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ABSTRACT 

Climate change has emerged as a major environmental threat towards the agrarian 

economy of Pakistan with significant pressures on agriculture production abilities, 

ecosystem functioning, availability of water assets and also affecting the economic 

firmness. Increase in atmospheric concentration of greenhouse gases has produced 

significant effects on the climate of our home land in the coming years and this 

would transform our normal climate, leading towards extreme weather happenings. 

The current study traced out the impact of climate change on major crops of 

Pakistan i.e. wheat, rice, maize, sugarcane and cotton by employing Vector Auto 

Regression (VAR) model. Yearly seasonal data (from 1983 to 2013) published by 

the Metrological Department of Pakistan and Agriculture Statistics of Pakistan was 

used. It was revealed that climate change has significant influence on production 

abilities of major crops in Pakistan. Temperature variable has lasting impacts on 

crop production. Average minimum temperature played a positive role towards the 

production of wheat, maize and cotton while reduced the production abilities of 

rice and sugarcane crop. In case of wheat it showed about 17 percent increase in 

production due to minimum temperature and showed about 4 percent increase in 

cotton production. Average maximum temperature also showed positive effects for 

cotton and maize crop and reduced the production abilities of wheat, rice and 

sugarcane crops. Average temperature increased production of cotton and 

sugarcane and lasted negative impacts on wheat, maize and rice. Average 

temperature increase from four to five degree till 2030 brought reduction in maize 

production about 5.8 percent. Rainfall is going to be beneficial for sugarcane crop 
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production. However, it negatively affects wheat, maize and cotton crop. In case of 

rice it has a beneficial impact in initial period. However, in the long run, it has a 

negative impact. Variance decomposition showed that average rainfall has brought 

about 13 percent variations in cotton production hence creating a negative impact 

while in case of sugarcane it only showed about 2 percent variation. Water 

availability significantly added for the entire major crops showing that time 

availability of the water required fairly enhances crop productions. Fertilizer role 

towards crop production were also very positive i.e. timely fertilizer application 

enhanced crop production for all the crops. Augmenting research and development 

policies, public private partnership are the key options to mitigate the harmful 

effects. Introducing heat and drought resistant crop varieties, improvement in 

existing irrigation systems, adjusting timings of cultivation will definitely eliminate 

the catastrophic effects of climate change. 
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Chapter 1 

INTRODUCTION 

 Atmospheric condition persisting for a few numbers of days is termed as 

weather, while the climate refers to the atmospheric conditions which prevail for 

number of years, decades and centuries continuously (Janjua et al., 2011). 

1.1 CLIMATE CHANGE 

 United Nation Framework Convention on Climate Change (UNFCCC) 

declared climate change as a change which is direct or indirect outcome of human 

activities and which has brought changes in composition of the worldwide 

atmosphere and which in addition is observed over comparable time span. Climatic 

changes are the changes in the weather on prolonged basis (Zeb et al., 2013). 

 Climate change has emerged as a major environmental threat for the 

steadiness of our mother home land with significant terrorizations to ecosystem 

functioning, availability of water resources/reservoirs and also affecting the 

economic firmness (CABI, 2010). The process of the climate change highlights the 

changes which are occurring due to natural or anthropogenic activities and these 

changes are extended to elongated period of time (IPCC, 2007). Gases that are 

causative agents of worldwide climate change and global warming are Greenhouse 

Gases (GHGs) which include Carbon Dioxide (CO2),water vapors, Methane (CH4) 

and Nitrous Oxide (NO2). Due to increasing anthropogenic activities, more 

Greenhouse Gases (GHGs) have been produced in last two centuries. The share of 

these gases that ascend from number of industrial activities is rising (Stern, 2007). 
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 CO2 concentration has augmented largely due to the use of fossil fuels, and 

regional deforestation (Fitter et al., 2002). Power generation through organic/fossil 

fuel burning has continuously increased the atmospheric concentration of GHGs 

beyond their natural boundaries amplifying greenhouse effect which in turn has led 

to a rise in the global temperature (Hanif et al., 2010). 

 Svante Arrhenius in 1896 guessed that changes in CO2 concentration in the 

atmosphere might considerably modify earth surface temperature through the 

greenhouse effect. Before industrial turn over, the atmospheric CO2 was steady at 

270 μmol for one thousand years. Concentration of CO2 increased from 280 ppm in 

pre-industrial times to 388.63 ppm in January 2010. Methane has also acted as one 

of the most potent greenhouse gas. Approximately one third of the atmospheric 

methane is produced from natural sources and two third is induced by human 

activities. It is radioactively energetic trace gas which is thirty times more effectual 

than CO2 in trapping heat. NO2 sources are both natural and human related and are 

detached from atmosphere generally by photolysis in the stratosphere. 

Concentration of halocarbons (including hydro fluorocarbons) has also been 

improved from a just about zero preindustrial background concentration, primarily 

due to human activities (Subrahmanyam et al., 2009). Atmospheric CO2 

concentration has been recognized and reported to touch a concentration of 700 

ppm by year 2100 and the quantity will be almost doubled from the current 

intensities (Crimp et al., 2008). 

