Rehman et al. (2014) were based on small sample sizes. But in the study in 

hand these limitation were considered. 
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METERAIALS AND METHODS      CHAPTER 3 

 

Methodological techniques are very important in the empirical analysis of socio-

economic problems. A sound methodology is important for establishing a chain of 

knowledge and for the empirical verification of the hypotheses. This chapter describes the 

characteristics of the study area, the nature and sources of data used to achieve the 

objectives, a formulation of hypotheses, and the models used for the CC impact 

assessment.  

3. 1 Study Area 

Due to its importance as a major producer of rice and wheat crops and its vulnerability to 

CC, a Rice-Wheat cropping system in Punjab was selected for this study. In addition to 

rice and wheat crops, the minor crops, i.e., fodders (sorghum, lucerne, jwar, maize and 

bajra), and livestock were also considered in an economic impact assessment of CC. The 

Rice-Wheat zone is the bread basket of Punjab province. There are more than 1 million 

farm families in this cropping zone, cultivating a total land area of 1.1 million hectares. 

Five districts, out of a total of 10 districts in this cropping zone, were randomly selected. 

The selected districts are Sheikhupura, Nankana Sahib, Hafizabad, Gujranwala, and 

Sialkot. The total population of the Sheikhupura district is 2,639 thousand, and it has total 

cropped area of 522 thousand hectares. The Nankana Sahib district has a population of 

1,508 thousand and a total cropped area of 327 thousand hectares. The total population of 

the Hafizabad district is 1,031 thousand, and it has a total cropped area of 354 thousand 

hectares. The Gujranwala district has the highest population among the sample districts, 

which is 4441 thousand. The total cropped area of this district is 549 thousand hectares. 

The total population of the Sialkot district is 3,433 thousand, and it has a total cropped 

area of 436 thousand hectares (Government of Punjab, 2013).  

Rice-Wheat cropping systems have been practiced by Asian farmers for more than one 

thousand years. This is a cropping system that mainly focuses on grain production 

(Prasad, 2005). A map of the districts selected from the Rice-Wheat cropping system in 

Punjab province is given below (Figure 3.1). 
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Sources: www.pakworkers.com 

  www.psa-ude.com 

Figure 3.1: Location of the study area in the map of Punjab province of Pakistan 

In this system, rice is traditionally grown by transplanting 25-35-day-old seedlings in 

well-puddled, compacted soil to a continuously flooded field. After the rice crop, wheat is 

grown on poorly drained paddy soils. Although this cropping system is irrigated, some of 

the districts that are located near the base of the Himalayas have excessive rainwater. 

Unremitting cropping of rice and wheat crops, and the distinct edaphic requirements of 

these two crops, have generated some constraints. The productivity of this system could 

decrease with the continuous contribution of several yield-limiting factors that have 

stagnated yields below their potential. Wheat planting is generally delayed following the 

rice crop, and it also increases the cost of production. The soil requirements of both crops 

are different because rice requires puddled and compacted soil and wheat grows best on 
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well-drained soils. The soil organic matter content decreases overtime, and the soil 

structure is being continuously damaged. This can be amended by integrating crop 

residue into the soil. However, the on-going practice of burning of crop residues in the 

field is also declining productivity in the region. This is a common practice, and it is 

contributing to increased environmental pollution and is reducing biodiversity due to the 

large area coverage by a single cultivar. 

3. 2 Data 

A mixture of primary and secondary data was used for the analysis. Primary data were 

collected using an extensive farm survey of 155 farmers. As the farming community is 

heterogeneous in nature, a stratified random sampling technique was used for sample 

selection. First of all, five districts were randomly selected from a rice-wheat cropping 

zone, i.e., Sheikhupura, Nankana Sahab, Hafizabad, Gujranwala and Sialkot. After that, at 

least 30 farms were selected from each district (stratum).  

To account for the heterogeneity of farming populations over time, yield projections from 

major farming activities were used. The required yield simulations for the integrated 

economic impact assessment were obtained by employing five General Circulation 

Models (GCMs), which were taken from Inter-comparison projects (CMIPs). These 

models are namely the CCSM4, GFDL-ESM2M, HadGEM2-ES, MIROC5, and MPI-

ESM-MR (Moss et al., 2010). The output generated from the GCMs served as input for 

the crop growth models. The crop growth models employed for simulations were the 

Decision Support System for Agro Technology Transfer (DSSAT) (Jone at al., 2003) and 

the Agricultural Production Systems Simulator (APSIM). These yield simulations of 

major crops (wheat and rice), the DevRAPs matrix (to be explained later), and other 

relevant data were obtained from the Agricultural Model Intercomparison and 

Improvement Project (AgMIP) Pakistan database (Ahmad et al., 2013). 

Past and future time periods evaluated in the simulations were 1981-2010 and 2039-2069 

(Baig et al., 2014; Ahmad et al., 2015; Rehman, 2015). The past time period was 

considered the prevailing system in the study area, and the future time period was 

considered to be the proxy for a modified system. Time averaged crops yield means for 

both time periods were used in the analysis. Regional Representative Agricultural 

Pathways (RAPs) were used for projections of milk production and the yields of minor 

crops (sorghum, lucerne, jwar, maize and bajra),  

http://www.agmip.org/
http://www.agmip.org/
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An integrated economic impact assessment of CC and proposed adaptations were carried 

using the Tradeoff Analysis Model for Multidimensional Impact Assessment (TOA-MD) 

Version 6 (Antle and Valdivia, 2011). This economic analysis was carried out separately 

for both crop growth models and for each GCM simulation. 

A flow diagram for the parallel development of system design and modelling to couple 

crops and livestock data (modelled and un-modelled) with the tradeoff model is given 

below (Figure 3.2).  

  

 
Source: www.agmip.org (reproduced) 

Figure 3.2: Impact assessment framework for coupling crop and livestock data  

  with TOA-MD analysis 
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3.3 Tradeoff Analysis for Multidimensional Impact Assessment Model (TOA-

 MD) 

Farm level integrated assessments have been carried out to represent the heterogeneity of 

the physical, environmental, and economic behavior of farmers by integrating site-

specific biophysical and economic models. These models typically use spatially-explicit 

data to model agriculture-environment interactions, but treat prices as exogenous (Uthes 

et al., 2010). There is need for more detailed information, particularly for developing 

countries, on the likely impacts of CC on agricultural systems (Moore et al., 2009). Most 

studies on coping strategies have focused on techniques which substitute for farming in 

times of disaster (Eriksen et al., 2005). However, there is evidence of local communities, 

adapting farming activities and techniques to cope with climate and environmental 

changes (Bagamba et al., 2012). 

Different models are used to assess the impact of environmental changes. There is a 

growing demand for assessments of economic, environmental, and social impacts of new 

food related technologies. The TOA-MD model is a novel approach for assessing 

economic, environmental, and social impacts in a wide array of agricultural systems that 

incorporate crops, livestock, and aquaculture (Antle and Valdivia, 2006). This model is a 

unique simulation tool for multi-dimensional impact assessments. It uses a statistical 

description of a heterogeneous farm population. This model simulates the adoption and 

impacts of new technologies or changes in environmental conditions [see Antle and 

Valdivia (2011) and Antle (2011)]. The model is appropriate for assessments, as it 

employs a generic model structure that can be parameterized with existing data. The 

TOA-MD model relies on data from a variety of sources, including farm surveys, 

experimental, simulated data and expert judgment. A key feature of this model is that it 

takes into account the fact that farmers systematically select themselves for adoption or 

non-adoption groups. This model has been successfully used for the analysis of 

technology adoption and payments for environmental services (Antle and Validivia, 

2006; Nalukenge et al., 2006) and can also be used for CC applications.  

TOA-MD is a model of a population of farm households taking prices as given. It does 

not solve for market equilibrium prices determined by demand and supply. It is an 

economic-statistical simulation model designed to assess potential impacts by simulating 

a controlled experiment under the conditions represented by its parameters. It does not 

necessarily predict what will happen in the real world. This model simulates a population 
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of farms and it is not a decision support tool for management of an individual farm. It is 

basically mathematical programming based. For the current study it was not extended. 

For semi-subsistence agricultural systems, a tradeoff approach is better than the other 

complex models (Antle, 2011). This model is less demanding in terms of data, unlike 

other spatially explicit impact assessment models (Claessens et al., 2009).  

In this approach, farmers are assumed to be economically rational (i.e., they make 

decisions based on maximizing the expected value) and are presented with a simple 

binary choice (Heckman et al., 1990). The accuracy of the model’s approximation to 

actual populations can often be improved by appropriate stratification of a population. In 

particular, joint normality is assumed for the distributions of returns and outcome 

variables. In highly heterogeneous populations, these distributions are often non-normal. 

However, it is well-known in the statistical literature that non-normal populations can be 

approximated with mixtures of sub-populations of normal distributions. This fact suggests 

that stratification of non-normal populations may lead to more approximately normal sub-

populations. 

Either they can continue to operate in production system 1, or they can switch to an 

alternative system 2. It is necessary to distinguish between two factors affecting the 

expected value of a production system and the climate. These factors are technology and 

climate. Therefore, in a CC analysis, a production system is defined as a particular 

technology used in a particular climate regime. These two factors, technology and 

climate, together determine the productivity of the system. Therefore, under a CC 

analysis, a farmer facing expected product and input prices p at site s, using a production 

system h (defined as a combination of technology and climate), earns net farm returns vt 

during each period equal to: 

vt=  vt (p, s, h)   (1) 

To simplify the presentation in Equation 1, the expected prices are assumed constant over 

time and the returns function is indexed by time to represent a possible transition in 

productivity (Claessens et al., 2012). Over T time periods, system h provides a discounted 

net return, 

                        T 

V (p, s, h) = ∑  δ𝒕v𝒕 (p, s, h)  (2) 

                       t=1 
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In Equation 2, δ𝒕 is the relevant discount factor. Farmers are initially operating at a base 

technology with a base climate. This combination is defined as System 1. And, System 2 

is defined as the case, where, farmers continue using the base technology under a 

perturbed climate. System 3 is defined as an adapted technology used along with the 

perturbed climate. In the analysis, base system is characterized first and then the future 

system is constructed. The components of tradeoff model are given (Figure 3.3). 

Outcomes associated with each system (changes in farm income or poverty rates) to 

quantify various effects are compared. If some farmers are worse off economically under 

the perturbed climate, they are said to be vulnerable to CC. Overall vulnerability can be 

measured by the proportion of farmers made worse off. This can also be defined, relative 

to some threshold, such as the poverty line, to estimate how many more households are 

put into poverty by CC (Claessens et al., 2012). Farmers choose to remain in System 1 or 

switch to System 2, based on the opportunity cost (gain or loss from switching) and it can 

be shown as: 

ω=v1-v2    (3)  

In Equation 3, v1 and v2 are net returns from System 1 and 2, respectively. The 

opportunity cost ω follows a φ (ω) distribution. Farmers adopt System 2 if ω<0, i.e. net 

returns from System 2 are greater than net returns from System 1. Otherwise, they remain 

in System 1 (non-adopters) if ω>0, i.e. net returns from System 2 are lower than net 

returns from System 1. The opportunity cost ω variance is calculated as (Equation 4), 


2 = 1

2 + 2
2 - 21212         (4) 

Correlation between returns to system 1 and system 2 is given in Equation 5, 

12 = 1/(
21

2 + 
2(1

2 +1
2))1/2  (5) 

TOA-MD model parameters for Systems 2 (Equation 6 to onward), for each farm in the 

survey data in future period, were calculated as (Rosenzweig et al., 2013); 

µ1j=βyk y1j .             (6)

R1j = ϕ 1  p1 . a1j .  µ1j          (7) 

G1j = βck  Ψ  C1j/R1                       (8) 

V1j = R1j – βck  Ψ  C1j                        (9) 
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Where, 

 = 1, ϕ1 = 1, Ψ = 1 for simple CC impact assessment 

p1 = representative price adjusted to the current period average as necessary 

βk = normalization factor used to adjust observed yields in the data to the current period 

population average 

µ2j = rj  µ1j                                                       (10) 

R2j = ϕ2  p2  a2j  µ2j                                 (11) 

C2j = G1j  R2j           (12) 

V2j = R2j – C2j = (1 – G1j)  R2j        (13) 

Where, 

µ1j = time-averaged mean of yields y1jt for farm j for the current period 

µ2j = time-averaged mean of yields y2jt for farm j with CC 

Y1k = mean of observed yields y1jk in the survey data for current year k 

Y1 = mean of yields averaged over all years in the current period, obtained from 

secondary data in the study area 

 = compounded yield growth factor between current and future periods 

Φh = compounded price growth factor between current and future periods 

Ψ = compounded variable production cost growth factor between current and future 

periods 

βyk = Y1/Y1k = normalization factor used to scale survey data yields to the current 

period mean 

shjt = simulated crop yield for system h, farm j in year t (kg/farm) 

s1j = simulated crop yield for farm j time-averaged over the current period  

s2j = time-averaged simulated crop yield with CC for farm j 

bhjt = shjt /yhjt = bias in simulated crop yield (there, can only be observed for current 

period) 

rj = s2j /s1j = relative yield for farm j 
 

ahjt = total crop area on the farm (ha) 
 

Rhjt = Revenue = pht  yhjt  ahjt (PKR/farm/year) 
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Rhj = time-averaged revenue (Rs./farm/year) 

Chjt = production cost (Rs./farm/year) 

hjt = Chjt /ahjt yhjt = average production cost (Rs./kg) 

Chj = time-averaged production cost (Rs./farm) 

C1 = mean of production cost averaged over all years in the current period, 

βck = C1/C1k = normalization factor used to scale production cost survey data to the 

current period mean (Here, βck = 1, because cost data is representative for the current 

period). It was used to avoid biases that may result because of mixing primary and 

secondary data. Otherwise it would not be truly represents of farm next and previous 30 

year data sets. 

Ghjt = Chjt/Rhjt = production cost relative to revenue (unit-free) 

Ghj = Chj/Rhj = time-averaged production cost relative to time-averaged revenue (unit-

free) 

Vhjt = Rhjt – Chjt = crop net returns for the farm (Rs./year) 

Vhj = average of Vhjt over current or future time (Rs.) 

Mean output change in crop (%) = (mean relative yield -1)*100 

Means for R1j, C1j, R2j and C2j, and the standard deviations of V1j and V2j, for each farm 

were calculated, and time averaged values were used in the analysis sheets.  
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Source: www. tradeoffs.oregonstate.edu 

Figure 3.3: Components of TOA-MD analysis 
 

3.4. Regional Representative Agricultural Pathways (RAPs) 

For the analysis, System 2 was parameterized by using the regional RAPs. The RAPs are 

the climate, economic and social environment, or socio-economic settings in which 

production systems operate. These are basically qualitative story lines, which are 

developed with the help of team of transdisciplinary scientist by following the nested 

approach as was used by IPCC for SSP (O’Neill et al., 2012). Development procedure for 

the RAPs is described in the Figure 3.4. 
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Source: www.agmip.org 

Figure 3.4: Developing RAPs and Scenarios by using nested approach assuring  

  consistency 

Need for the application of pathways (RAPs) in the impact assessment of future 

production system is given (Figure 3.5). These RAPs were developed in the light of 

adaptation package developed for Rice-Wheat system of Punjab, Pakistan (Ahmad et al., 

2015). Indicators used in the crop modelling were changes in the fertilizer application, 

sowing densities, irrigation and the sowing dates. Nitrogen application was increased (15 

percent for rice and 25 percent for wheat). Sowing densities (Plant/m2) for the crops were 

increased (15 percent for rice and 30 percent for wheat). Irrigation application was 

supposed to decrease in the future (15 percent for rice and 25 percent for wheat). Sowing 

dates were altered and decreases in the plantations were used (5 days for rice and 15 days 

for wheat) for the adaptation analysis. 
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         Objective 1: Sensitivity of current agricultural production systems to CC 

        Objective 2: Impact of CC on future agricultural production systems  

        Objective 3: Benefits of CC adaptations  

        Source: www.tradeoffs.oregonstate.edu/impacts (reproduced) 

Figure 3.5: Need for the RAPs in CC-IA 

For the current study regional pathways developed for the Rice-Wheat cropping system of 

Punjab by AgMIP Pakistan (Ashfaq et al., 2014) were used. These pathways were in the 

form of DevRAPs Matrix. This matrix is tool built in Excel spreadsheet and provides 

structure to document the information for using in quantitative scenarios development 

(Valdivia and Antle, 2012). In order to make regional RAPs consistent with global 

models, trend factors were employed (Rosenzweig et al., 2013) as by Baig et al. (2014), 

Ahmad et al. (2014) and Claessens et al. (2012).  In all three types of analyses, poverty 

line is defined as USD 1.25 per person per day. At the time of analysis, one USD was 

equal to PKR 94.68 and season length was taken as one year. 