 It is valuable to understand that specific intensities of GHGs are required to 

sustain the temperature of  earth in order to sustain human and animal life. With 
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and without these GHGs, average earth temperature would stand at a difference of 

stand at 15°C and -18 º C, becoming incompatible for efficient sustainable life 

(Sayed, 2010). 

 Climatic studies researchers of the modern world have agreed upon the 

results that high levels of atmospheric greenhouse gases will wreak momentous 

impacts on the climate of earth in near future, disrupting our climate and increasing 

the incidence of risky weather activities, sea level rise and altering precipitation 

patterns. Socio economic activities will be affected hugely due to these changes 

affecting the well being of people with serious threats in future (Zhai et al., 2009). 

Global temperatures have increased on average by 0.2°C per decade and this 

temperature is expected to rise up to 1.1°C-6.4°C over next century. In reaction to 

the hike in average overall temperature more rains are seen, and are projected to 

continue for the coming years with an unpredictable distribution. Due to these 

changes, reduction of yields from arid land agriculture has been observed by fifty 

percent (IPCC, 2007). 

 The event of climate change is being felt globally in the form of variations 

in temperature and rainfall configuration. Concentration of GHGs has been 

augmented extensively, warming the climate system globally by 0.74°C from 1906 

and 2005. Sea level has raised an average rate of 1.8 mm per year from 1961 to 

2003(IPCC, 2007 b). 

 Agriculture sector discharges a major volume of greenhouse gases (GHG) 

into the atmosphere. Asia and the Pacific accounts for 37 percent of the world’s 

total emissions from agriculture sector while China alone, is responsible for more 

than 18 percent of the total discharge (ADB, 2009). 
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1.2 EFFECT OF CLIMATIC STRESS ON AGRICULTURE SECTOR 

 Production of agriculture crops is largely affected by the anticipated 

variations in climate and atmospheric concentration of CO2. Rise in CO2 

concentration alone positively contributes to the plant photosynthesis process 

which in turn increases yielding abilities. But the predicted change in temperature 

and precipitation upsets crop yields, by speeding up plant growth process, and by 

varying the water and nutrient mix, and also intensifying plant stress (Tubiello et 

al., 2000). 

 Climate change affects in three ways to the crop sector. Firstly, soil 

moisture is altered due to change in temperature and rainfall. Secondly, 

temperature has a direct effect on yield. Different crops require different optimal 

growing conditions, so a slight increase in temperature damages the production 

levels of those crops which are vulnerable under some given conditions. Thirdly, 

increasing level of CO2 concentration enhances growth of certain crops (Houghton, 

2001). Efficient agricultural growth can be attained with increasing input uses 

which will lead to a positive shift in productivity (Collins & Bosworth, 1997).  

 Constituents of agriculture output consist of labor, water, land, pesticide 

and fertilizer consumption which are considered as energetic physical inputs that 

are being engaged in production process while the second linking component is the 

productivity increase. Productivity growth must be measured as essential condition 

or even a pre condition for economic growth having an impact on rural incomes, 

raising them and promoting welfare and in turn provides efficient food security 

(Sayed, 2010). 
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 Rate of droughts as well as substantial precipitation events over many 

regions of the world have increased over time. Cold days and nights along with 

cold events have become less recurrent. On the other hand warm days and nights 

and heat waves have been repeated more. For South Asia the projection of 0.5 to 

1.2°C rise in temperature by 2020, 0.88 to 3.16°C by 2050 and 1.56 to 5.44°C by 

2080, depending on the future development scenario have been suggested 

(WWF,2010). 

1.3 CLIMATE CHANGE AND WORLD AGRICULTURE 

 Agriculture undeniably has been one of the oldest economic activities in all 

over the world and is considered not only the spine of food grain supply but also 

source of raw material to production sector. World population is anticipated to 

grow from 6.7 billion to 9 billion by the year 2050. South Asia and sub-Saharan 

Africa are the regions where these numbers will increase at a more rapid rate. 

While establishing the relationship between the changes in the composition and 

level of consumption with ascending household incomes evaluations indicated that 

serving the world populace will need a seventy percent increase in total agricultural 

production (Bruinsma, 2009). 

 Agriculture activities are sensitive to short term variations in weather and 

also sensitive to longer term variations in climate. Agriculture and climate changes 

linkages are vital to evaluate because of the pressure exerted by ever increasing 

population on demand of Agriculture commodities. Agricultural crops are 

supposed to be affected by these changes in climate and atmosphere. Wild and 

uncontrolled temperature and rainfall changes will affect crop yields, by hastening 
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plant development, and by altering the water and nutrient budget in the fields, and 

modifying plant stress (Lansigan et al., 2007).  

1.4 DEVELOPING ECONOMIES ARE MORE SUSCEPTIBLE TO 

CLIMATE CHANGE 

 Overall effects of climate change will not be even across the world. 

Developed nations will be less affected by climate change whereas the developing 

countries are at more risk to climate change. developing nations have put fewer 

efforts to evaluate scientifically the causes and effects of this change. 