The International Model for Policy Analysis of Agricultural Commodities and Trade 

(IMPACT) by Nelson et al. (2010) and Nelson et al. (2009) was used for yields, prices 

and costs trend factors for farming activities. These data were used integrated with 

regional RAPs. These trends were in real terms, based on 2005 in USD, in order to make 

the regional RAPs consistent with the global RAPs. The yields trends based on IMPACT 

for rice wheat and fodders were 139, 126 and 140 percent, respectively. Price trends 

calculated disregarding CC, for wheat and rice and fodders (sorghum/lucern, jwar, and 

bajra), were 127, 119 and 126 percent. The price trends values with taking into account 

the CC were 133, 125 and 140 percent, respectively. In case of cost, the values of trend 
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factors for wheat, rice, and fodders were 139, 125 and 136 percent, respectively. 

Livestock was also trended by using the regional RAPs in different CC scenarios. 

3.5. Analysis Sequence 

The analysis is divided into three main sections. In the first part, sensitivity of current 

agricultural production systems to CC was estimated. In this step, impact of CC on the 

socio-economic indicators, were measured without adaptation. Here, the system 1 

represented the base climate and base technology, and system 2 represented, changed 

climate and base technology. The impacts of CC on mean net returns, per capita income 

and poverty rates for the farmers of study area were estimated.  

In the second step, the isolated role of climate impacts on the future production system 

was evaluated. This scenario differs from the previous, because it considers the future 

development in the agricultural sector which is not directly motivated by CC. Impacts of 

CC were quantified without considering adaptations, and by using RAPs. Here, System 1, 

represented base climate and base technology with RAPs, and disregarding the 

adaptations. System 2 was composed of changed climate and base technology, without 

adaptations and using RAPs. 

In the third phase of analysis, the benefits of CC adaptations from proposed adaptation 

package were estimated. In this scenario, System 1 was perturbed climate and base 

technology (with trends), and system 2 was composed of changed climate and adapted 

production system. Detailed sequence of analysis is given in the Table 3.1. 

Table 3.1: Analysis chart for the study of Rice-Wheat cropping System of Punjab 

Scenario Rice and Wheat Crops Simulations * 

Analysis without adaptation (current 

production system) 
DSSAT and APSIM 

GCM CCSM4 
GFDL-

ESM2M 

HadGEM2-

ES 
MIROC5 MPI-ESM-MR 

Without adaptation and with RAPs 

(future production system, 2040-2069) 
DSSAT 

GCM CCSM4 
GFDL-

ESM2M 

HadGEM2-

ES 
MIROC5 MPI-ESM-MR 

With adaptation and  with RAPs (future 

production system, 2040-2069) 
DSSAT 

GCM CCSM4 
GFDL-

ESM2M 

HadGEM2-

ES 
MIROC5 MPI-ESM-MR 

*    Livestock and minor crops data were based on RAPs 
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3.6 Hypotheses Formulation  

Following are the hypotheses of study; 

1.   Ho: Mean revenue of current system (RS1) = Mean revenue of future system (RS2) 

H1: Mean revenue of current system (RS1) > Mean revenue of future system (RS2) 

2.  Ho: Mean revenue of current system with future economic scenarios (RS1) = Mean 

 revenue of alternate system with future economic scenarios (RS2) 

H1: Mean revenue of current system with future economic scenarios (RS1) > Mean 

 revenue of alternate system with future economic scenarios (RS2) 

3.  Ho: Mean revenue of current system with adaptations (RS1) = Mean revenue of       

 alternate system without adaptations (RS2) 

H1: Mean revenue of current system with adaptations (RS1) > Mean revenue of       

 alternate system without adaptations (RS2) 

Test statistics is given as: 

Z =  

3.7 Summary 

The Rice-Wheat cropping system of Punjab province of Pakistan was selected as the 

study area. Farming system as a whole was considered, which comprised two main cereal 

crops (wheat and rice), livestock, and fodders (sorghum, lucerne, jwar, maize and bajra). 

A mixture of primary and secondary data was used for the analysis. For primary data, 

farm survey of 155 farmers from five districts was conducted. Stratified random sampling 

technique was used to select respondents. To quantify the economic impact of CC in 

different scenarios, TOA-MD was used. The yield simulations of wheat and rice crops 

from two crop growth models; DSSAT and APSIM were used as inputs for the analyses. 

Crop simulations and related secondary data were taken from the database of AgMIP-

Pakistan (Ahmad et al., 2013). Future production systems were parameterized by using 

RAPs. The global RAPs i.e. IMPACT data (Nelson et al. 2009; Nelson et al. 2010) were 

also used for calculating the trend factors. Based on the predicted results of the alternative 

system, associated impacts on gainers, losers, adopters, non-adopters, and on the entire 

population were quantified.  
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RESULTS AND DISCUSSIONS      CHAPTER 4 

This chapter is divided into four parts. In the first part, detailed summary statistics of 

major crops, livestock and minor crops are given. For the second part, the sensitivity of 

prevailing faming systems to CC was estimated, which is the first objective of the study. 

For this section, only the impact of CC on the socio-economic indicators of farmers in the 

study area was measured in the absence of adaptation. The impacts of CC on the average 

net returns per farm, per capita income and poverty rate in a rice-wheat cropping system 

of Punjab were estimated.  

Third section discusses the isolated roles of climate impacts on future production systems 

for the mid-century, i.e., 2040-2069, are given. In sum, this CC scenario was quantified 

without adaptation. Regional RAPs were used in this analysis. In the fourth part, the 

benefits of CC adaptations from a proposed adaptation package in a selected zone were 

computed, which is the third objective of the study.  

4.1  Summary Statistics of Production Data 

In this section detailed summary statistics of major crops, livestock and minor crops are 

given.  

The average farm size for the wheat crop was smallest in the Sialkot district and largest in 

the Nankana Sahib district, and it varied between 5.33 and 6.34 hectares across the 

sample area (Table 4.1). The average number of farms in each stratum was 31 in this 

study. That is why the maximum output was observed in the Nankana sahib district. 

However, maximum net returns were observed in the case of Gujranwala; this can be 

attributed to its relatively high output price and production. The figures in the form of 

averages for all of the districts under study are given in the below. The average farm 

numbers in each stratum was 31 in the study. The average total farm area in all five strata 

was 176.5 hectares, and the average output was 18,921 kg / farm. Wheat price / kilogram 

PKR 29. The average cost of production was PKR 338,348 per farm and PKR 5998.9 per 

hectare. The average net farm returns were PKR 204,908 per farm and PKR 36331.2 per 

hectare for the cropping season.  



 

 

46 

 

 

 

 

 

Table 4.1: Summary of wheat crop production data used in the TOA-MD analysis  

       (base system) in the study area 

Sr 

No. 

Name of 

Stratum 

No. of 

Farms 

Farm Area 

(Hec) 
Output 

(kg/farm/

season) 

Price 

(Rs / 

kg) 

Variable 

Cost 

(Rs/farm/ 

Rabi season) 

Net Returns 

(Rs/farm) 

Total Ave. Mean SD 

1 Sheikhupura 32 180.36 5.64 18427.8 29.04 326452.9 208819.1 181956.1 

2 Nankana 

Sahab 
30 

190.28 6.34 20564.6 28.7 357208.6 233168.7 165599.1 

3 Hafizabad 30 163.36 5.45 17057.2 27.93 320099.0 156436.7 142884.3 

4 Gujranwala 31 177.83 5.74 20312.1 29.11 329772.7 261571.6 162014.4 

5 Sialkot 32 170.75 5.33 18244.7 28.65 358208.9 164546.8 155413.8 

6 
Average of 

stratum 

(/farm) 

31 176.5 5.64 18921 29 338348 204908 161573.5 

7 
Average of 

stratum 

(/hectare) 

- - - 
3354.8  - 5998.9 36331.2 

161573.5 

 

Summary of rice crop production data used for the current system is given in Table 4.2. 

The average numbers of farm for each stratum were 31. Average farm size for the rice 

crop was smallest in the district Sialkot and largest in Nankana Sahib District and it 

varied between 5.33 and 6.34 hectares. However, highest production was observed in case 

of district Gujranwala. Highest net returns were observed for the case of Hafizabad that is 

attributed to its high output price and production. The data is depicted as averages of all 

five districts under study. The average farm area in all five strata was 176.5 hectares, and 

the average production was 18,376 kg / farm. The price of rice / kg was PKR 43. Average 

production cost rice was PKR 533,981 per farm and 94677.5 per hectare for the case of 

rice. The average net farm returns for rice were PKR 257,513 per farm and PKR 45658.3 

per acre in the cropping season in the study area. 
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Table 4.2: Summary of rice crop production data used in the analysis for base  

       system in the study area 

Sr 

No. 

Name of 

Stratum 

 

No. of 

Farms 

Farm Area 

(Hec) 
Output 

(kg/farm/ 

season) 

Price 

(Rs / 

kg) 

Variable Cost 

(Rs/farm/ 

Kharif season) 

Net Returns 

(Rs/farm) 

Total Ave. Mean SD 

1 Sheikhupura 32 180.36 5.64 16552.6 43.16 478825.7 235585.8 154774.6 

2 Nankana 

Sahab 

30 

 
190.28 6.34 19175.7 43.34 588168.6 242910.3 201913.3 

3 Hafizabad 30 163.36 5.45 19019.9 43.37 490825.5 334069.8 224080.0 

4 Gujranwala 31 177.83 5.74 19590.9 42.54 551652.9 281746.6 175169.2 

5 Sialkot 32 170.75 5.33 17540.3 42.96 560432.2 193255.3 156040.7 

6 
Average of 

stratum 

(/farm) 

31 176.5 5.64 18376 43 533981 257513 182395.5 

7 
Average of 

stratum 

(/hectare) 

- - - 3258.1 -  94677.5 45658.3 182395.5 

 

Summary of milk production data used for system 1 is given in Table 4.3. Data are in the 

form of averages of all five districts considered for study. The average cattle per farm 

varied from 3 to 8, and the farm herd includes cows, buffalos, and other young animals. 

Highest average numbers of cattle were observed in the Sheikhupura district and least in 

the district Sialkot. However, in case of milk production, highest production was 

observed for district Nankana sahib, at the same time average variable cost was also 

highest for this stratum. The average net returns were largest for the case of Sialkot; this 

is due to its high output price and least cost of production.  

The average number of cattles all five strata was 5.6, while the average output was 3,281 

liters, on a per farm basis. Price of milk / kilogram was PKR 51 while the average cost of 

production was PKR 77,587 / farm. Average net farm returns were PKR 59,813 per year. 

Farm area in both major farming activities was considered same, although on an average 

the land allocation to wheat crop was 1 % more than the rice crop. But in the model, for 

the sake of avoiding biasness, these were taken same for both cases. 
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Table 4.3: Summary of milk production data used in the analysis for base system in    

       the study area 

Sr 

No. 

Name of 

Stratum 

Average 

Animals/ 

Farm 

(No.) 

Output 

(liter/farm/ 

year) 

Price 

(Rs/ 

kg) 

Variable 

Cost 

(Rs/farm/ 

year) 

Net Returns 

(Rs/farm) 

Mean SD 

1 Sheikhupura 7.78 3547.73 53 105919 55178.60 280739.61 

2 Nankana 

Sahab 
6.98 4568.15 44 148237 39128.40 435547.58 

3 Hafizabad 5.63 3502.27 49 66240 62394.56 232678.76 

4 Gujranwala 4.65 2569.23 52 33328 67241.85 164123.50 

5 Sialkot 3.34 2220.59 58 34209 75123.63 183391.85 

6 
Average of 

stratum 

(/farm) 
5.6 3281 51 77587 59813 259296 

 

Sorghum and lucern fodder production data used for the current system are given in Table 

4.4. Average farm size for fodders (lucern and sorghum) was 1.6 hectares in the study 

area. The largest productions as well as net returns were observed for district Sialkot. 

These data are mean for selected five districts. Mean cultivated area of all five strata for 

the case of sorghum and lucern fodders was 49.1 hectare and the average production was 

135 ton per farm. Fodder output price was PKR 864 per ton. Average variable cost of 

production was PKR 73,462 per farm and PKR 45,913.7 per hectare for a cropping 

season. However, the average net returns were PKR 54,189 per farms and PKR 33868.1 

per hectare in the study area. 
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Table 4.4: Summary of sorghum and lucern fodder production data used in the     

       analysis for base system 

Sr 

No. 

Name of 

Stratum 

Area (Hec) 
Output 

(ton/farm/

season) 

Price 

(Rs/ton) 

Variable 

Cost 

(Rs/farm/ 

season) 

Net Returns 

(Rs/farm) 

Total Ave. 
Mean SD 

1 Sheikhupura 46.1 1.5 122.9 781 64618.91 39166.6 41835.6 

2 Nankana 

Sahab 
40.7 1.4 115.6 765 67236.17 37238.0 48095.7 

3 Hafizabad 50.8 1.7 144.3 1012 79674.25 64723.9 36291.1 

4 Gujranwala 52.9 1.8 145.5 719 72352.78 62351.5 47721.8 

5 Sialkot 55.1 1.8 146.9 955 83429.96 67464.6 44319.3 

6 
Average of 

stratum 

(/farm) 
49.1 1.6 135 864 73462 54189 43652.7 

7 
Average of 

stratum 

(/hectare) 
- - 84.3  - 45913.7 33868.1 - 

 

Fodders (jwar, maize and bajra) production data used in the analysis for the base systems 

are given (Table 4.5). The average farm size varied between 0.8 and 1.2 hectare. It was 

smallest for Sialkot and largest for the district Sheikhupura. This was due to the high 

price that farmers of the Sheikhupura district were getting for the fodders. Ultimately, 

they were enjoying the highest net returns. The average farm area of all five strata was 

30.3 hectare, and the average production was 87.3 ton per farm. The average output price 

for the fodders was PKR 622 per ton. The average variable costs of production were PKR 

47,249 per farm and PKR 47,249 per hectare for a cropping season. However, average net 

returns were PKR 29,032 per farms, and PKR 29,032 per hectare for a cropping season in 

the study area. 
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Table 4.5: Summary of jwar, maize and bajra fodder production data used in the     

       analysis for base system 

Sr 

No. 

Name of 

Stratum 

Area (Hec) Output 

(ton/farm

/season) 

Price 

(Rs/ton) 

Variable 

Cost 

(Rs/farm/ 

season) 

Net Returns 

(Rs/farm) 

Total Ave. 
Mean SD 

1 Sheikhupura 36.6 
1.2 

101.8 743 53855.86 36542.4 41943.4 

2 Nankana 

Sahab 
31.9 

1.1 
94.8 689 52368.33 33268.1 52332.9 

3 Hafizabad 28.2 
0.9 

83.7 670 45747.92 31694.9 47831.2 

4 Gujranwala 31.4 
1.0 

90.3 547 47757.46 26559.5 58469.9 

5 Sialkot 23.8 
0.8 

66.1 539 36514.84 17095.9 35201.7 

6 Average of 

stratum 

(/farm) 

30.3 1.0 87.3 622 47249 29032 47156 

7 Average of 

stratum 

(/hectare) 

- - 87.3 - 47249 29032 
- 
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4.2 Sensitivity of Current Agricultural Production System to Climate Change 

In this section, the results of the analysis, using a ‘current technology, perturbed climate’ 

scenario for future climate and current production systems, are given. This analysis was 

carried out to determine the isolated impacts of CC on current agricultural production 

systems. This section is further sub-divided into two parts. First, the average change in 

the projected production of farming activities, i.e., major crops, livestock and minor 

crops, is given. Second, the findings of the socio-economic impact assessment are 

discussed.  

4.2.1  Mean Change in the Projected Productions due to Climate Change 

Observed mean production would remain the same for all strata based on farmer surveys. 

The average change in future production was different for each stratum and was 

quantified from the crop modes simulations. The quantification method for the average 

change in crop production in the future is given in section 3.3 of Chapter 3. It is clear 

from the analysis (Table 4.6) that the observed average production of wheat in the 

Sheikhupura stratum would be 18427.9 kg / farm. The decrease in average production 

from DSSAT was from 5.3 to 20.7 %, and in the case of APSIM, the wheat indicated 

decrease ranging from 0.1 to 5.9 % for all 5 GCMs. The observed average production of 

wheat for the Nankana Sahib stratum is 20,564.7 kg / farm. The decrease in the average 

production for the case of DSSAT was from 5.3 to 17.3 %, and for the APSIM findings, 

wheat exhibited a change ranging from -2.3 to 1.3 % for all 5 GCMs. For the Hafizabad 

district, the observed average production of wheat was 17057.2 kg / farm. The decrease in 

average production for DSSAT ranged from 5.7 to 17.2 %. In the case of APSIM, the 

wheat exhibited a decrease ranging from 1 to 5.1 % for all 5 GCMs. 

For the Gujranwala stratum, the observed average production of wheat was 20312.1 kg / 

farm (Table 4.6). A decrease in the average production of wheat for DSSAT ranged from 

7.1 to 19.6 %. In the case of APSIM, the wheat exhibited a decrease ranging from 8.5 to 

10.1 % for all 5 GCMs. For the Sialkot stratum, the observed average output of wheat 

was 18,244.8 kg / farm. The decrease in the average production in DSSAT was from 7.3 

to 31.4 %. For the cases of APSIM, the wheat exhibited a decrease ranging from 41 to 

45.6 % for all 5 GCMs. However, in the case of the overall findings of all farms in the 

study area, the observed average wheat output was 18,915.2 kg. Decrease in average 

output for first crop model was between 6.2 to 19 %, and for APSIM, it varied between 

10.6 and 12.3 %. 
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Table 4.6: Mean change in the output of wheat due to climate change 

          GCM & Crop 

          Model 

 Stratum  

CCSM4 GFDL-ESM2M HadGEM2-ES MIROC5 MPI-ESM-MR 

DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM 

Sheikhupura  

Observed mean 

output (kg/farm) 
18427.9 18427.9 18427.9 18427.9 18427.9 18427.9 18427.9 18427.9 18427.9 18427.9 

Mean change in 

output 
-5.3 1.6 -13.0 -5.9 -17.9 0.3 -17.3 1.1 -20.7 -0.1 

Nankana Sahib  

Observed mean 

output (kg/farm) 
20564.7 20564.7 20564.7 20564.7 20564.7 20564.7 20564.7 20564.7 20564.7 20564.7 

Mean change in 

output (%) 
-5.3 -0.6 -13.0 0.6 -17.3 -2.3 -15.3 1.1 -12.8 1.3 

Hafizabad  

Observed mean 

output (kg/farm) 
17057.2 17057.2 17057.2 17057.2 17057.2 17057.2 17057.2 17057.2 17057.2 17057.2 

Mean change in 

output (%) 
-5.7 -2.6 -10.9 -1.0 -16.1 -4.7 -17.2 -3.9 -11.1 -5.1 

Gujranwala  

Observed mean 

output (kg/farm) 
20312.1 20312.1 20312.1 20312.1 20312.1 20312.1 20312.1 20312.1 20312.1 20312.1 

Mean change in 

output (%) 
-7.1 -8.7 -16.2 -8.5 -19.6 -10.1 -13.2 -8.6 -14.3 -8.9 

Sialkot  

Observed mean 

output (kg/farm) 
18244.8 18244.8 18244.8 18244.8 18244.8 18244.8 18244.8 18244.8 18244.8 18244.8 

Mean change in 

output (%) 
-7.3 -45.6 -11.2 -41.0 -13.7 -43.5 -31.4 -41.6 -14.4 -41.8 

Aggregated Results (for all farms) 

Observed mean 

output (kg/farm) 
18915.2 18915.2 18915.2 18915.2 18915.2 18915.2 18915.2 18915.2 18915.2 18915.2 

Mean change in 

output (%) 
-6.2 -11.4 -12.8 -11.5 -16.9 -12.3 -19.0 -10.6 -14.7 -11.2 
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It is clear from the analysis that the observed mean production of rice would remain the 

same for all strata as it is for the base system and was based on farmer surveys (see Table 

4.7 for details). The average change in the future production was different for each strata 

and it was quantified from the crop simulation models (CSM). The quantification method 

for the average change in the crop production in the future is given in Chapter 3. In case 

of Sheikhupura stratum, output would be 16552.6 kg / farm. The decrease in average 

production from DSSAT was from 6.2 to 31.5 %, and for APSIM, a decrease ranging 

between 13.3 and 24 % was observed.  The observed average production of rice for the 

stratum Nankana Sahib is 19175.8 kg / farm. The decrease in average production for the 

DSSAT was from 6.1 to 42.7 %. For second CSM, rice exhibited a decrease ranging 

between 27.1 to 34 % for all 5 GCMs. For Hafizabad district, the observed average 

production of rice was 19,020 kg / farm. The decrease in average production for DSSAT 

was from 7 to 33.3 %. In the case of APSIM, the rice exhibited a productivity decrease 

ranging between 10.6 to 26.7 % for all 5 GCMs. 

For the Gujranwala stratum, the observed average production of rice was 19,591 kg / 

farm, details are given in the Table 4.7. A decrease in average production of rice for 

DSSAT ranged from 9.3 to 21.6 %, while in the case of APSIM, the rice exhibited output 

decrease ranging between 1.7 to 24 %. For the Sialkot stratum, observed average 

production of rice was 17,540.4 kg / farm. The decrease in the average production in 

DSSAT was from 7.4 to 22.3 %. In the cases of APSIM, the rice exhibited a decrease 

ranging from 2 to 14.5 % for all 5 GCMs. However, in the case of the overall findings of 

all farms, the observed average production of rice is 18,349.5 kg / farm. The decrease in 

the average production in DSSAT ranged from 8.1 to 30.1 %, and in APSIM it ranged 

from 14.6 to 19.6 %. 
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Table 4.7: Mean change in the output of rice due to climate change 

     GCM & Crop 

     Model 

 Stratum  

CCSM4 GFDL-ESM2M HadGEM2-ES MIROC5 MPI-ESM-MR 

DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM 

Sheikhupura   

Observed mean 

output (kg/farm) 16552.6 16552.6 16552.6 16552.6 16552.6 16552.6 16552.6 16552.6 16552.6 16552.6 

Mean change in 

output (%) -6.2 -20.5 -31.5 -20.9 -10.5 -24.0 -9.5 -13.3 -20.3 -20.1 

Nankana Sahib  

Observed mean 

output (kg/farm) 19175.8 19175.8 19175.8 19175.8 19175.8 19175.8 19175.8 19175.8 19175.8 19175.8 

Mean change in 

output (%) -21.9 -29.4 -42.7 -34.0 -6.1 -28.7 -18.4 -27.1 -19.5 -30.4 

Hafizabad  

Observed mean 

output (kg/farm) 
19020 19020 19020 19020 19020 19020 19020 19020 19020 19020 

Mean change in 

output (%) -15.3 -12.8 -33.3 -13.8 -7.0 -23.9 -10.0 -26.7 -27.6 -10.6 

Gujranwala  

Observed mean 

output (kg/farm) 19591 19591 19591 19591 19591 19591 19591 19591 19591 19591 

Mean change in 

output (%) -11.2 -6.9 -21.6 -24.0 -9.3 -6.0 -10.6 -1.7 -17.6 -10.3 

Sialkot  

Observed mean 

output (kg/farm) 17540.4 17540.4 17540.4 17540.4 17540.4 17540.4 17540.4 17540.4 

17540.

4 17540.4 

Mean change in 

output (%) -8.4 -13.7 -22.3 -4.1 -7.4 -14.5 -13.2 -12.2 -17.9 -2.0 

Aggregated Results (for all farms) 

Observed mean 

output (kg/farm) 18349.5 18349.5 18349.5 18349.5 18349.5 18349.5 18349.5 18349.5 18349.5 18349.5 

Mean change in 

output (%) -12.5 -16.6 -30.1 -19.2 -8.1 -19.3 -12.3 -16.0 -20.5 -14.6 

 

It is clear from the analysis that the observed mean milk production would remain same 

for all strata as it is for the base system and was based on farmers’ survey. It is evident 

from Table 4.8, the observed average productions of milk for the Sheikhupura, Nankana 

Sahib and Hafizabad districts were 3547.7, 4568.2 and 3502.3 litres / farm, respectively. 

However, in the cases of Gujranwala and Sialkot districts, average milk productions were 

2569.2 and 2220.6 litres / farm / year, respectively. In the case of overall average milk 
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production, it was 3266.7 liters / farm / year for all the case of GCMs. The decrease in 

production of milk for all the case of strata was 12 %. As modeled data for the milk 

production was not available that is why, future milk projections were based on the RAPs. 

Table 4.8: Mean change in the output of milk production due to climate change 

           GCM & Crop 

          Model  

 Stratum 

CCSM4 GFDL-ESM2M HadGEM2-ES MIROC5 MPI-ESM-MR 

DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM 

Sheikhupura   

Observed mean 

production 

(liter/farm/annum) 

3547.7 3547.7 3547.7 3547.7 3547.7 3547.7 3547.7 3547.7 3547.7 3547.7 

Mean change in 

production (%) 
-12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 

Nankana Sahib  

Observed mean 

production 

(liter/farm/annum) 

4568.2 4568.2 4568.2 4568.2 4568.2 4568.2 4568.2 4568.2 4568.2 4568.2 

Mean change in 

production (%) 
-12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 

Hafizabad  

Observed mean 

production 

(liter/farm/annum) 

3502.3 3502.3 3502.3 3502.3 3502.3 3502.3 3502.3 3502.3 3502.3 3502.3 

Mean change in 

production (%) 
-12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 

Gujranwala  

Observed mean 

production 

(liter/farm/annum) 

2569.2 2569.2 2569.2 2569.2 2569.2 2569.2 2569.2 2569.2 2569.2 2569.2 

Mean change in 

production (%) 
-12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 

Sialkot  

Observed mean 

production 

(liter/farm/annum) 

2220.6 2220.6 2220.6 2220.6 2220.6 2220.6 2220.6 2220.6 2220.6 2220.6 

Mean change in 

production (%) 
-12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 

Aggregated Results (for all farms) 

Observed mean 

production 

(liter/farm/annum) 

3266.7 3266.7 3266.7 3266.7 3266.7 3266.7 3266.7 3266.7 3266.7 3266.7 

Mean change in 

production (%) 
-12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 
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Results of climate change impacts for the fodders production in the current agricultural 

system in the study area are given in Table 4.9. Observed mean production of 

sorghum/lucern for districts Sheikhupura, Nankana Sahib and Hafizabad were 122.9, 

115.6 and 144.3 ton / farm, respectively. However, for the Gujranwala and Sialkot 

districts, average sorghum/lucern productions were 145.5 and 146.9 ton / farm, 

respectively. The overall production of these fodders was 135.1 ton / farm and the 

decrease in production for all the case of strata was 24 %. 

For jwar, maize and bajra fodders the observed average productions for districts 

Sheikhupura, Nankana Sahib and Hafizabad were 101.8, 94.8 and 83.7 ton / farm, 

respectively. However, for the Gujranwala and Sialkot districts, average productions of 

jwar, maize and bajra were 90.3 and 66.1 ton / farm, respectively. The overall production 

was 87.3 ton / farm for all GCMs. Decrease due to CC in production of jwar, maize and 

bajra for all strata was 24 %. For the fodders of both seasons, projections of CC scenarios 

were not base on the modeled data. These projections were estimated with the help of 

regional RAPs and IMPACT model. 

Table 4.9: Mean change in the output fodders due to climate change  

Stratum 

Sorghum/Lucern Fodders Jwar, Maize and Bajra Fodders 

Observed 

mean output 

(ton/farm) 

Mean 

change in 

output (%) 

Observed 

mean output 

(ton/farm) 

Mean change in 

output (%) 

Sheikhupura 122.9 -24.0 101.8 -24.0 

Nankana Sahib 115.6 -24.0 94.8 -24.0 

Hafizabad 144.3 -24.0 83.7 -24.0 

Gujranwala 145.5 -24.0 90.3 -24.0 

Sialkot 146.9 -24.0 66.1 -24.0 

Aggregated results 

(for all farms) 135.1 -24.0 87.3 -24.0 
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4.2.2 Climate Change Impact Assessment 

In this section, the findings of individual districts are discussed first, and then the findings 

for the whole farming sampled area are described.  

For the Sheikhupura stratum, the analysis indicated that there would be 43.4 to 85.2 % 

farm vulnerable in DSSAT and 69.6 to 75.5 % in the case of APSIM under perturbed 

climatic conditions (Table 4.10). The gains and losses (in the form of percent) in DSSAT 

ranged from 7.7 to 12.7 % and 24.4 to 34.2 %, respectively. While for other CSM 

simulations these values ranged from 12.9 to 13.9 % and 22 to 25.1 %, respectively. For 

each GCM, the profits, losses, and the net impacts in the form of % of the average net 

returns are given in Figure 4.1. The observed net returns would be PKR 0.59 M / farm for 

both CSM (if CC is not taken in the analysis). The average net returns varied from PKR 

0.46 to 0.53 M for DSSAT, and PKR 0.5 to 0.53 M with CC for each farm in the region 

for the second CSM findings.  

The observed / capita income, with current climate, was approximately PKR 76.19 

thousand / person. Under CC, the / capita income would decline and vary between PKR 

60.18 and 68.84 thousand / person / year in DSSAT and between PKR 65.24 and 68.31 

thousand / person / year in for the second CSM findings. Observed poverty, with current 

climate would be 25.5 %. Contrarily, with climate case, poverty rise 29.3 to 34.9 % for 

DSSAT and for the second CSM findings it was 29.5 to 31.7 %. These poverty ranges 

were consistent with the findings by Jamal (2013) for the same cropping system of 

Punjab. 
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Table 4.10: Climate sensitivity of current agricultural production systems for   

         district Sheikhupura 

Socio economic Indicator 
DSSAT APSIM 

FROM TO FROM TO 

Observed net returns without CC 

(Rs./farm/year) 
593859.8 593859.8 593320.7 593320.7 

Predicted net returns with CC 

(Rs./farm/year) 
458055.5 531561.4 501009.3 527091.6 

Observed per-capita income without 

CC (Rs./person/year) 
76191.7 76191.7 76128.2 76128.2 

Predicted per-capita income with CC 

(Rs./person/year) 
60175.6 68844.6 65241.4 68317.4 

Observed poverty rate without CC (%) 25.5 25.5 25.5 25.5 

Predicted poverty rate with CC (%) 29.3 34.9 29.5 31.7 

Losers (%) 43.4 85.2 69.6 75.5 

Gains (% mean net returns) 7.7 12.7 12.9 13.9 

Losses (% mean net returns) 24.4 34.2 22.0 25.1 
 

For the Nankana Sahib stratum, the analysis indicated that the number of losers in 

DSSAT ranged from 46.3 to 83.7 % and in APSIM from 72.7 to 76.4 %, due to CC 

(Table 4.11). The profits and losses (in the form of percent) in DSSAT were from 9.6 to 

18.5 % and from 30.1 to 47.6 %, respectively. Whereas, for the case of for the second 

CSM findings these values showed a range from 17.3 to 18 % and from 31.1 to 33.1 %, 

for profits and losses respectively. Percent profits, losses, and net impacts (as average net 

returns) are shown in the Figure 4.2. The observed net returns, with current climate were 

PKR 0.58 M / farm for both CSM findings. In case of CC, the net returns were from PKR 

0.41 to 0.49 M / farm in DSSAT, and from PKR 0.46 to 0.48 M / farm in for the second 

CSM findings. 

The observed / capita income with current climate was approximately PKR 85.97 

thousand / person. Under CC, projected CC would vary between PKR 62.50 and 73.35 

thousand / person / year in DSSAT, and PKR 68.85 and 
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Figure 4.1: Distribution of gains and losses (percentage) for district Sheikhupura in current agricultural production systems
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71.68 thousand per person / year in for the second CSM findings, respectively. However, 

with current climate poverty rate would be 26.2 percent, and in case of CC it will grow 

and will be between 31.4 to 36.9 % in case of first CSM and wheat will be 32 to 33.3 % 

for the second CSM findings, respectively. 