Consequences of climate change on the agriculture sector of developing countries 

have remained blurred (Gbitibou et al., 2005). Less developed countries are 

vulnerable to climate change as they lack latest technology, efficient resource and 

institutions (Kurukulasuriya & Rosenthal, 2003). In low income countries, crop 

yields are hampered by the changing temperature and rainfall levels, due to low 

adoptive measures. This vulnerability has been due to the disturbing effects of 

recent floods and also due to the undefined and extended spells of droughts 

particularly in the twentieth century (Yesuf et al., 2008). Temperature, rain, 

humidity, sunlight are the important climatic components that impact agriculture 

cropping production. Agriculture of the developing countries engages plenty of 

workforces contributing around a quarter of GDP of the world. For this reason 

these countries are highly exposed to climatic change because agriculture is mainly 

dependent on the climate (WB, 2009 &2010). Confined agriculture dependents 

which are the low income seekers are mostly exposed to under nourishment and 

severe suffering because these populations are already food deficient and slenderest 

reductions in production would cross the margins of ample food availability. 
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Negative effects will blossom in dry land production systems, specifically for those 

relying on rain fed, non-irrigated atmosphere. Countries which are having a huge 

share of agriculture in GDP are at higher risk of disrupted economic development 

due to the climatic changes (IFPRI, 2010). 

 For the next few years the problem of food security will arise as the 

agriculture production is forecast to decline. It will cause severe food problems for 

the people living in developing or underdeveloped country (Valenzuela & 

Anderson, 2011). 

 Climate change can affect both stability and productivity of agriculture 

sector. Regions where agricultural productivity is already low and the means of 

coping with adverse events are inadequate, climate change could limit food 

production making production more unpredictable (Stern Review 2006; Cline 

2007; IPCC 2007). 

 Europe is also facing climate change impacts. During the last decade, 

temperatures have increased with increase in rainfall patterns in Northern Europe 

but a decreased amount of precipitation in Southern and Eastern Europe (Olesan et 

al., 2011). A report of IPCC has forecasted warmer winters in the northern region 

of the Europe and North America due to ever increasing global warming which will 

adversely affect the tourist activities (ADB, 2007). 

Crop yield in a number of areas in Africa could experience extreme losses 

due to warming above the present levels (Kulukulasuriya& Mendelsohn, 2008). 

Rainfall effects on South African agriculture were positive. Early summer and 

winter precipitation were useful in South Africa (Benhin, 2008). Bhutan’s 

agriculture dependence on monsoon and temperature change pattern is vital to 
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evaluate because the evidences of climatic change in Bhutan are mostly extreme. In 

coming years marginal changes in weather extremes are anticipated to bring food 

production losses to this sector in coming years.  Effects of these adverse factors 

are concentrated on agriculture production and food security (UNEP, 2009). 

 Agriculture sector of India has also experienced effects of climatic changes. 

Many studies have shown that increase in temperature would increase the rice yield 

but would reduce wheat yields (Guiteras, 2007).  

 Steady warming trends and intense weather events have been observed 

across Asia and the Pacific in recent years. Temperatures in these regions are 

forecast to become hotter. However rainfall patterns and amounts are changing 

with great uncertainties and as a result of these uncertainties the region is expected 

to get more wetter except Central Asia. Rains are more substantial during damp 

periods; chances of floods have increased, while dry seasons will get drier. 

Developing countries of Asia and the Pacific are in cards to face the highest 

declines in agricultural potential. Climate change has placed additional pains to 

meet long term development objectives in Asia. Warmer, drier and more of these 

repeated and intense extreme weather events have condensed the share of 

agriculture towards the GDP of no. of economies in Asia, mostly in South and 

Southeast Asia. Declining share of GDP has put forwarded more pressure on local 

farmers of low land holding which is leading towards increased poverty. Economic 

losses have increased in these regions as a result of these extreme and uncontrolled 

changes in weather. Forecasts showed that agriculture systems in many exposed 
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sub regions in Asia and the Pacific will undergo climate change, particularly in 

South Asia (ADB, 2009). 

 South Asia will be facing severe impacts due to climate change. By 2050 it 

would lose 50 percent of its wheat productivity. Temperatures are predicted to rise 

by 3 degrees by 2040 and up to 5-6 degrees by the end of the century. Monsoon 

rains will be drastically reduced but will have a much higher intensity. Droughts 

and floods are predicted for the whole of South Asia (MoE, 2009). 

1.5 PROFILING AGRICULTURE AND CLIMATE CHANGE 

LINKAGES ACROSS ASIA 

 Agriculture undoubtedly can be declared as the most important profession 

for the residents of the countries of Asia and the Pacific engaging the 60 percent of 

the population and their dependents. 2.2 billion Peoples rely on this sector for their 

sustenance. This is the sector for large populations of rural areas which depends on 

agriculture directly or indirectly for occupation and earnings (ADB, 2009). Climate 

change is having multi layered impressions on the countries of Asia. Region is 

getting warmer with increasing degree of variability mainly depending on latitude. 