Table 4.11: Climate sensitivity of current agricultural production systems for    

         district Nankana Sahib 

Socio economic Indicator 
DSSAT APSIM 

FROM TO FROM TO 

Observed net returns without CC 

(Rs./farm/year) 
583216.8 583216.8 583216.8 583216.8 

Predicted net returns with CC 

(Rs./farm/year) 
413944.4 492170.3 459732.3 480133.0 

Observed per-capita income without 

CC (Rs./person/year) 
85972.2 85972.2 85972.2 85972.2 

Predicted per-capita income with CC 

(Rs./person/year) 
62504.5 73349.6 68852.4 71680.8 

Observed poverty rate without CC (%) 26.2 26.2 26.2 26.2 

Predicted poverty rate with CC (%) 31.4 36.9 32.0 33.3 

Losers (%) 46.3 83.7 72.7 76.4 

Gains (% mean net returns) 9.6 18.5 17.3 18.0 

Losses (% mean net returns) 30.1 47.6 31.1 33.1 
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Figure 4.2:  Distribution of gains and losses (percentage) for district Nankana Sahib in current agricultural production systems 
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According to the quantifications of model for the case of Hafizabad stratum, farmers 

facing negative profit will be etween 64 to 89.4 percent in DSSAT and from 76.9 to 84.2 

% for the second CSM findings, due to CC (Table 4.12). The profits and losses (in the 

form of percent) in DSSAT ranged from 6.5 to 10.9 % and 20.2 to 28.5 %, respectively. 

For the case of second CSM, the % profits and losses ranged from 9.6 to 10.8 % and from 

20.9 to 24 %, respectively. Percent profits, losses, and net impacts for all GCMs (as 

average net returns) are shown in the Figure 4.3. The observed net returns with current 

climate were PKR 0.69 M / farm for the both CSM. Under CC, the average net profits 

changed between PKR 0.52 to 0.6 M / farm in case of DSSAT, and between PKR 0.56 to 

0.59 M / farm for the second CSM findings.  

The observed / capita income, with current climate was approximately PKR 90.72 

thousand / person. Under CC the / capita income would decline and vary between PKR 

70.06 and 80.19 thousand / person / year in DSSAT and PKR 75.10 and 79.18 thousand / 

person / year in for the second CSM findings, respectively. The poverty rate with current 

climate would be 18.4 %, and under CC poverty rates increase and would change between 

22.1 to 26.7 % for first CSM, and from 22.2 to 24.9 % for second CSM findings, 

respectively. 

Table 4.12: Climate sensitivity of current agricultural production systems for  

         district Hafizabad 

Socio economic Indicator 
DSSAT APSIM 

FROM TO FROM TO 

Observed net returns without climate 

change (Rs./farm/year) 
689001.2 689001.2 688640.0 688640 

Predicted net returns with climate 

change (Rs./farm/year) 
520230.7 602980.8 561430.6 594735 

Observed per-capita income without 

CC (Rs./person/year) 
90725.3 90725.3 90681.1 90681.1 

Predicted per-capita income with CC 

(Rs./person/year) 
70055.2 80190.0 75101.2 79180.1 

Observed poverty rate without climate 

change (%) 
18.4 18.4 18.4 18.4 

Predicted poverty rate with climate 

change (%) 
22.1 26.7 22.2 24.9 

Losers (%) 64.0 89.4 76.9 84.2 

Gains (% mean net returns) 6.5 10.9 9.6 10.8 

Losses (% mean net returns) 20.2 28.5 20.9 24.0 
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Figure 4.3: Distribution of gains and losses (percentage) for district Hafizabad in   current agricultural production systems 
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According to the quantifications of model for the case of stratum Gujranwala, the results 

revealed, the farmers facing losses in the future were between 57.6 to 87.7 percent in 

DSSAT and from 71.1 to 86.7 % in for the second CSM findings, under CC (Table 4.13). 

The gains and losses (in the form of percent) in DSSAT ranged from 5.1 to 8.5 % and 

18.2 to 23 %, respectively. In APSIM, the profits and losses (%) were between 8 to 9.6 % 

and from 15.9 to 21.5 %, correspondingly. Percent profits, losses, and net impacts for all 

GCMs (as average net returns) are shown in the Figure 4.4.  

The observed net returns with current climate were PKR 0.69 M / farm for the both CSM. 

With CC, the net returns changed from PKR 0.56 to 0.61 M / farm in case of DSSAT and 

from PKR 0.57 to 0.63 M / farm for the second CSM findings. The observed / capita 

income with current climate was approximately PKR 94.63 thousand / person. Under CC, 

the / capita income varied from PKR 77.32 to 84.56 thousand in DSSAT results and 

between PKR 78.56 and 86.86 thousand / person / year in APSIM, respectively. While, 

under CC scenario poverty rate would be 15.9 %. These poverty rates are consistent with 

the finding of IWMI (2004) for the region under study. In case of CC, projected results 

for poverty showed high value and these were between 18 to 21.3 % for first CSM 

simulations and from 18.1 to 21 % in case of APSIM yield findings, respectively. 

Table 4.13: Climate sensitivity of current agricultural production systems for  

         district Gujranwala 

Socio economic Indicator 
DSSAT APSIM 

FROM TO FROM TO 

Observed net returns without CC 

(Rs./farm/year) 
690354.1 690354.1 690354.1 690354.1 

Predicted net returns with climate 

change (Rs./farm/year) 
559369.9 614148.0 568800.2 631543.7 

Observed per-capita income without CC 

(Rs./person/year) 
94627.0 94627.0 94627.0 94627.0 

Predicted per-capita income with 

climate change (Rs./person/year) 
77323.0 84559.6 78568.8 86857.7 

Observed poverty rate without climate 

change (%) 
15.8 15.8 15.8 15.8 

Predicted poverty rate with CC (%) 18.0 21.3 18.1 21.0 

Losers (%) 57.6 87.7 71.1 86.7 

Gains (% mean net returns) 5.1 8.5 8.0 9.6 

Losses (% mean net returns) 18.2 23.0 15.9 21.5 
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Figure 4.4: Distribution of gains and losses (percentage) for district Gujranwala in current agricultural production systems 
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For Sialkot stratum, the findings indicated that farms vulnerable to CC would be from 

51.4 to 84.1 percent in case of DSSAT findings and from 82.5 to 87.3 % for the case of 

second CSM, due to CC (Table 4.14). The gains and losses (in the form of percent) in 

DSSAT ranged from 7 to 11.8 % and 20.3 to 27.8 %, respectively. Profits and damages 

(%) fluctuated between 10 to 10.9 % and between 24 to 29.5 %. Percent profits, losses, 

and net impacts for all GCMs (as average net returns) are shown Figure 4.5.  

The observed net returns with current climate were PKR 0.52 M / farm for both CSM. 

With CC, the net returns changed between PKR 0.42 to 0.46 M / farm for DSSAT and 

between PKR 0.39 to 0.43 M / farm in case of second CSM findings. The observed / 

capita income with current climate was approximately PKR 63.22 thousand / person. 

Under CC, projected / capita income would decline and vary between PKR 51.50 and 

56.70 thousand / person / year in DSSAT, and between PKR 48.70 and 52.44 thousand / 

person / year in case of second CSM findings, respectively. However, with current 

climate poverty rate would be 30.5 % and for CC it increased and exhibited a change 

between 35.3 to 40.2 % in DSSAT, and between 39.4 to 43.2 % in case of second CSM 

findings, respectively. 

Table 4.14: Climate sensitivity of current agricultural production systems for        

         district Sialkot 

Socio economic Indicator 
DSSAT APSIM 

FROM TO FROM TO 

Observed net returns without CC 

(Rs./farm/year) 
520617.7 520617.7 520617.7 520617.7 

Predicted net returns with climate 

change (Rs./farm/year) 
418906.4 464032.5 394570.5 427059.9 

Observed per-capita income without 

CC (Rs./person/year) 
63215.9 63215.9 63215.9 63215.9 

Predicted per-capita income with 

climate change (Rs./person/year) 
51504.6 56700.5 48702.5 52443.4 

Observed poverty rate without climate 

change (%) 
30.5 30.5 30.5 30.5 

Predicted poverty rate with climate 

change (%) 
35.3 40.2 39.4 43.2 

Losers (%) 51.4 84.1 82.5 87.3 

Gains (% mean net returns) 7.0 11.8 10.0 10.9 

Losses (% mean net returns) 20.3 27.8 24.0 29.5 
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Figure 4.5: Distribution of gains and losses (percentage) for district Sialkot in current agricultural production systems
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For all the selected farms in the Rice-Wheat cropping system of Punjab, the number of 

losers ranged from 73.1 to 85.4 percent in DSSAT and from 76.6 to 80 % in case of 

second CSM findings, due to CC (Table 4.15). Gains and losses (in the form of percent) 

for DSSAT ranged from 10.9 to 12.7 % and 22 to 28.3 %, respectively. For the case of 

APSIM, profits and losses ranged from 12.1 to 12.6 % and from 23.2 to 25.3 %, 

respectively. Percent profits, losses, and net impacts for all GCMs (as average net returns) 

are shown in Figure 4.6.  

The observed net returns with current climate were PKR 0.61 M / farm for the both 

CSMs. Under CC, the average net returns varied from PKR 0.48 to 0.54 M / farm in 

DSSAT, and from PKR 0.51 to 0.52 M / farm in case of second CSM findings. The 

observed / capita income, with current climate, was approximately PKR 62.85 thousand / 

person for a year. With CC, / capita income would reduce and vary between PKR 62.85 

and 69.72 thousand / person / year in DSSAT, and PKR 65.52 and 67.54 thousand / 

person / year in case of second CSM findings, respectively. With current climate poverty 

rate would be 24.4 %. Under CC projected poverty rates would increase ranging from 

28.5 to 32.5 % in DSSAT and from 30.4 to 31.8 % in case of second CSM findings, 

respectively. 

Table 4.15: Climate sensitivity of current agricultural production systems for 

 (aggregated farms) Rice-Wheat cropping system in Punjab 

Socio economic Indicator 
DSSAT APSIM 

FROM TO FROM TO 

Observed net returns without CC 

(Rs./farm/year) 
614374.2 614374.2 614193.0 614193.0 

Predicted net returns with CC 

(Rs./farm/year) 
475746.9 536580.5 506998.0 522803.0 

Observed per-capita income without 

climate change (Rs./person/year) 
78638.5 78638.5 78621.6 78621.6 

Predicted per-capita income with CC 

(Rs./person/year) 
62847.2 69722.7 65520.7 67544.5 

Observed poverty rate without 

climate change (%) 
24.1 24.4 24.4 24.4 

Predicted poverty rate with climate 

change (%) 
28.5 32.5 30.4 31.8 

Losers (%) 73.1 85.4 76.6 80.0 

Gains (% average net returns) 10.9 12.7 12.1 12.6 

Losses (% average net returns) 22.0 28.3 23.2 25.3 
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Figure 4.6: Distribution of profits and losses (percentage) for all farms of study area in current agricultural production systems 
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4.3 The Impacts of CC on Future Agricultural Production Systems 

In this section, the findings of analysis, using future production system and current 

climate scenario for the study area are given. This section is further sub-divided into two 

parts. In the first part, the average change in the projected productions of farming 

activities, i.e., major crops, livestock and minor crops are given, and then at the second 

part, the findings of the socio-economic impact assessment are discussed.  

4.3.1  Mean Change in Projected Productions due to CC with RAPs 

In the following Tables 4.16 and 4.17, projected average productions would be same for 

all strata, as it was based on farmers’ survey and later it was projected for the future 

production system by applying RAPs. Average change in the production for system 2 was 

different for each strata and it was quantified from the CSM. Method for quantification of 

average change in the crop production in the future is given in the Chapter 3.  

It is clear from the Table 4.16 that the predicted average production of wheat for the 

Sheikhupura stratum would be 25791.3 kg per farm. The decrease in average production 

in DSSAT was from 5.3 to 20.7 %, while, in the case of APSIM, wheat indicated a 

decrease ranging from 0.1 to 5.9 % for the all 5 GCMs. The projected average production 

of wheat for the Nankana Sahib stratum is 28,782 kg / farm. The decrease in the average 

production in DSSAT was from 5.3 to 17.3 %, while for the case of APSIM, the wheat 

indicated a change ranging from -2.3 to 0.6 %. For the Hafizabad district, projected 

average production of the wheat was 23,873 kg / farm. The decrease in the average 

production in DSSAT was from 5.7 to 17.2 %, while for the case of APSIM, the wheat 

exhibited a decrease ranging from 1 to 5.1 % for all 5 GCMs. 

For the Gujranwala stratum projected average production of wheat was 27,883 kg / farm. 

A decrease in the average production of wheat in DSSAT was from 7.1 to 19.6 %; while 

for the case of APSIM, wheat exhibited a decrease ranging from 8.5 to 10.1 % for all 5 

GCMs. For the Sialkot stratum, projected average production of wheat was 25,535 kg / 

farm. The decrease in the average production in DSSAT was from 7.3 to 31.4 %, while, 

for the case of APSIM, the wheat exhibited a decrease ranging from 41 to 45.6 % for all 5 

GCMs. While, in the case of the overall findings of all farms in the study area, projected 

average production of the wheat was 26,473 kg per farm. The decrease in average 

production in DSSAT ranged from 6.2 to 19 %, while in APSIM it ranged from 10.6 to 

12.3 %. 
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Table 4.16: Mean change in the production of wheat for future production system 

              GCM & Crop 

           Model 

 Stratum  
            

CCSM4 GFDL-ESM2M HadGEM2-ES MIROC5 MPI-ESM-MR 

DSSA

T APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM 

Sheikhupura  

Projected mean output 

(kg/farm)  

25791.

3 
25791.3 25791.3 25791.3 25791.3 25791.3 25791.3 25791.3 25791.3 25791.3 

Mean change in output 

(%) 
-5.3 1.6 -13.0 -5.9 -17.9 0.3 -17.3 1.1 -20.7 -0.1 

Nankana Sahib  

Projected mean output 

(kg/farm)  
28782 28782 28782 28782 28782 28782 28782 28782 28782 28782 

Mean change in output 

(%) 
-5.3 -0.6 -13.0 0.6 -17.3 -2.3 -15.3 1.1 -12.8 1.3 

Hafizabad  

Projected mean output 

(kg/farm)  
23873 23873 23873 23873 23873 23873 23873 23873 23873 23873 

Mean change in output 

(%) 
-5.7 -2.6 -10.9 -1.0 -16.1 -4.7 -17.2 -3.9 -11.1 -5.1 

Gujranwala  

Projected mean output 

(kg/farm)  
27883 27883 27883 27883 27883 27883 27883 27883 27883 27883 

Mean change in output 

(%) 
-7.1 -8.7 -16.2 -8.5 -19.6 -10.1 -13.2 -8.6 -14.3 -8.9 

Sialkot  

Projected mean output 

(kg/farm)  
25535 25535 25535 25535 25535 25535 25535 25535 25535 25535 

Mean change in output 

(%) 
-7.3 -45.6 -11.2 -41.0 -13.7 -43.5 -31.4 -41.6 -14.4 -41.8 

Aggregated Results (for all farms) 

Projected mean output 

(kg/farm)  
26473 26473 26473 26473 26473 26473 26473 26473 26473 26473 

Mean change in output 

(%) 
-6.2 -11.4 -12.8 -11.5 -16.9 -12.3 -19.0 -10.6 -14.7 -11.2 

 

It is clear from the Table 4.17 that the projected average production of rice for the 

Sheikhupura stratum would be 20,963 kg / farm, . The decrease in the average production 

in DSSAT was from 6.2 to 31.5 %, while APSIM indicated a decrease ranging between 

13.3 and 24 % for rice crop.  The projected average production of the rice for Nankana 

Sahib stratum was 24,285 kg / farm. The decrease in the average production in DSSAT 

was from 6.1 to 42.7 %, while for the case of APSIM, rice indicated decrease ranging 

between 27.1 and 34 % for all 5 GCMs. For the Hafizabad district, projected average 

production of the rice was 24087.6 kg / farm. The decrease in the average production in 
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DSSAT was from 7 to 33.3 %, while in APSIM the rice exhibited a productivity decrease 

ranging between 10.6 to 26.7 % for all 5 GCMs. 