Generally areas in the north will be exposed to more warming than those at lower 

latitudes. Littoral areas of South and Southeast Asia and some of the China’s 

regions will face the multiple vulnerabilities due to the changes in precipitation, 

temperature, and rising sea levels. The cooler regions which are the northern parts 

of the Asia are probable to become warm and will experience lengthy crop growing 

seasons. Countries like Pakistan, India, Nepal and Bangladesh are extremely 

vulnerable due to disappearing of the Himalayan glaciers at a fast pace, which 

would increase the possibility of life threatening water flows bringing heavy 
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floods, losses to lives, livestock, crops and infrastructural facilities. Climate change 

will not only distraught the agricultural sector but other sectors such as health, 

forests, energy, coastal area, biodiversity and ecology will also be suppressed 

severely (Hanif et al., 2010). A country highly vulnerable to climate change 

includes Bhutan, Indonesia, Pakistan, Papua New Guinea, PRC, Sri Lanka, 

Thailand, Timor-Leste, Uzbekistan, and Vietnam (ADB, 2009). 

 Temperature rise is expected in the arid areas of northern Pakistan, India 

and western China. There is increase in rainfall during the summer monsoon. 

Winter rainfall is likely to be reduced in South and Southeast Asia which will 

become a factor responsible for aridity in the region. Majority of 500 million rural 

poor in Asia are farmers that occupy rain fed lands. Production of rice, maize and 

wheat in the past few decades has gone down due to ever increasing water stress 

arising mainly from temperature rise. This increase in temperature has raised sea 

levels which will produce floods threatening the living of millions of people 

residing in South and South East Asia such as Vietnam, Bangladesh and India. 

Repeated and extended dry periods due to climatic changes will also produce 

desertification in the regions (UNFCCC, 2007). 

 Bangladesh agriculture poses serious threats due to climate sensitivities 

showing negative impacts of climate change on agriculture activities affecting 

grain production in hundred tons. Sea level rise, increased floods and strong 

monsoon has affected agriculture production tremendously (WB, 2006). 

1.6 PAKISTAN’S AGRICULTURE AND CLIMATE CHANGE 

SCENARIOS 
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  Agriculture contribution towards to the growth of the Gross 

Domestic Product (GDP) is recorded four times more than that of other sectors 

(Jones and Thornton, 2009). Its role is vital in the progression of Pakistan 

economy. It lean towards a contribution of 21.4 percent to the country's Gross 

Domestic Product (GDP) and engages and creates employment opportunities for 

approximately 40 percent of the total country's labour force. Approximately 45 

percent of the country’s labour, seeks employment from this sector. 

 Wheat and rice are the two staple food crops of Pakistan. Pakistan 

geographical distribution has increased the agriculture sector vulnerability to 

climatic changes which registered a significant increase in net losses. In an effort to 

combat climate change, heat resistance varieties are introduced. Cultivable land is 

increased to enhance the production, the irrigation system and water conservation 

practices have also been amended (Janjua et al, 2011). Shortening the length of 

growing period, losses in crop yield, change in river flow, increased evapo 

transpiration, land degradation and extreme climatic events are some of the effects 

that are traced due to the climatic variances (Iqbal et al., 2009). 

 Total cultivable area in Pakistan is about 38 percent and currently we are 

utilizing only 26 percent while the remaining is uncultivated due to the shortage of 

resources required for running agriculture activities i.e. water, aridity and water 

salinity problems (Chandio and Anwar, 2009). 

 Pakistan’s agriculture sector comprises of major crops like rice, cotton, 

wheat, sugarcane and maize and minor crops like masoor, mung, mash, potato, 

onion and chilies. Two central crop seasons of Pakistan are the Kharif and Rabi 

seasons. In Kharif season, seeding begins in April-June and harvesting begins in 
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October to onwards. Rabi Season activates in October-December and harvesting is 

done in April-May. Kharif crops includes Rice, sugarcane, cotton, maize, mung, 

mash, bajra and jowar while wheat, gram, lentil (masoor), tobacco, rapeseed, barley 

and mustard are Rabi crops (Sethi, 2002). 

Nine agro-climatic zones of Pakistan include the Rice/Wheat Punjab, 

Mixed Punjab, Cotton/Wheat Punjab, Low Intensity Punjab, Barani Punjab, 

Cotton/Wheat Sindh, Rice Other Sindh, Other N.W.F.P (now Khyber 

Pakhtunkhwa) and Other Balochistan. The districts in different provinces are then 

further distributed according to above mentioned zones. The Rice/Wheat zone of 

Punjab includes the districts of Lahore, Sheikhupura, Sialkot, Gujrat, Gujranwala, 

Narowal, MandiBahauddin, Kasur and Hafizabad. Similarly, Rice Other Sindh 

zone includes the districts of Jacobabad, Larkana, Dadu, Thatta, Badin, Shikarpur 

and Karachi ( Amjad et al., 2008 ). 

Four major crops (wheat, rice, cotton, and sugarcane) on average, 

contribute 29 percent to the value added in overall agriculture and 6.0 percent to 

GDP. Wheat (Triticum Aestivum ) is a major grain crop and occupies a pivotal 

position in the economy of country. In Pakistan 68 percent area entirely depends on 

rainfall for growth of crops and average yield of wheat is lower than actual 

potential yield. This low yield in rain fed areas may be attributed to genetic 

variability, climatic conditions and other factors of cultural practices. Many 

agronomic factors play a vital role in improving crop yields. These include land 

preparation, moisture conservation, improved varieties, weed control and seed 

quality etc but role of manure cannot be denied at any stage of plant growth. 

Balanced application of NPK plays a vital role in development, production and 
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quality of wheat yield. Wheat is the major grain food for people of Pakistan but 

through the last few years, wheat production is affected by factors like shortage of 

water or shortage of irrigation water, normal famine conditions and increase in the 

prices of input, low yields, old methods of farming, increase in input prices, 

shortage of superior inputs and less use of new technology.  Pakistan observed rise 

and fall in wheat production and there is also a negative relationship between wheat 

productivity and flour prices (Falak & Eatzaz, 2006). 

Maize (Zea mays) is also known as corn. Corn is the chief yielding crop in 

the world. Being third most significant cereal crop, maize has a major value in a 

country like Pakistan where a population is growing fast. Total cropped area for 

maize is 4.8 percent and its added value of agriculture output is 3.8 percent. The 

total planted area of maize in Pakistan is 0.9 million hectares and total production 

of maize is 1.31 million tones. 97 percent of maize produce is coming from two 

provinces of Pakistan. KPK accounts for 58 percent of total area and 68 percent of 

overall production and Punjab contributes 38 percent land and 30 percent of 

production. Sind and Baluchistan provinces contribution is 2 to 3 percent (GoP, 

2012). Maize is used in number of industrial ways besides used as food and feed 

supplies. In Pakistan maize production is relatively low, the main reason for low 

production is cultivation of low yielding varieties and indigenous method of 

cultivation and also use of maize as a fodder crop. The yield of maize can be 

improved by using new technologies, improved varieties and by adapting new 

techniques (Sharif et al., 1980). 

Cotton crop appreciably provides raw material to the textile industry, such 

as cotton lint as an export item. It accounts 7 percent of value added in agriculture 
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and 1.5 percent of GDP. During 2012-13, crop sown area was 2.879 million 

hectares which is 1.6 percent greater than last year .The production was 13.0 

million bales during the period 2012-13 while the target was 14.5 million bales, 

encountering a decline of 10.3 percent against the target and decrease of 4.2 

percent over the preceding year production which was 13.6 million bales.  

Rice is also an important cash crop of the country earning a major source of 

foreign exchange earnings in recent years. High quality rice is grown to fulfill the 

domestic demand and also for exports. Production comprises 40 percent of Basmati 

type and 60 percent of coarse types accounting 2.7 percent of the value added in 

agriculture and 0.6 percent of GDP. Production was 5.541 million tons, against the 

target of 6.9 million tons which shows a weak performance of 19.7 percent. The 

production losses were experienced due to monsoon rains and late receding of 

water period in rice fields, which prolonged the sowing activities (GoP, 2013). 

Many important grain crops i.e. wheat, oats, corns etc have lower yields 

when summer temperature rises because the plant developmental cycle speed up 

and time span of grain filling is condensed. Farmers will have to adopt available 

long growing season varieties because availability and marketing of new varieties 

is always a problem (Mitchell et al., 1993). 

1.7 AGRICULTURE SECTOR PERFORMANCE OF PAKISTAN 

 Agriculture sector performance over the years has been patchy. Growth rate 

of 1950s was the lowest at a proportion of 1.8 percent. Green Revolution helped to 

encounter growth rate of 5.2 percent in 1960s touching the crown. But growth rate 

again fell to only 2.4 percent in 70s, due to unproductive execution. 1980s 

appropriate growth of 5.4 percent was appreciated. 1990s onwards to 2000 s the 
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growth rate has relentlessly released to 3.2 percent in 2000(see Appendix-II). 

Agriculture sector share in GDP weakened incessantly over the years from 47.7 

percent in 1960’s to 22.1 percent in 2000’s. 

 

1.8 GROWTH TREND OF MAJOR AND MINOR CROPS OF 

PAKISTAN OVER THE YEARS 

The growth performance of Major and Minor crops through  thirty years 

has been unsettled, rate being high in 1980-85 of 6.4 percent then decreasing 

between 1985 to 1995 to 3.2 and 3.1. Major crops witnessed a proper growth of 

5.06 Percent for period of 1995-2000 (see Appendix-II). In 2005-2010 the major 

crops growth was recorded lowest at 0.5 percent. Minor crops growth rate has 

somewhat similar trend of improvement as that of the major crops. Starting from 

3.5 percent in 1980-85 to 5.87 percent in 1990-95, 1995 to 2010 time period 

perceived slow growth. Decline in growth of Minor crops of 0.48 percent in 2000-

05 was observed. Although the growth rate rose to 1.1 percent in 2005-2010 but 

recovery was very slow. 