For the Gujranwala stratum, the projected average production of rice was 24811.8 kg. A 

decrease in the average production of rice in DSSAT was from 9.3 to 21.6 %, while for 

the case of APSIM, rice showed output decrease ranging between 1.7 and 24 %. For the 

Sialkot stratum, projected average production of rice would be 22213.8 kg / farm. The 

decrease in the average production in DSSAT was from 7.4 to 22.3 %, and in the case of 

APSIM, rice exhibited a decrease ranging from 2 to 14.5 % for all 5 GCMs. For overall 

findings of all farms in the study area, the projected average production of rice is 23238.5 

kg / farm. The decrease in the average production in DSSAT changed between 8.1 to 30.1 

%, while in APSIM it varied from 14.6 to 19.2 %. 
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Table 4.17: Mean change in the production of rice for future production system 

               GCM & Crop 

          Model 

 Stratum       

CCSM4 GFDL-ESM2M HadGEM2-ES MIROC5 MPI-ESM-MR 

DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM 

Sheikhupura   

Projected mean output 

(kg/farm)  
20963 20963 20963 20963 20963 20963 20963 20963 20963 20963 

Mean change in 

output (%) 
-6.2 -20.5 -31.5 -20.9 -10.5 -24.0 -9.5 -13.3 -20.3 -20.1 

Nankana Sahib  

Projected mean output 

(kg/farm)  
24285 24285 24285 24285 24285 24285 24285 24285 24285 24285 

Mean change in 

output (%) 
-21.9 -29.4 -42.7 -34.0 -6.1 -28.7 -18.4 -27.1 -19.5 -30.4 

Hafizabad  

Projected mean output 

(kg/farm)  
24088 24087.6 24087.6 24087.6 24087.6 24087.6 24087.6 24087.6 24087.6 24087.6 

Mean change in 

output (%) 
-15.3 -12.8 -33.3 -13.8 -7.0 -23.9 -10.0 -26.7 -27.6 -10.6 

Gujranwala  

Projected mean output 

(kg/farm)  
24811 24810.8 24810.8 24810.8 24810.8 24810.8 24810.8 24810.8 24810.8 24810.8 

Mean change in 

output (%) 
-11.2 -6.9 -21.6 -24.0 -9.3 -6.0 -10.6 -1.7 -17.6 -10.3 

Sialkot  

Projected mean output 

(kg/farm)  
22214 22213.8 22213.8 22213.8 22213.8 22213.8 22213.8 22213.8 22213.8 22213.8 

Mean change in 

output (%) 
-8.4 -13.7 -22.3 -4.1 -7.4 -14.5 -13.2 -12.2 -17.9 -2.0 

Aggregated Results (for all farms) 

Projected mean output 

(kg/farm)  
23238.5 23238.5 23238.5 23238.5 23238.5 23238.5 23238.5 23238.5 23238.5 23238.5 

Mean change in output 

(%) 
-12.5 -16.6 -30.1 -19.2 -8.1 -19.3 -12.3 -16.0 -20.5 -14.6 

 

It is clear from Table 4.18 the projected average milk productions for districts 

Sheikhupura, Nankana Sahib and Hafizabad were 4079.9, 5253.4 and 4027.6 litres / farm 

/ year, respectively. However, in the case of Gujranwala and Sialkot districts, average 

milk productions were 2954.6 and 2553.7 litre / farm / year, respectively. The overall 

average milk production was 3756.8 liters / farm for all GCMs. The decrease in milk 
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production for all the case of strata was 12 %. Due to unavailability of livestock modeled 

data, this value was based on the regional RAPs. 

Table 4.18: Mean change in the milk production for future production system  

           GCM & Crop 

          Model 

 Stratum 

CCSM4 GFDL-ESM2M HadGEM2-ES MIROC5 MPI-ESM-MR 

DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM 

Sheikhupura   

Projected mean 

production 

(liter/farm/annum) 

4079.9 4079.9 4079.9 4079.9 4079.9 4079.9 4079.9 4079.9 4079.9 4079.9 

Mean change in 

production (%) 
-12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 

Nankana Sahib  

Projected mean 

production 

(liter/farm/annum) 

5253.4 5253.4 5253.4 5253.4 5253.4 5253.4 5253.4 5253.4 5253.4 5253.4 

Mean change in 

production (%) 
-12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 

Hafizabad  

Projected mean 

production 

(liter/farm/annum) 

4027.6 4027.6 4027.6 4027.6 4027.6 4027.6 4027.6 4027.6 4027.6 4027.6 

Mean change in 

production (%) 
-12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 

Gujranwala  

Projected mean 

production 

(liter/farm/annum) 

2954.6 2954.6 2954.6 2954.6 2954.6 2954.6 2954.6 2954.6 2954.6 2954.6 

Mean change in 

production (%) 
-12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 

Sialkot  

Projected mean 

production 

(liter/farm/annum) 

2553.7 2553.7 2553.7 2553.7 2553.7 2553.7 2553.7 2553.7 2553.7 2553.7 

Mean change in 

production (%) 
-12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 

Aggregated Results (for all farms) 

Projected mean 

production 

(liter/farm/annum) 

3756.8 3756.8 3756.8 3756.8 3756.8 3756.8 3756.8 3756.8 3756.8 3756.8 

Mean change in 

production (%) 
-12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 -12.0 
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Results of CC impacts on the fodders production in future in the study area are given in 

the Table 4.19. The projected mean productions of sorghum/lucern in Rabi season for 

districts Sheikhupura, Nankana Sahib and Hafizabad were 172.1, 161.8 and 202.1 ton / 

farm, respectively. However, for Gujranwala and Sialkot district, average sorghum/lucern 

productions were 203.7 and 205.7 ton / farm, respectively. In the case of overall 

production, it was 189.1 ton / farm for all GCMs. Decrease in the production of 

sorghum/lucern for all the case of strata was 24 %. 

In the case of jwar, maize and bajra fodders during Kharif season, the projected average 

productions for Sheikhupura, Nankana Sahib and Hafizabad districts were 142.5, 132.7 

and 117.2 ton / farm, respectively (Table 4.17). For Gujranwala and Sialkot districts, the 

average productions of these fodders were 126.4 and 92.5 ton / farm, respectively. The 

overall production was 122.2 ton / farm for all GCMs. Projected decrease under CC for 

the production of jwar, maize and bajra for all strata was 24 %. These projections were 

based on the regional pathways.  

Table 4.19: Mean change in the production of fodders for future production system 

Stratum 

Rabi Fodder (sorghum and 

lucern) 

Kharif Fodders (jwar, maize and 

bajra) 

Projected 

mean output 

(ton/farm) 

Mean 

change in 

output (%) 

Projected 

mean output 

(ton/farm) 

Mean change in 

output (%) 

Sheikhupura 172.1 -24.0 142.5 -24.0 

Nankana Sahib 161.8 -24.0 132.7 -24.0 

Hafizabad 202.1 -24.0 117.2 -24.0 

Gujranwala 203.7 -24.0 126.4 -24.0 

Sialkot 205.7 -24.0 92.5 -24.0 

Aggregated results 

(for all farms) 
189.1 -24.0 122.2 -24.0 
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4.3.2 Impact of Climate in Future without Adaptation 

Here, in this section, the findings of individual districts are discussed first and then the 

findings for the study area are described. Quantifications were made to evaluate the 

isolated impacts of CC for the Rice-Wheat region of Punjab, Pakistan without assuming 

the adaptation strategies. Details are given below. 

The impacts of CC in future without taking adaptation for the Sheikhupura district are 

presented in the Table 4.20. It is clear from the findings that the numbers of losers were 

from 54.1 to 81 % in DSSAT, and from 55.1 to 65.5 % in APSIM, due to CC. Profits and 

losses (in the form of percent) for DSSAT ranged from 9.2 to 12.4 % and 13.6 to 20.2 %, 

respectively. In case of second CSM, the profits ranged from 10.9 to 12.4 %, and losers 

were from 13.7 to 15.8 %. Percent profits, losses, and net impacts for all GCMs (as 

average net returns) are shown in Figure 4.7. The projected net returns with current 

climate were PKR 1.27 M / farm for the both CSMs. Under CC, the net returns varied 

from PKR 1.08 to 1.25 M / farm in DSSAT and from PKR 1.19 to 1.24 M / farm in case 

of second CSM findings, for a year respectively. 

The projected / capita income, with current climate, was PKR 111.97 thousand / person. 

With CC, it would decline and vary between PKR 96.39 and 110.18 thousand / person per 

year in DSSAT, and PKR 104.97 and 109.77 thousand / person / year in case of second 

CSM findings, respectively. However, with current climate, poverty rate would be 13.5 

%. Under CC, poverty upsurged and indicated a variety between 13.5 to 16.5 % in 

DSSAT, and from 13.3 to 15.4 % in case of second CSM findings, respectively. 
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Table 4.20: Impact of climate in future without adaptation for district Sheikhupura 

Socio economic Indicator 
DSSAT APSIM 

FROM TO FROM TO 

Projected net returns without CC 

(Rs./farm/year) 
1269670.4 1269670.4 1269670.4 1269670.4 

Projected net returns with CC 

(Rs./farm/year) 
1084631.3 1248396.5 1186546.6 1243487.3 

Projected per-capita income without 

climate change (Rs./person/year) 
111973.8 111973.8 111973.8 111973.8 

Projected per-capita income with 

climate change (Rs./person/year) 
96386.2 110181.7 104971.5 109768.2 

Projected poverty rate without 

climate change (%) 
13.5 13.5 13.5 13.5 

Projected poverty rate with climate 

change (%) 
13.5 16.5 13.3 15.4 

Losers (%) 54.1 81.0 55.1 65.5 

Gains (% mean net returns) 9.2 12.4 10.9 12.4 

Losses (% mean net returns) 13.6 20.2 13.7 15.8 

.
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Figure 4.7: Distribution of gains and losses (percentage) for district Sheikhupura in future agricultural production systems
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The impacts of CC in future time period without taking the adaptation strategies, for the 

Nankana Sahib district are presented in Table 4.21. It is clear from the findings that the 

number of losers would be from 62.1 to 79.1 % in DSSAT, and from 61.2 to 66.5 % in 

case of second CSM findings, under CC. Profits and losses (in the form of percent) for 

DSSAT changed between 13.6 to 16.4 % and 19.2 to 28.3 %, correspondingly. For 

second CSM findings, the percentage profits and losses ranged from 17.3 to 19.8 % and 

from 23.7 to 27.1 %, respectively. Percent profits, losses, and net impacts for all GCMs 

(as average net returns) are shown in Figure 4.8. The projected net returns, with current 

climate were PKR 1.31 M / farm for the selected CSMs. With CC the net returns varied 

from PKR 1.05 to 1.22 M / farm in DSSAT simulations and changed from PKR 1.16 to 

1.21 M / farm in case of second CSM findings.  

The projected / capita income with current climate was PKR 133.85 thousand / person. 

Under CC, it varied between PKR 108.51 and 125.36 thousand for DSSAT and between 

PKR 119.39 and 124.20 thousand / person / year for case of second CSM findings, 

respectively. However, with current climate, the poverty rate would be 13.6 %. Under 

CC, poverty rates were increased and exhibited ranges from 14.4 to 17.2 % in DSSAT, 

and from 14.4 to 14.9 % in case of second CSM findings, respectively 

Table 4.21: Impact of climate in future without adaptation for district Nankana               

  Sahib 

Socio economic Indicator 
DSSAT APSIM 

FROM TO FROM TO 

Projected net returns without CC 

(Rs./farm/year) 
1310741.3 1310741.3 1310741.3 1310741.3 

Projected net returns with climate 

change (Rs./farm/year) 
1054975.8 1225091.1 1164779.4 1213373.4 

Projected per-capita income 

without climate change 

(Rs./person/year) 

133846.5 133846.5 133846.5 133846.5 

Projected per-capita income with 

CC (Rs./person/year) 
108518.7 125364.8 119392.2 124204.4 

Projected poverty rate without CC 

(%) 
13.6 13.6 13.6 13.6 

Projected poverty rate with CC 

(%) 
14.4 17.2 14.4 14.9 

Losers (%) 62.1 79.1 61.2 66.5 

Gains (% mean net returns) 13.6 16.4 17.3 19.8 

Losses (% mean net returns) 19.2 28.3 23.7 27.1 
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 Figure 4.8: Distribution of profits and losses (percentage) for district Nankana Sahib in future agricultural production systems 
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The impacts of CC in future time period without taking the adaptation strategies for 

district Hafizabad are given in the Table 4.22. It is clear from the findings that the number 

of losers would be from 64.1 to 80 percent in DSSAT, and from 56.8 to 72.7 % in case of 

second CSM findings, under CC. Profits and losses (in the form of percent) for DSSAT 

ranged from 9.9 to 12.3 % and 14.4 to 24.2 %, respectively. For second CSM, the % 

profits and losses changed from 10.8 to 15.1 % and from 16.1 to 19.5 %, correspondingly. 

Percent profits, losses, and net impacts for all GCMs (as average net returns) are shown in 

the Figure 4.9. The projected net returns with current climate were PKR 1.4 M / farm for 

the both CSM simulations. Under CC, the net returns varied from PKR 1.16 to 1.32 M / 

farm in DSSAT and from PKR 1.25 to 1.35 M / farm in case of second CSM findings.  

The projected / capita income, with current climate was PKR 127.08 thousand / person 

for a year. Under CC, projected / capita income showed a range from PKR 106.2 to 120.2 

thousand / person / year in DSSAT, and from PKR 113.98 to 123.14 thousand / person in 

case of second CSM findings, respectively. However, with current climate poverty rate 

would be 10 %. These ranges were consistent with the finding of Baig et al. (2008) and 

IWMI (2007). In case of CC it changed from 10.4 to 11.9 % in DSSAT and from 8.5 to 

11.8 % in case of second CSM findings, respectively. 

Table 4.22: Impact of climate in future without adaptation for district Hafizabad 

Socio economic Indicator 
DSSAT APSIM 

FROM TO FROM TO 

Projected net returns without CC 

(Rs./farm/year) 

1398034.

1 
1398034.1 1398034.1 1398034.1 

Projected net returns with CC 

(Rs./farm/year) 

1159427.

3 
1319337.1 1248299.3 1352959.4 

Projected per-capita income 

without CC (Rs./person/year) 
127079.2 127079.2 127079.2 127079.2 

Projected per-capita income with 

CC (Rs./person/year) 
106205.4 120194.6 113980.1 123136.0 

Projected poverty rate without CC 

(%) 
10.0 10.0 10.0 10.0 

Projected poverty rate with CC (%) 10.4 11.9 8.5 11.8 

Losers (%) 64.1 80.0 56.8 72.7 

Gains (% mean net returns) 9.9 12.3 10.8 15.1 

Losses (% mean net returns) 14.4 24.2 16.1 19.5 
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Figure 4.9: Distribution of gains and losses (percentage) for district Hafizabad in  future  agricultural production systems 
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The impacts of CC in future time period without taking the adaptation strategies the 

district Gujranwala are given in the Table 4.23. It is clear from the findings that the 

number of losers would be from 60 to 77.9 percent in DSSAT, and from 41.1 to 76.1 % in 

case of second CSM findings, under CC. Profits and losses (in the form of percent) for 

DSSAT ranged from 8.5 to 12.4 % and 13.2 to 18.5 %, respectively. In case of APSIM, 

the percentage profits and losses ranged from 8.6 to 14.1 % and from 11.5 to 16.4 %, 

respectively. Percent profits, losses, and net impacts for all GCMs (as average net returns) 

are shown in in Figure 4.10.  

The projected net returns with current climate were around PKR 1.42 M / farm for the 

both CSM simulations. Under CC, the net returns declined and varied from PKR 1.24 to 

1.36 M / farm in DSSAT, and from PKR 1.27 to 1.47 M / farm in case of second CSM 

findings. The projected / capita income with current climate was PKR 136.44 thousand / 

person for a year. Under CC, it would decline and vary between PKR 119.88 and 131.46 

thousand / person / year in DSSAT and PKR 122.48 and 141.22 thousand / person / year 

for case of second CSM findings, respectively. With current climate, poverty rate would 

be 9.1 %. In the case of CC poverty rates showed a range from 8.9 to 10 % in DSSAT and 

from 8.7 to 10.1 % in case of second CSM findings, respectively. 