 Major and Minor crops production growth have assisted less with 0.5 

percent growth in Major crops and 1.1% growth in Minor crops. Gram production 

also has decreased to 291 thousand tons in 2011-12, from 496 thousand tons in 

2010-11 showing a decrease of 41.3 percent.  Maize production has greater than 

before to 4,271 thousand tons in 2011-12 from 3,707 thousand tons in 2010-11, 

showing a hike of 15.2 percent. Minor crops, like mung and potatoes have 

increased by 22.0 percent and 17.5 percent, respectively from their previous years 

productions whereas the production of chilies, onion and masoor have significantly 
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reduced  by 78.3 percent, 15.4 percent and 12.8 percent, respectively. These all 

stats present a non-reliable trend in different crop production over the years. 

Pakistan is positioned in the sub-tropical region where the climate is very 

moderate. In order to get the finest production of different crops, seasons play a 

very vital role. Wheat is undoubtedly the single most major essential crop of 

Pakistan. Temperature increase will affect the growth period for wheat crop so in 

response the time of sowing of wheat crop should be adjusted (Janjua et al., 2010). 

Globally Pakistan is ranked 135th in per capita GHG emissions (GoP, 2010). 

 Climate change has upraised thoughtful worries for developing nations and 

Pakistan is not unaccompanied to face incredible societal, ecological and economic 

impacts. Pakistan faced the worst floods in month of July and August 2010 due to 

heavy monsoon rains. According to estimates 20 million people were affected, and 

1, 60,000 square kilometre land was flooded. Impacts can be traced very clearly on 

agriculture sector due to climate change because of its close linkages to food 

security and poverty of a major portion of the population of Pakistan (Sayed, 

2010). 

 Recognizing that Pakistan is facing many environmental problems and 

climate studies have indicated that Pakistan’s agriculture is exposed to climate 

change and this sector which is the main back bone of the running economy is also 

under the threat of unexpected climatic changes. These changes have produced 

randomness in the earning abilities of the crop producer which has lessened his 

profit sharing. Rural poverty has increased due to these distorting changes in 

weather conditions. The current study, however aims at answering questions like, 

are there alterations in the climatic parameter of Pakistan? How are production 
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abilities of different major crops of Pakistan affected over the time and what are  

risk associated with  changes in environmental variables mainly temperature and 

rainfall on production abilities of different major crops. 

 Climate is changing globally, showing its physical impacts everywhere; 

there is dire need to visualize the impact of these changes on agriculture sector of 

Pakistan. Major crops i.e. wheat, maize, rice, sugarcane and cotton of the country 

are targeted in this study. These all major crops hold a vital importance towards 

foreign exchange earnings for the country. Climatic variables like temperature and 

rainfall along with other socio economic variables will be the core variables under 

study. 

1.9 NEED OF THE STUDY 

There are varieties of challenging questions which need to be addressed 

empirically. The viable answers of the questions raised would impart appropriate 

development policies. This study will quantify whether climate changes are 

harmful or beneficial for the major crops in the country? Additionally what are the 

individual impacts of temperature and rainfall on major crops production 

capabilities? It is always imperative to look for the alternative adaptation measure 

for maintaining resilience in the agrarian economy. We need to explore what works 

and what does not work in enhancing with crop productivity under changing 

climatic scenarios? In context of agricultural impacts, it is necessary to design and 

evaluate different adaptive measures to manage the climatic response? Some of 

these serious issues are being addressed in this research endeavor. 
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OBJECTIVES OF THE STUDY: 

Keeping the challenging research questions in view some of the objectives of this 

study are stated here under:  

 To estimate the effect of climatic variables like temperature and rainfall on 

major crops production of Pakistan using an empirical approach. 

  To project how climate change will affect crop production in future under   

different climate change scenarios. 

 To explain the role of descriptive variables on production of different major 

crops of Pakistan. 

  To evaluate important alternative policy actions to alleviate the likely 

impact of climate change on production abilities of major crops. 
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Chapter 2 

REVIEW OF LITERATURE 

 

This section will highlight some valuable research work on climate change 

that has been carried out hitherto. The scrutiny of previous literature will provide a 

better comprehension of the concern of this research endeavor. 

2.1 EFFECT OF CLIMATE CHANGE ON AGRICULTURE IN 

PAKISTAN 

Future trends of climate change towards wheat production in Pakistan were 

analyzed by employing a VAR model technique and collecting a data of about fifty 

years. Estimations showed that global climate change will heavily influence the 

wheat production. It was suggested that in order to meet the domestic demand for 

wheat due to ever increasing population, wheat production levels should be 

improved which will also enhance our foreign exchange revenues. Coping with 

climate change will require some efficient policies and strategies. Heat resistant 

varieties, more arable land, water conservation techniques and maintained 

irrigation system will curtail climate change impacts and will be a way ahead 

towards a positive trend in wheat production (Janjua et al., 2011). Impact of 

climate change on production of wheat in mixed cropping system of Punjab, 

Pakistan was investigated. Ordinary least square (OLS) technique was used to 

quantify the climate change impacts with climatic and socio economic variables 

incorporated. Results showed that climatic variables have significant impact on 

production of wheat as compared to socio economic variables which have minor 

effects. While determining the most responsive variables, rainfall was found to be a 
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significant variable indicating that a slight increase in rain fall will affect wheat 

production positively. Increase in mean minimum temperature at sowing stage will 

increase the production capacity while production losses were observed when mean 

maximum temperature increased at mature stages. Initiating new policies to fulfill 

hunger needs amidst adverse climate changes will safeguard future generation from 

food insecurity (Asfaq et al,. 2011). Important linkages between climate change 

and agriculture crop production were examined. Granger causality test analysis and 

descriptive statistics were the analytical tools used along with a time series data 

from 1987 to onwards. Crop output trends were analyzed in context of climatic 

changes. Main finding of the study was the relatively constant impact of 

temperature on crop production stating that temperature does not have significant 

effect on agriculture output. Granger test verified that rainfall is causing change in 

agriculture production in Nigeria with gains in net production and provided a 

pretext for policy makers to increase the amount of irrigation required for efficient 

production abilities (Ayinde, 2010). In order to make agriculture sector of Pakistan 

a profitable and sustained sector, impact of climate change were quantified by 

using fixed effect panel model for eleven districts of the Punjab province of the 

Pakistan. Time prospect from 1970-2009 has been valued with GLS panel 

regression. Result revealed that Rain in Rabi season has major negative 

relationship. Mean minimum temperature has substantial negative and mean 

maximum Rabi temperature has major positive relationship with land prices.  

Results pointed out that decrease in Rabi rain together with an increase in 

maximum Rabi temperature will be apt to increase the land prices. Socio economic 

variables like Population density and per capita income have a positive bond with 
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land prices. In Rabi season, an increase in rainfall of one mm will decrease 

agricultural land price on an average by Pak Rs. 860 per acre and also an increase 

in maximum temperature by 10C will increase agricultural land price, on an 

average, by Rs. 25208.66 per acre (Hanif et al., 2010). Vulnerability of four major 

crops of Punjab Pakistan to climatic changes was studied by using Fixed Effect 

Model (FEM). The study used the scientific information on the development stages 

of single crop in order to judge the impact of climate change on each stage of the 

crops. Both short and long run susceptibilities were found to be showing that in the 

short run the increase in temperature is anticipated to upset the wheat productivity 

while long term effects are positive. Rainfall was found to have destructive impact 

in both short and long term. Temperature increase was found valuable for rice 

production initially but when temperature goes after a certain optimal temperature 

the increase becomes harmful for rice production. Precipitation effects for rice crop 

were found negative. Finally, the increase in temperature also harms the sugarcane 

productivity in long term. Crop to crop impacts are found to be varying (Siddiqui et 

al., 2012). Climate change brought negative effects on the agriculture of Nari 

Panos Bala in the District Karak. Well-thought-out interviews were scheduled to 

examine the reactions of farmers towards climatic change impact on agriculture. 

Sample sizes of 100 respondents were selected. Increase in temperature caused 

serious damages to the fertility of the soils. 94 percent farmers responded that 

climate change is affecting the agriculture produce negatively. Storm intensity also 

increases due to climate change which leads to loss of land fertility. 82 percent of 

the respondents agreed with the fact that changes in rainfall patterns are becoming 

a solid reason towards the shifting of sowing time and dates. Rainfall pattern has 
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resulted in a severe weather thereby producing crop failures and vulnerabilities. 

Shifting crops, planting dates, use of irrigation and fertilizers are necessary actions 

to alleviate the alarming effects (Zeb, 2013). Climatic aberrations are occurring in 

Pakistan across the whole country. Investigation of historical metrological factors 

depicted the changing nature of climate. The rate and nature of the climate change 

impacts will fluctuate over time and across the country. Former record and 

forecasts by GCMs and RCMs described that extreme events would turn out to be 

more recurrent and of greater scale in different parts. Anticipated climate 

deviations in the area include intensification in earth temperature, sea level rise and 

increase in the extent and rate of extreme rainfall events. Agricultural efficiency is 

expected to debilitate intensively due to high temperature severe drought and flood 

conditions. Improved forecasting systems for accurate projection of regional 

climate change and its changeability must be developed Farooqi et al., (2005). In a 

recent study, Ricardian approach was used for wheat crop of Barani areas of 

Punjab in Pakistan. The cross sectional data of farm inputs and outputs revealed 

that the increasing temperature has negative while increasing rainfall has positive 

impact on net farm revenues as well as on crop production. But the overall 

beneficial impact of increasing level of rainfall cannot cope with increasing levels 

of temperature. With all these climatic concerns, which may also increase in the 

recent future, mitigation techniques are suggested including, changing cropping 

pattern, new and innovative irrigating methods with minimum loss of water during 

irrigation operation and new methods of crop farming Shakoor et al., (2011). 

Climatic and economic variables also affected the rice productivity in wheat-rice 

zone badly. OLS was the econometric technique used to evaluate the impacts. 



23 
 

Study concluded that proper water availability has enhanced yield of rice crop 

substantially because of rice being water crop. Temperature and rainfall during its 

growing period showed a significant influence on crop nourishment (Mahmood, 

2010). Impact of climate change on wheat crop of Pakistan was also reviewed 

through a Vector Autoregressive Modelling. Impulse Response Function and 

Variance Decomposition provided the detailed results of the examination. Rising 

temperature led towards a greater reduction in output as the variation in the wheat 

productivity was brought predominantly by temperature variations which was 25 

percent in the tenth period described through the variance decomposition technique 

and which also  indicated that changes in climate is most likely to have a 

significant impact on wheat productivity. Results showed that an increase in the 

temperature of 1oC results in a 0.6 kg/hectare reduction in the wheat production. 