Table 4.23: Impact of climate in future without adaptation for district Gujranwala 

Socio economic Indicator 
DSSAT APSIM 

FROM TO FROM TO 

Projected net returns without CC 

(Rs./farm/year) 
1416843.1 1416843.1 1416843.1 1416843.1 

Projected net returns with CC 

(Rs./farm/year) 
1241305.6 1364054.5 1268955.8 1467468.1 

Projected per-capita income without 

CC (Rs./person/year) 
136439.3 136439.3 136439.3 136439.3 

Projected per-capita income with CC 

(Rs./person/year) 
119875.2 131458.0 122484.3 141216.4 

Projected poverty rate without CC 

(%) 
9.1 9.1 9.1 9.1 

Projected poverty rate with CC (%) 8.9 10.0 8.7 10.1 

Losers (%) 60.0 77.9 41.1 76.1 

Gains (% mean net returns) 8.5 12.4 8.6 14.1 

Losses (% mean net returns) 13.2 18.5 11.5 16.4 
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Figure 4.10: Distribution of gains and losses (percentage) for district Gujranwala in future agricultural production systems 



85 

 

 

 

Impacts of CC in future production system without adaptation for the Sialkot district are 

given in the Table 4.24. It is clear from the findings that the number of losers would be 

from 57.6 to 73.4 percent in DSSAT, and from 76.2 to 85.9 % in case of second CSM 

findings, under CC. Profits and losses (in the form of percent) for DSSAT ranged from 

13.5 to 17.4 % and 18.8 to 24.3 %, respectively. For second CSM, % profits and losses 

changed between 9.5 to 11.3 % and between 21.4 to 24.7 %, respectively. Percent profits, 

losses, and net impacts for all GCMs (as average net returns) are shown in Figure 4.11.  

The projected net returns with current climate were PKR 1.17 M / farm for the both CSM 

simulations. Under CC, the net returns declined and varied from PKR 1.00 to 1.11 M / 

farm in DSSAT, and from PKR 0.94 to 1.00 M / farm in case of second CSM findings. 

The projected / capita income, with current climate would be PKR 98.66 thousand / 

person for a year. Under CC, it exhibited a variation between PKR 85.31 and 94.30 

thousand / person / year in DSSAT, and PKR 79.57 and 85.54 thousand / person / year in 

case of second CSM findings. The poverty with current climate, would be 15.3 %, and 

under CC it changed between 16 to 18.6 % in DSSAT and from 19.1 to 20.8 % in case of 

second CSM findings, respectively 

Table 4.24: Impact of climate in future without adaptation for district Sialkot 

Socio economic Indicator 
DSSAT APSIM 

FROM TO FROM TO 

Projected net returns without CC 

(Rs./farm/year) 
1167092.5 1167092.5 1167092.5 

1167092.

5 

Projected net returns with CC 

(Rs./farm/year) 
1004859.3 1114170.3 935071.0 

1007612.

1 

Projected per-capita income without 

CC (Rs./person/year) 
98655.5 98655.5 98655.5 98655.5 

Projected per-capita income with CC 

(Rs./person/year) 
85312.7 94303.0 79573.0 85539.1 

Projected poverty rate without CC 

(%) 
15.3 15.3 15.3 15.3 

Projected poverty rate with CC (%) 16.0 18.6 19.1 20.8 

Losers (%) 57.6 73.4 76.2 85.9 

Gains (% mean net returns) 13.5 17.4 9.5 11.3 

Losses (% mean net returns) 18.8 24.3 21.4 24.7 
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Figure 4.11: Distribution of gains and losses (percentage) for district Sialkot in future agricultural production systems
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The impacts of CC in future time period without taking the adaptation strategies, for all 

farms in Rice-Wheat cropping system in Punjab are given in Table 4.25. It is clear that 

the number of losers would be from 59.5 to 77.1 % in DSSAT, and from 62.1 to 69.5 % 

in case of second CSM findings, under CC. Profits and losses (in the form of percent) for 

DSSAT ranged from 11.9 to 13.6 % and 16.3 to 23 %, respectively. In the case of 

APSIM, percentage profits and losses ranged from 12.4 to 13.8 % and from 18.1 to 19.7 

%, respectively. Percent profits, losses, and net impacts for all GCMs (as average net 

returns) are shown in Figure 4.12.  

The projected net returns with current climate were PKR 1.31 M per farm for the both 

CSM simulations. Under CC, the net returns changed from PKR 1.11 to 1.25 M / farm in 

DSSAT and from PKR 1.18 to 1.22 M / farm in case of second CSM findings. Projected / 

capita, income with current climate would be PKR 117.26 thousand / person / year. With 

CC, it would reduce between PKR 101.51 and 112.31 thousand / person / year in DSSAT, 

and PKR 105.27 and 109.4 thousand / person / year in case of second CSM findings, 

respectively. These findings are consistent with the finding of Baig et al. (2014). 

However, with current climate poverty rate would be 12.8 % and in case of CC, it 

changed and indicated a range from 13.1 to 14.9 % in DSSAT and 14.3 to 15.1 in case of 

APSIM. 

Table 4.25: Impact of climate in future without adaptation for all farms of Rice-     

         Wheat cropping system in Punjab 

Socio economic Indicator 
DSSAT APSIM 

FROM TO FROM TO 

Projected net returns without CC 

(Rs./farm/year) 
1310697.5 1310697.5 1310697 1310697.5 

Projected net returns with CC 

(Rs./farm/year) 
1115345.0 1248849.2 1182302 1223173.6 

Projected per-capita income without 

CC (Rs./person/year) 
117258.6 117258.6 117258.6 117258.6 

Projected per-capita income with 

CC (Rs./person/year) 
101508.2 112308.9 105265.7 109394.3 

Projected poverty rate without CC 

(%) 
12.8 12.8 12.8 12.8 

Projected poverty rate with CC (%) 13.1 14.9 14.3 15.1 

Losers (%) 59.5 77.1 62.1 69.5 

Gains (% mean net returns) 11.9 13.6 12.4 13.8 

Losses (% mean net returns) 16.3 23.0 18.1 19.7 
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Figure 4.12: Distribution of gains and losses (percentage) for all farms of study area in future agricultural production systems
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4.4 Evaluation of Potential Adaptation Strategies 

In this section the findings about the role of potential adaptation measures on the 

distribution of predicted adopters and non-adopters are presented. This section is further 

sub divided into two parts. First, the average changes in the projected productions of 

farming activities after the adaptation are given. Second, findings of the socio-economic 

impact assessment are discussed.  

4.4.1 Mean Change in Projected Productions after the Adaptations 

Impacts of CC adaptations on the production of wheat crop (kg/farm) in the study area are 

presented in Table 4.26. For the district Sheikhupura the projected average production 

would vary from 21,169 to 24,325 kg per farm in DSSAT and from 24,209 to 26,426 kg / 

farm for case of second CSM findings. Average increase in output would be from 5.1 to 

26 percent in DSSAT and for APSIM, simulations showed a change from 22.6 to 25.6 %. 

For Nankana Sahib District, the projected average production would vary from 23,453 to 

27,255 kg / farm in DSSAT and from 28,017 to 29,048 kg / farm in the case of APSIM. 

After the adaptations, average increase in output in DSSAT would be from 6.8 to 17.4 % 

and in the case of APSIM, wheat showed an increase of 30 to 34.7 %. For Hafizabad 

stratum, the projected average production would vary from 19,817 to 22,537 kg / farm in 

DSSAT and from 22,660 to 23,573 kg / farm in case of APSIM. Average increase in 

output was from 6.4 to 15.6 % in DSSAT, and for APSIM, wheat indicated a change 

between 24.3 and 25.3 %. 

For the Gujranwala stratum, projected average production would vary from 23,265 to 

26,476 kg / farm in DSSAT, and from 25,217 to 25,626 kg / farm in case of APSIM 

(Table 4.26). After implementing the adaptations, the average output would increase from 

21.6 to 34.3 % in DSSAT and in the case of APSIM; it exhibited a change between 24.8 

to 26 %.  

For the Sialkot stratum, projected average production would vary from 17,586 to 23,566 

kg / farm in DSSAT, and from 13,718 to 14,896 kg / farm for second CSM. Average 

production increase of wheat crop in DSSAT would be from 4.2 to 48.5 %, while in the 

case of APSIM, wheat showed an increase ranging between 47.5 and 83.5 % for all five 

GCMs. For all farms, projected output of wheat changed from 21,584 to 24,819 kg / farm 

in DSSAT and 23,167 to 23,657 kg / farm second CSM findings. The average change in 
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wheat productivity was from 10.2 to 22.6 % in case of DSSAT and from 30.6 to 39.2 % 

for the APSIM simulations. 

Table 4.26: Impact of CC adaptations on the output of wheat crop 

            GCM & Crop 

           Model 

 Stratum 

CCSM4 GFDL-ESM2M HadGEM2-ES MIROC5 MPI-ESM-MR 

DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM 

Sheikhupura  

Projected mean output 

without adaptation 

(kg/farm) 

24325.7 26426.0 22489.3 24209.5 21168.9 25831.8 21459.5 26084.0 22093.6 25739.7 

Mean change in 

output (%) 
5.1 23.6 11.6 23.6 26.0 25.6 16.4 22.6 13.9 23.2 

Nankana Sahib  

Projected mean output 

without adaptation 

(kg/farm) 

27255.1 28489.0 24828.8 28882.9 23453.5 28017.3 24486.4 29041.4 25140.7 29048.6 

Mean change in 

output (%) 
8.5 32.9 12.9 30.2 17.4 34.7 10.2 30.0 6.8 32.1 

Hafizabad  

Projected mean output 

without adaptation 

(kg/farm)  

22536.8 23279.4 21113.0 23572.9 19951.1 22660.6 19816.9 22961.6 21351.8 23463.1 

Mean change in 

output (%) 
8.7 25.1 13.5 24.6 15.6 25.3 15.0 24.3 6.4 24.6 

Gujranwala  

Projected mean output 

without adaptation 

(kg/farm) 

26475.6 25577.0 23779.9 25625.9 23265.3 25217.3 24739.8 25569.6 24131.7 25574.5 

Mean change in 

output (%) 
24.7 25.7 34.3 26.0 32.4 25.1 21.6 24.8 29.6 25.2 

Sialkot  

Projected mean output 

without adaptation 

(kg/farm) 

23565.6 13717.8 22613.3 14895.8 21997.8 14441.5 17586.2 14842.1 21800.5 14845.8 

Mean change in 

output (%) 
4.2 72.1 9.6 62.7 17.4 83.5 48.5 58.2 11.4 47.5 

Aggregated Results (for all farms) 

Projected mean output 

without adaptation 

(kg/farm) 

24819.5 23422.8 22959.4 23351.2 21965.8 23166.6 21583.8 23628.3 22886.9 23657.4 

Mean change in 

output (%) 
10.2 36.1 16.3 33.6 21.8 39.2 22.6 32.2 13.7 30.6 
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The impact of CC adaptations on the production of rice crop (kg/farm) in the study area is 

presented in Table 4.27. For the Sheikhupura district, the projected average production 

would vary from 14,216 to 19,569 kg / farm in DSSAT and 15,799 to 17,937 kg / farm in 

APSIM. Average increase in output would be from 17.3 to 39.3 % in DSSAT and in case 

of APSIM, simulations showed a range from 9.2 to 24 %. For the Nankana Sahib stratum, 

the projected average production would vary from 14,346 to 22,929 kg / farm for case of 

first CSM results i.e. DSSAT and from 15,496 to 17,721 kg / farm for the case of APSIM. 

After the adaptations average increase in output in DSSAT would be from 1.9 to 3.9 % 

and in case of APSIM, it showed a change ranging from -7.2 to 2.8 %. For the Hafizabad 

stratum, projected average production would vary from 15,786 to 22,422 kg / farm for 

case of first CSM findings i.e. DSSAT and from 17,773 to 20,929 kg / farm for the case 

of APSIM. The average increase in output would be from 5.7 to 7.6 % in case of first 

CSM findings i.e. DSSAT and for the case of APSIM, rice showed a change between 3.6 

and 36.4 %. 

For the stratum Gujranwala, projected average production would vary from 19,118 to 

22,538 kg / farm in case of first CSM findings i.e. DSSAT and from 18,850 to 29,289 kg / 

farm in case of APSIM (Table 4.27). After implementing the adaptations, the average 

output would increase from 9.6 to 18 % in case of first CSM findings i.e. DSSAT, and for 

second CSM productivity changed between -37 to 18 %. One harsh GCM (CCSM4) 

showed a significant decrease in the future productivity after the adaptations strategies. 

For the Sialkot stratum, projected average production would vary from 17,124 to 20,636 

kg / farm in DSSAT and from 18,991 to 21,625 kg / farm for second CSM. Average 

production increase of rice crop in DSSAT would be from 12.4 to 29.5 % and for second 

CSM, rice showed an increase ranging between 7.5 to 38.7 % for all five cases of 

climates scenarios. In case of all farms rice production varied from 16,126 to 21,427 kg / 

farm in DSSAT and 18,560 to 20,401 kg / farm in APSIM. The average change in rice 

productivity changed from 9.9 to 20.1 % in DSSAT, and from 1.7 to 24 % in APSIM. 
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Table 4.27: Impact of CC adaptations on the output of rice crop 

             GCM & Crop 

            Model 

 Stratum 

CCSM4 GFDL-ESM2M HadGEM2-ES MIROC5 MPI-ESM-MR 

DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM 

Sheikhupura   

Projected mean output 

without adaptation 

(kg/farm) 

19568.5 17055.8 14216.2 16846.1 18801.5 15799.0 18861.9 17937.0 16616.5 17139.5 

Mean change in 

output (%) 
18.6 10.1 17.8 9.2 39.3 21.1 36.4 24.0 17.3 9.8 

Nankana Sahib  

Projected mean output 

without adaptation 

(kg/farm) 

19162.6 16804.7 14346.1 15496.0 22929.4 17125.4 20084.7 17721.0 19878.8 16241.8 

Mean change in 

output (%) 
1.9 -0.3 3.4 -7.2 2.1 -1.5 2.5 2.8 3.9 -1.8 

Hafizabad  

Projected mean output 

without adaptation 

(kg/farm) 

20249.4 20500.7 15786.4 20144.5 22421.8 18192.9 21632.0 17772.9 17229.6 20929.3 

Mean change in 

output (%) 
6.7 3.6 7.1 4.0 5.7 23.0 6.6 36.4 7.6 4.0 

Gujranwala  

Projected mean output 

without adaptation 

(kg/farm) 

21761.6 23070.6 19118.4 18849.8 22538.1 23285.8 21695.0 29289.4 20016.0 22262.8 

Mean change in 

output (%) 
10.5 -37.1 9.6 4.3 11.7 5.6 18.0 17.7 10.0 6.7 

Sialkot  

Projected mean output 

without adaptation 

(kg/farm) 

20142.3 19363.5 17123.6 21381.9 20635.7 18991.1 19809.3 19232.7 18173.8 21625.4 

Mean change in 

output (%) 
12.9 31.7 13.6 7.5 12.4 38.7 29.5 24.6 19.6 11.7 

Aggregated Results (for all farms) 

Projected mean output 

without adaptation 

(kg/farm) 

20178.8 19353.4 16126.0 18559.8 21427.2 18675.4 20396.9 20401.4 18368.0 19650.0 

Mean change in 

output (%) 
9.9 1.7 11.0 3.7 15.6 17.3 20.1 24.0 11.4 6.1 

 

The Table 4.28, shows the projected average milk productions for Sheikhupura, Nankana 

Sahib and Hafizabad districts, i.e., 3902.5, 5025 and 3852.5 litres / farm / year, 

respectively for both CSMs. However, in case of Gujranwala and Sialkot stratum, average 

projected milk productions were 2826.1 and 2442.1 litres / farm, respectively. In case of 
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overall average milk production, it was 3593.4 liters / farm for all GCMs. Change in 

production of milk after the adaptations for all the case of strata was about 12 % and this 

was based on RAPs. 

Table 4.28: Impact of CC adaptations on the milk production  

         GCM & Crop 

        Model 

 Stratum       

CCSM4 GFDL-ESM2M HadGEM2-ES MIROC5 MPI-ESM-MR 

DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM DSSAT APSIM 

Sheikhupura   

Projected mean 

production 

(liter/farm/annum) 
3902.5 3902.5 3902.5 3902.5 3902.5 3902.5 3902.5 3902.5 3902.5 3902.5 

Mean change in 

production (%) 
42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 

Nankana Sahib  

Projected mean 

production 

(liter/farm/annum) 
5025.0 5025.0 5025.0 5025.0 5025.0 5025.0 5025.0 5025.0 5025.0 5025.0 

Mean change in 

production (%) 
42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 

Hafizabad  

Projected mean 

production 

(liter/farm/annum) 
3852.5 3852.5 3852.5 3852.5 3852.5 3852.5 3852.5 3852.5 3852.5 3852.5 

Mean change in 

production (%) 
42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 

Gujranwala  

Projected mean 

production 

(liter/farm/annum) 
2826.1 2826.1 2826.1 2826.1 2826.1 2826.1 2826.1 2826.1 2826.1 2826.1 

Mean change in 

production (%) 
42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 

Sialkot  

Projected mean 

production 

(liter/farm/annum) 
2442.7 2442.7 2442.7 2442.7 2442.7 2442.7 2442.7 2442.7 2442.7 2442.7 

Mean change in 

production (%) 
42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 

Aggregated Results (for all farms) 

Projected mean 

production 

(liter/farm/annum

) 

3593.4 3593.4 3593.4 3593.4 3593.4 3593.4 3593.4 3593.4 3593.4 3593.4 

Mean change in 

production (%) 
42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 42.0 
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4.4.2 Benefits of CC Adaptations  

Here in this section, first the results of individual districts are discussed, and afterward, 

findings for the study area are described.  

Impacts of CC adaptations for the Sheikhupura stratum are given in Table 4.29. The 

adopters (in the form of %) for the DSSAT ranged from 65.4 to 82 % and for APSIM 

from 69 to 76 %. Adaptation curves showing the distribution of adopters and non-

adopters, for all farms of district Sheikhupura are given in Figure 4.13. In case of first 

CSM findings i.e. DSSAT, the projected net returns without considering adaptation 

strategies changed between PKR 1.11 to 1.27 M / farm / year, and with adaptation it 

increased between PKR 1.28 to 1.5 M / farm / year. For APSIM, the projected net returns 

without considering adaptation strategies ranged from PKR 1.21 to 1.27 M / farm, and 

with adaptation, it ranged from PKR 1.43 to 1.56 M / farm / year.  

The projected / capita income without considering adaptation strategies would be from 

PKR 98.54 to 112.34 thousand, while in case of adaptation it would range between PKR 

113.23 to 131.13 thousand / person / year for case of first CSM findings i.e. DSSAT. For 

second CSM, the projected / capita income without considering adaptation strategies 

cases will be from PKR 107.13 and 111.93 thousand, and with adaptation it would range 

from PKR 125.41 to 136.62 thousand / person / year. Without adaptation poverty rates 

would range from 14.2 to 16 % for the case of first CSM findings and from 13 to 15.1 % 

for the APSIM. However, with adaptation the poverty rates would change from 12.4 to 

14.6 % for DSSAT, and 12.1 to 13.7 % for APSIM crop simulations. 

Table 4.29: Benefits of CC adaptations for district Sheikhupura 

Socio economic Indicators 
DSSAT APSIM 

FROM TO FROM TO 

% adoption rate  65.4 82.1 69.2 75.7 

Projected net returns without adaptation 

(Rs./farm/year) 
1110247.5 1274012.7 1212162.8 1269103.5 

Projected net returns with adaptation 

(Rs./farm/year) 
1284609.8 1497067.7 1429187.3 1562310.3 

Projected per-capita income without 

adaptation (Rs./person/year) 
98544.1 112339.6 107129.4 111926.1 

Projected per-capita income with 

adaptation (Rs./person/year) 
113232.3 131129.7 125411.5 136625.7 

Projected poverty rate without adaptation 

(%) 
14.2 16.0 13.0 15.1 

Projected poverty rate with adaptation (%) 12.4 14.6 12.1 13.7 
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Figure 4.13: Adaptation curve showing distribution of adopters and non-adopters for all farms of district Sheikhupura 
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The impacts of CC adaptations for Nankana Sahib stratum are presented in the Table 

4.30. The adopters (in the form of %) for the DSSAT ranged from 53.3 to 56.7 % and for 

APSIM from 59.8 to 63.5 %. The adaptation curves showing the spread of all the farms as 

adopters and non-adopters for selected district are shown in Figure 4.14. In case of first 

CSM findings i.e. DSSAT, the projected net returns without considering adaptation 

strategies ranged from PKR 1.08 to 1.25 M / farm / year, and after adaptations it ranged 

from PKR 1.30 to 1.46 M / farm / year. For APSIM, the projected net returns without 

considering adaptation strategies ranged from PKR 1.18 to 1.23 M / farm, and with 

adaptation, it ranged from PKR 1.48 to 1.53 M / farm / year. 

In case of first CSM findings i.e. DSSAT, projected / capita income, without considering 

adaptation strategies would be from PKR 110.55 to 127.39 thousand, and with adaptation, 

it would be from PKR 132.4 to 148.2 thousand / person / year. For second CSM, 

projected / capita income without adaptation will be from PKR 121.42 and 126.23 

thousand, and with adaptation it would range from PKR 150.75 to 155.38 thousand / 

person. Without adaptation, poverty rates would range from 14.2 to 16.9 % for the 

DSSAT crop simulations, and from 14.3 to 14.7 % for the APSIM crop simulations. 

However, with adaptation, the poverty rates would change from 14.1 to 16.6 % for 

DSSAT, and 12.4 to 13.2 % for APSIM. 

Table 4.30: Benefits of CC adaptations for district Nankana Sahib 

Socio economic Indicators 
DSSAT APSIM 

FROM TO FROM TO 

% adoption rate  53.3 56.7 59.8 63.5 

Projected net returns without 

adaptation (Rs./farm/year) 

1075469.6 1245584.8 1185273.1 1233867.1 

Projected net returns with 

adaptation (Rs./farm/year) 

1296145.0 1455662.3 1481433.5 1528220.5 

Projected per-capita income 

without adaptation 

(Rs./person/year) 

110548.1 127394.2 121421.7 126233.8 

Projected per-capita income with 

adaptation (Rs./person/year) 

132401.1 148197.7 150749.7 155383.0 

Projected poverty rate without 

adaptation (%) 

14.2 16.9 14.3 14.7 

Projected poverty rate with 

adaptation (%) 

14.1 16.6 12.4 13.2 
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Figure 4.14: Adaptation curve showing distribution of adopters and non-adopters for all farms of district Nankana Sahib 



98 

 

 

 

Impacts of CC adaptations for Hafizabad stratum are presented in the Table 4.31. The 

adopters (in the form of %) of adaptation in case of first CSM findings i.e. DSSAT would 

be from 62.6 to 67.3 % and in APSIM from 69.3 to 77 %. The adaptation curves showing 

the spread of all the farms as adopters and non-adopters for selected district are shown in 

Figure 4.15. For case of first CSM findings i.e. DSSAT, the projected net returns without 

considering adaptation strategies ranged from PKR 1.19 to 1.35 M / farm / year, and by 

taking the impact of potential adaptation strategies  these were from PKR 1.36 to 1.51 M / 

farm / year. For the case of APSIM, the projected net returns without considering 

adaptation strategies ranged from PKR 1.28 to 1.38 M / farm and by including potential 

adaptations, these values showed a range between PKR 1.54 to 1.60 M / farm / year. For 

DSSAT simulations, projected / capita income without considering adaptation strategies 

were PKR 109.07 to 123.06 thousand, and by taking the impact of potential adaptation 

strategies it would be from PKR 123.42 to 137.29 thousand / person / year. In APSIM, 

projected / capita income without adaptation will be from PKR 116.84 and 126.0 

thousand, and by taking the impact of potential adaptation strategies  it would range from 

PKR 139.84 to 144.71 thousand / person / year. Without considering adaptation strategies 

poverty rate would range from 10.1 to 12.7 % for the DSSAT, and from 8.5 to 11.4 % for 

the APSIM crop simulations. However, by taking the impact of potential adaptation 

strategies, the poverty rate would change from 8.7 to 10.8 % for DSSAT and from 7 to 

8.5 % for the case of APSIM. 

Table 4.31: Benefits of CC adaptations for district Hafizabad 

Socio economic Indicators 
DSSAT APSIM 

FROM TO FROM TO 

% adoption rate  62.6 67.3 69.3 77.0 

Projected net returns without 

adaptation (Rs./farm/year) 
1192175.6 1352085.4 1281047.6 1385707.7 

Projected net returns with 

adaptation (Rs./farm/year) 
1356201.9 1514696.9 1543864.8 1599602.2 

Projected per-capita income without 

adaptation (Rs./person/year) 
109070.3 123059.5 116845.0 126000.9 

Projected per-capita income with 

adaptation (Rs./person/year) 

123419.6 137285.1 139836.8 144712.8 

Projected poverty rate without 

adaptation (%) 

10.1 12.7 8.5 11.4 

Projected poverty rate with 

adaptation (%) 

8.7 10.8 7.0 8.5 
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 Figure 4.15: Adaptation curve showing distribution of adopters and non-adopters for all farms of district Hafizabad 
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The impacts of CC adaptations for the Gujranwala stratum are presented in the Table 

4.32. The adopters (in the form of %) of adaptations for the case of first CSM findings i.e. 

DSSAT would be from 73.7 to 81.2 % and for APSIM from 45.1 to 82.1 %. The 

adaptation curves showing the spread of all the farms as adopters and non-adopters for 

selected district are shown in the Figure 4.16. For case of first CSM findings i.e. DSSAT, 

the projected net returns without adaptation ranged from PKR 1.26 to 1.38 M / farm / 

year, and by taking the impact of potential adaptation strategies  returns ranged from PKR 

1.52 to 1.61 M / farm / year. For APSIM, the projected net returns without considering 

adaptation strategies ranged from PKR 1.29 to 1.49 M / farm, and by taking the impact of 

potential adaptation strategies  it ranged from PKR 1.48 to 1.79 M / farm / year. For case 

of first CSM findings i.e. DSSAT, projected / capita income without considering 

adaptation strategies would be from PKR 121.77 to 133.35 thousand and by taking the 

impact of potential adaptation strategies  it would be from PKR 146.35 to 154.83 

thousand / person / year. For APSIM, the projected / capita income without considering 

adaptation strategies cases would be between PKR 124.38 to 143.11 thousand and by 

taking the impact of potential adaptation strategies  it would range from PKR 142.36 to 

171.36 thousand / person / year. Without considering adaptation strategies poverty would 

range from 9.1 to 12.2 % in DSSAT and from 8.5 to 9.9 % for the APSIM, respectively. 

However, by taking the impact of potential adaptation strategies the poverty rate would 

change from 7.4 to 9.7 % for DSSAT and from 6.9 to 8.4 % for APSIM. 

Table 4.32: Benefits of CC adaptations for district Gujranwala 

Socio economic Indicators 
DSSAT APSIM 

FROM TO FROM TO 

% adoption rate  73.7 81.2 45.1 82.1 

Projected net returns without 

adaptation (Rs./farm/year) 
1261358.5 1384107.4 1289008.6 1487521.0 

Projected net returns with  

adaptation (Rs./farm/year) 
1521940.4 1611730.7 1479615.9 1786861.9 

Projected per-capita income 

without adaptation 

(Rs./person/year) 

121767.4 133350.3 124376.5 143108.6 

Projected per-capita income with 

adaptation (Rs./person/year) 
146356.5 154829.3 142362.6 171355.1 

Projected poverty rate without 

adaptation (%) 
9.1 12.2 8.5 9.9 

Projected poverty rate with 

adaptation (%) 
7.4 9.7 6.9 8.4 
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Figure 4.16: Adaptation curve showing distribution of adopters and non-adopters for all farms of district Gujranwala 



102 

 

 

 

The impacts of CC adaptations for the Sialkot stratum are presented in the Table 4.33. It 

is evident that adopters (in the form of %) of potential adaptations for the case of first 

CSM findings i.e. DSSAT would be from 64.1 to 76.6 %, and for APSIM adopters would 

be from 76.3 to 87.9 %. The adaptation curves showing the spread of all the farms as 

adopters and non-adopters for selected district are shown in the Figure 4.17. For case of 

first CSM findings i.e. DSSAT, the projected net returns without adaptation ranged from 

PKR 1.03 to 1.14 M / farm / year, and by taking the impact of potential adaptation 

strategies  returns ranged from PKR 1.26 to 1.35 M / farm / year. For APSIM, the 

projected net returns without considering adaptation strategies ranged from PKR 0.96 to 

1.03 M / farm, and by taking the impact of potential adaptation strategies  it ranged from 

PKR 1.22 to 1.30 M / farm / year. For DSSAT, projected / capita income without 

considering adaptation strategies would be from PKR 87.49 to 96.48 thousand, and by 

taking the impact of potential adaptation strategies  it would be from PKR 106.28 to 

114.0 thousand / person / year. In APSIM, projected / capita income without considering 

adaptation strategies would be between PKR 81.75 and 87.72 thousand, and by taking the 

impact of potential adaptation strategies  it would range from PKR 103.39 to 109.75 

thousand / person. Without considering adaptation strategies, poverty would range from 

15.6 to 18.1 % for the DSSAT and from 18.3 to 19.9 % for the APSIM, respectively. 

However, by taking the impact of potential adaptation strategies the poverty rate would 

change from 12.4 to 14.5 % for DSSAT and from 14.7 to 15.8 % for APSIM. 

Table 4.33: Benefits of CC adaptations for district Sialkot 

Socio economic Indicators 
DSSAT APSIM 

FROM TO FROM TO 

% adoption rate  64.1 76.6 76.3 87.9 

Projected net returns without 

adaptation (Rs./farm/year) 
1031308.8 1140619.9 961520.5 1034061.6 

Projected net returns with 

adaptation (Rs./farm/year) 
1259810.1 1353731.4 1224699.2 1302000.2 

Projected per-capita income without 

adaptation (Rs./person/year) 
87488.1 96478.3 81748.4 87714.5 

Projected per-capita income with 

adaptation (Rs./person/year) 
106281.0 114005.6 103393.4 109750.9 

Projected poverty rate without 

adaptation (%) 
15.6 18.1 18.3 19.9 

Projected poverty rate with 

adaptation (%) 
12.4 14.5 14.7 15.8 
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Figure 4.17: Adaptation curve showing distribution of adopters and non-adopters for all farms of district Sialkot 
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The impacts of CC adaptations for all the selected farms of Rice-Wheat cropping system 

of Punjab are presented in the Table 4.34. It is clear that adopters (in the form of %) of 

potential adaptations in case of first CSM findings i.e. DSSAT would be from 64.9 to 

71.2 % and in APSIM from 66.8 to 76.2 %. The adaptation curves showing the spread of 

all the farms as adopters and non-adopters for selected districts are shown in the Figure 

4.18. For case of first CSM findings i.e. DSSAT, the projected net returns without 

considering adaptation strategies ranged from PKR 1.14 to 1.27 M and by taking the 

impact of potential adaptation strategies  returns ranged from PKR 1.34 to 1.48 M / farm / 

year. For APSIM, the projected net returns without considering adaptation strategies 

ranged from PKR 1.20 to 1.25 M / farm and by taking the impact of potential adaptation 

strategies  it ranged from PKR 1.44 to 1.55 M / farm / year. Projected / capita income in 

case of first CSM findings i.e. DSSAT, without considering adaptation strategies would 

be from PKR 103.66 to 114.46 thousand and by taking the impact of potential adaptation 

strategies  it would be from PKR 122.11 to 132.85 thousand / person / year.  
 

Table 4.34: Benefits of CC adaptations for (aggregated farms) Rice-           

Wheat cropping system in Punjab 

Socio economic Indicators 
DSSAT APSIM 

FROM TO FROM TO 

% adoption rate  64.9 71.2 66.8 76.2 

Projected net returns without 

adaptation (Rs./farm/year) 
1140409.4 1273913.6 1207367.3 1248238.1 

Projected net returns with adaptation 

(Rs./farm/year) 
1344041.7 1480165.4 1442947.4 1548992.7 

Projected per-capita income without 

adaptation (Rs./person/year) 
103661.1 114461.8 107418.7 111547.2 

Projected per-capita income with 

adaptation (Rs./person/year) 
122111.5 132847.0 127787.8 138075.1 

Projected poverty rate without 

adaptation (%) 
13.3 14.9 14.0 14.6 

Projected poverty rate with 

adaptation (%) 
11.1 13.0 11.6 12.5 
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Figure 4.18: Adaptation curve showing distribution of adopters and non-adopters for all farms of study area 
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For APSIM, projected / capita income for without considering adaptation strategies cases 

will be from PKR 107.42 and 111.55 thousand and by taking the impact of potential 

adaptation strategies  it would range from PKR 127.79 to 138.08 thousand / person / year. 

Without adaptation, poverty rate would range from 13.3 to 14.9 % for the DSSAT and 

from 14 to 14.6 % for the APSIM, respectively. Similar poverty rates (in the form of %) 

were quantified by Subash et al. (2015) in the impact assessment study. After 

implementing the adaptations, the poverty rate would change from 11.1 to 13 % for 

DSSAT, and 11.6 to 12.5 % for APSIM, respectively. 

4.5 Hypothesis Testing 

Following hypotheses were tested, 

Hypothesis 1:   

Ho: Mean revenue of current system (RS1) = Mean revenue of future system (RS2) 

It is expected that current agricultural production system of study area is vulnerable to 

CC. That is why in the future, productivities would go down. Most of the farmers would 

be worse off economically under the perturbed climate. Overall vulnerability can be 

measured by the proportion of farmers made worse off relative to some threshold like 

poverty line. As null hypotheses are rejected at 5 % level of significance, so it is evident 

that that current agricultural production system is vulnerable to CC. Details are presented 

in the Table 4.35. 

Table 4.35: Hypotheses testing for checking vulnerabilities of current agricultural  

         production system to climate 

Stratum Test Statistics Critical Value 
Decision (Reject 

Ho if Zcal  Z) 

Shekihupura 24.1 1.645 Reject H0 

Nankana Sahib 25.3 1.645 Reject H0 

Hafizabad 22.5 1.645 Reject H0 

Gujranwala 32.3 1.645 Reject H0 

Sialkot 24.4 1.645 Reject H0 

Overall Study Area 54.9 1.645 Reject H0 
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Hypothesis 2:  

Ho: Mean revenue of current system with future economic scenarios (RS1) = Mean 

revenue of alternate system with future economic scenarios (RS2) 

It is expected that future agricultural production system of study area is also vulnerable to 

CC. That is why in the future most of the farmers would be worse off economically. 

Overall vulnerability can be measured by the proportion of farmers made worse. As null 

hypotheses are rejected at 5 % level of significance, so it is evident that that future 

agricultural production system is vulnerable to CC. The details are presented in the Table 

4.36. 

Table 4.36: Hypotheses testing for checking vulnerabilities of future agricultural  

         production system to climate 

Stratum Test Statistics Critical Value 
Decision (Reject 

Ho if Zcal  Z) 

Sheikhupura 3.3 1.645 Reject H0 

Nankana Sahib 3.2 1.645 Reject H0 

Hafizabad 3.3 1.645 Reject H0 

Gujranwala 4.0 1.645 Reject H0 

Sialkot 3.7 1.645 Reject H0 

Overall Study Area 3.8 1.645 Reject H0 

Hypothesis 3:  

Ho: Mean revenue of current system with adaptations (RS1) = Mean revenue of    

alternate system without adaptations (RS2) 

It is expected that proposed adaptation package has significant impact in reducing the 

vulnerabilities of future agricultural productivity to CC. Overall farm losses could be 

reduced by implication of these adaptations. As null hypotheses are rejected at 5 % level 

of significance, so it is evident that that adaptation package has significant impact in 

reducing the farm losses in the study area (Table 4.37). 
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Table 4.37: Hypotheses testing for checking significance of potential adaptations to    

        climate 

Stratum Test Statistics Critical Value 
Decision (Reject 

Ho if Zcal  Z) 

Sheikhupura 2.2 1.645 Reject H0 

Nankana Sahib 2.6 1.645 Reject H0 

Hafizabad 2.5 1.645 Reject H0 

Gujranwala 6.6 1.645 Reject H0 

Sialkot 2.8 1.645 Reject H0 

Overall Study Area 5.2 1.645 Reject H0 

 

4.6 Summary 

In case of CC impact assessment of current production systems, overall findings showed 

that the number of losers would be from 73 to 85 %. The observed net returns with 

current climate would be PKR 0.61 M per farm. With CC, predicted net returns varied 

from PKR 0.47 to 0.53 M / farm / year. With current climate, poverty rate would be 24.4 

%, and in case of CC it changed between 28 to 32 %. 

Findings of impacts assessment of climate for future production system without 

considering adaptation strategies showed that there would be 60 to 77 % losers, due to 

perturbed climate. The projected net returns with current climate were PKR 1.31 M / 

farm. With CC, net returns changed from PKR 1.11 to 1.25 M / farm. With current 

climate, poverty rate would be upto 13 %, and in case of CC it would change and 

indicated a range from 13 to 15 %. 

For the case of adaptation, findings showed that there would be 65 to 76 % adopters. The 

projected net returns with adaptation ranged from PKR 1.34 to 1.54 M / farm / year. 

Without considering adaptation strategies, poverty would range from 13 to 15 %, and by 

taking the impact of potential adaptation strategies the poverty rate would change from 11 

to 13 %. Results of this study can have global impacts (application to other regions in 

Pakistan and other countries). Similar CC impacts were observed by Hanif et al. (2011) 

and Iqbal et al. (2013) for Pakistan and analogous poverty rates (in the form of %) were 
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quantified by Subash et al. (2015) in the impact assessment study of IGB region of India. 

It is expected similar change would be observed in the other regions of country. 

Results were according to a priori expectations, but for the case of Sialkot district finding 

showed a different trend for both impact as well as adaptation analysis. This could be 

attributed to the changing pattern of floods in the district. In some cases GCM CSM4 also 

showed some outliers. In case of crop simulations, DSSAT showed more consistent 

outcomes as compared to APSIM.  
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SUMMARY          CHAPTER 5 

Future economic stability in Pakistan largely rests on the wealth of natural resources and 

their wise utilization under changing climatic scenarios. Agriculture sector is dependent 

on weather, and therefore, CCs could have major effects on crop yields and food security. 

Short-term environmental changes are majorly and negatively impacting Pakistan’s 

agriculture. Crop growth cycles are heavily reliant on temperatures and its variabilities, 

and increasing temperatures over time shorten the length of seasons. Global temperatures 

have increased since industrialization at a rate of 0.6 °C per decade.  

Pakistan will be negatively impacted due CC, and temperature will increase up to 3°C by 

2040 (MOE, 2009). Wheat and rice are important crops in Pakistan, and they are sown in 

most agro-ecological regions, with every region expressing varied social, hydrological, 

and climatic conditions. Wheat is the main staple crop in Pakistan, and it is raised on 

approximately 9.03 M hectares with a production of 25.3 M tonnes. However, rice is the 

second major crop after wheat. It is grown on approximately 2.78 M hectares with a total 

production of 6.8 M tonnes (GOP, 2014). The Rice-Wheat cropping system in Punjab is 

vulnerable to climatic variability (Iqbal, 2013). This cropping zone includes more than 1 

M farm families and 1.1 M hectares of land. 

In this study, an important rice-wheat cropping system of Punjab was analysed. An 

extensive farm survey of 155 farmers was used for the study. From the study area, five 

districts were evaluated: Sheikhupura, Nankana Sahab, Hafizabad, Gujranwala and 

Sialkot. At least 30 farms were incorporated from each district. Past and future time 

periods of climate, crop and economic analyses followed periods from 1981-2010 and 

2039-2069, respectively. Yield simulations were conducted in two crop growth models, 

i.e., DSSAT and APSIM, for the major crops, and wheat and rice were used for this study. 

For crop yield simulations, a General Circulation Models (GCMs) with 5 climate models 

and Intercomparison projects (CMIPs) were used. Here, each CSM simulation for each 

analysis was for 5 GCMs. 

For the study, Tradeoff Analysis Model for Multidimensional Impact Assessment (TOA-

MD) version 6 Beta was used. The major crop (wheat and rice) yield simulations and 
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related data for the analysis use were obtained from the project ‘AgMIP-Pakistan’ 

database with permission. 

This study was divided into three main segments. In the first part, a sensitivity analysis of 

current agricultural production systems to CC was undertaken. In this section, only the 

impact of CC on the socio-economic indicators for farmers in the study area was 

measured in the absence of adaptation. In this scenario, system 1 contained the baseline 

climate and technologies; system 2 was composed of a changed climate and the baseline 

technology. The impacts of CC on the mean net returns, / capita income and poverty rate 

in the study area were estimated.  

Next, for the second segment, the isolated roles of climate impacts on future production 

systems were evaluated, which differ from the current production system due to 

agricultural sector developments not directly caused by future CCs. Basically, in this 

scenario, CC was quantified without considering adaptation strategies using RAPs. In this 

scenario, system 1 was the baseline climate and technology, without considering 

adaptation strategies but with global productivity, cost and price trends (or RAPs). 

System 2 was composed of CC and base technology without considering adaptation 

strategies but with RAPs.  

In the third phase of analysis, the benefits of CC adaptation with a proposed adaptation 

strategy in a selected zone were computed. In this scenario, system 1 included CC and 

baseline technology incorporating trends, and system 2 was composed of CC and adapted 

production systems incorporating trends, which may offset or capitalize on the climate 

vulnerabilities identified above. 

The total sampled farm area for each district was 176.5 hectare on average. The average 

wheat farm output was 18,376 kg. For output prices / kg, it was PKR 29. The mean cost 

of production was PKR 338,348 / farm in the study area. The mean net farm return was 

PKR 204,908 / season. For rice, the average production was 18,376 kg / farm with an 

output price of PKR 43 / kg. The mean cost of production was PKR 533,981 / farm. The 

average net farm returns for rice were PKR 257,513.  

In the case of livestock, the average number of cattle reared by the farmers was 5.6 / farm 

with an average milk production of 3,281 litres / farm. The average milk price was PKR 

51 / litre and the average cost of production was PKR 77,587 / farm. The average net 
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farm return was PKR 59,813 / year in the study area. For sorghum and lucerne fodders, 

the average production was 135 tonnes / farm. The average output price was PKR 864 / 

tonne and the average variable cost of production was PKR 73,462 / farm for a cropping 

season. However, the average net returns were PKR 54,189 / farm. In the case of jwar, 

maize and bajra, the average production was 87.3 tonnes / farm. The output price was 

PKR 622 / tonne and the average variable cost of production was PKR 47,249 / farm. 

However, the average net return was PKR 29,032 / farms for a cropping season. 

Impact assessment of CC on current agricultural production systems showed that the 

number of losers ranged from 73 to 85 % in case of first CSM findings i.e. DSSAT and 

from 76.6 to 80 % in APSIM. These findings were for all selected farms. In case of case 

of first CSM findings i.e. DSSAT % profits ranged from 11 to 12.7 % and % losses 

ranged from 22 to 28.3 %. For APSIM, the profits (in the form of %) ranged from 12 to 

13 % and percentage losses from 23 to 25 %. The observed net returns with current 

climate were PKR 0.61 M / farm for both CSM simulations. Under CC, the net returns 

varied from PKR 0.47 to 0.53 M / farm for DSSAT and from PKR 0.51 to 0.52 M / farm 

in APSIM. The observed / capita income with current climate would be approximately 

PKR 62.84 thousand / person / year. Under CC scenario, / capita incomes showed a 

decline and vary between PKR 62.84 to 69.72 thousand / person for DSSAT, and from 

PKR 65.52 to 67.54 thousand / person / year for APSIM, respectively. Observed poverty 

rate, with current climate would be 24.4 %, and under CC, projected poverty rate showed 

an increase. Poverty rates range from 28 to 32 % for DSSAT and from 30 to 32 % for 

APSIM, respectively. 

Impacts assessment for future production systems showed that the number of losers 

would range from 59.5 to 77 % for case of first CSM findings i.e. DSSAT and from 62.1 

to 70 % for APSIM, due to CC. These findings are for all of the selected farms in the 

study area. In DSSAT, % profits ranged from 12 to 13.6 %, and % losses ranged 16.3 to 

23 %. In APSIM, % profits ranged from 12.4 to 13.8 % and % losses ranged from 18.1 to 

19.7 %. The projected net returns, with current climate were PKR 1.31 M / farm for both 

CSM simulations.  



 

 

113 

 

 

 

 

 

Under CC, the net returns changed from PKR 1.11 to 1.25 M / farm in DSSAT and from 

PKR 1.18 to 1.22 M / farm in APSIM. The projected / capita income with current climate 

was estimated to be approximately PKR 117.25 thousand / person for a year. However, 

under CC, it would decline and vary form PKR 101.5 and 112.3 thousand / person / year 

in case of first CSM findings i.e. DSSAT and from PKR 105.26 to 109.4 thousand / 

person / year in APSIM. With current climate, the poverty rate would be 12.8 %, and 

under CC, projected poverty rate ranged from 13.1 to 14.9 % in DSSAT and from 14.3 to 

15.1 % in APSIM. 

The impacts of CC adaptations on the entire Rice-Wheat cropping farm systems in Punjab 

indicated that the percentage of adopters of potential adaptations in DSSAT ranged from 

65 to 71 % and in APSIM from 69 to 76 % representing the overall findings. In DSSAT, 

the projected net returns without considering adaptation strategies ranged from PKR 1.14 

to 1.27 M / farm / year, and by taking the impact of potential adaptation strategies , they 

ranged from PKR 1.34 to 1.48 M / farm / year. In APSIM, the projected net returns 

without considering adaptation strategies ranged from PKR 1.2 to 1.24 M / farm, and by 

taking the impact of potential adaptation strategies , they ranged from PKR 1.44 to 1.54 

M / farm / year. In case of first CSM findings i.e. DSSAT, the projected / capita income 

without considering adaptation strategies ranged from PKR 104 to 114 thousand, and by 

taking the impact of potential adaptation strategies , they ranged from PKR 122 to 132 

thousand / person per year. In the case of APSIM, the projected per capita income without 

considering adaptation strategies will be from PKR 107 to 112 thousand, and by taking 

the impact of potential adaptation strategies , it would range from PKR 128 to 138 

thousand / person / year. Without considering adaptation strategies, poverty would range 

from 13 to 15 % in case of first CSM findings i.e. DSSAT and from 14 to 15 % in 

APSIM. However, by taking the impact of potential adaptation strategies, the poverty rate 

would change from 11 to 13 % in DSSAT and 12 to 13 % in APSIM. 
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5.1 Recommendations 

 Focusing on timely sowing could minimize the effect of increased temperature. Crop 

planting should be completed within an optimum time range. 

 There is a need to identify crops and regions that are more sensitive to climate 

variabilities and relocate them to more suitable areas.   

 In the future, to avoid the harmful effects of CC on agriculture, there is a critical need 

to develop and promote climate-resilient crops. 

 Policies should be developed that ensure protective investments by farmers. 

Consequently, farmers will have the courage to adopt new technologies, i.e., the 

cultivation of new aerobic varieties.  

 To achieve high productivity to meet the needs of a growing population, it will be 

necessary to increase the sowing densities of the crops in the region. 

5.2 Limitations of the Study 
 

The lack of region-specific ex-ante analytical impact assessments of crops and livestock 

creates some difficulties in adjusting the trend factors for different socio-economic 

indicators. Moreover, livestock (milk) was included in the analysis without any modelled 

data (like IMPACT trends). Such modelled estimates could be used for consistency with 

global economic models. 
 

5.3 Way Forward 

 The current study could be extended to alternative RAPs, i.e., the pessimistic 

scenario, and their possible impacts could be analysed. 

 For the sake of better results in the future, the same study could be structured to 

include revised and more RAPs that are not considered here. 

 This study approach could be applied to mixed, cotton-wheat and rain-fed zones for 

impact assessments. 

 Impact assessments of these regions could be quantified by applying and inter-

comparing different RAPs. 

 Determining the impact of adaptations for the prevailing production system by 

applying RAPs for these cropping zones and inter-comparisons of these RAPs could 

also be undertaken. 
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