CO2 emission has significant positive impact on wheat production. The economic 

assessment measured by regressing the yield (kg/hectare) on climatic and non-

climatic variables which were taken as a proxy variable for the net revenue 

declared strong reduction in yields kg/hectare as the temperature goes on increasing 

( Mahmood & Khalil, 2013).  

2.2 SUSCEPTIBILITY OF INDIAN AGRICULTURE TO CLIMATE 

CHANGE 

 Impact of climate change on food grain produces in India, specifically rice 

and millets are critical to evaluate. A crop-specific agricultural production function 

was used with exogenous climate variables, viz., precipitation and temperature and 

regulating for key inputs such as irrigation, fertilizer and labour. District level 

analysis was undertaken using a panel dataset for physical yield for the period 
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1966-99. Major impacts of climate change (temperature and precipitation) on 

Indian agriculture were detected. Higher rainfall resulted in increased yields of rice, 

pearl millet and sorghum crop while higher temperatures resulted in decline of 

yield. The quadratic variable in case of rainfall were found to be significantly 

negative meant that higher rainfall leads to higher yield, but at a declining rate. 

Irrigation, fertilizer consumption and labour impacted the yields positively and 

significantly (Gupta et al., 2012). Like previous studies, rice and millet crops 

encountered to be affected by climatic stresses. Similarly, Cotton Yield of Three 

Districts in Marathwada (Maharashtra), India are also vulnerable to climate change 

variables i.e. temperature, rainfall and humidity. These three districts of 

Marathwada, Aurangabad, Beed and Jalna showed stimulus for the cotton crop. A 

Cob- Douglas function was econometrically estimated through multiple linear 

regressions used for analysis purpose. Critical investigation yielded the result that 

cotton crop is entirely dependent on rainfall followed by temperature maximum 

and relative humidity minimum. The result indicated that climatic variables like 

temperature (Minimum, Maximum); humidity (Minimum & Maximum) have 

positive impact on yield, whereas the wind Velocity and rainfall has deleterious 

impact on produce. The Supreme influence in the difference of cotton 

yield was witnessed by the rainfall which was 50.82 percent trailed by Relative Hu

midity maximum share of 25.59 percent and Temperature minimum about 

3.04 percent (Ahmed & Joshi, 2013). Farmers of rain fed areas of Dharwad district 

in Karnataka are worried by these disastrous changes in climate. Where the Rain 

fed areas are highly vulnerable to frequent droughts as well as other climate 

factors. A multi-stage random sampling design was engaged for the selection of the 
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sample respondents constituting of 250 respondents. Questionnaire study was 

designed to evaluate the response of farmers regarding the climatic effect on 

agriculture. About 86.67 per cent of the sample respondents expressed that their net 

income was reduced over the years while 83.33 per cent of the farmers reported a 

change in climate and rainfall patterns. 76.67 per cent farmers expressed reduction 

in yield. 54.44 per cent of the respondents expressed that the seasonal pattern is 

changing. Almost all of the small farmer’s community and 92.22 per cent of the 

sample farmers told that the decline in the rainfall was the chief reason for low 

yield levels (Asha et al., 2012). Importance of climatic variations on production 

abilities of Indian agriculture systems especially farmers with small land holdings 

are critical to evaluate. Large numbers of growing agriculture based economies are 

located in the Asian regions which exhibited a strong GDP growth rate over the last 

decade. Another study focused on climatic variability effects on farmers with small 

land holdings using econometric Bio-Model. Input variables like labor and 

fertilizer were treated as explanatory variables and climate related variables mean 

temperature and rain fall were incorporated in the model. Results indicated that 

increase in Climate related variables alone was significant and increase in 

temperature decreases the productivity of crops. However rain fall at appropriate 

time and in proper amounts affected positively. Human Labor and fertilizer used 

also showed a positive impact (Kaul, 2007). Climate change impacts are harmful 

for India from long run to the medium run. Study on climate change scenario for 

Indian agriculture shows that yield of the sector will shrink by 4.5 percent to 9 

percent in medium run that will be between 2010 and 2039, while this reduction in 

yield may go up-to 40 percent in the long run. The farm input is also affected by 
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the climate change. 1oC increase in the mean temperature will reduce the fertilizer 

use by 4.5 percent. The wages of labor are reduced by 2 percent for every 1oC 

increase in the temperature. India being a weak economy  with limited information 

and capital resources, must initiate such development projects to enable the farmers 

of the country to have knowledge about climate change and its resulting impacts on 

the agriculture produce so to have a sustained economic development in the 

country (Guiteras, 2007). Like cotton millet and rice Indian oilseed crops are also 

encountering climatic effects. Info Crop, a generic dynamic crop model was used 

to capture phenology, crop growth and yield of mustard crop. Crop was found to be 

sensitive to changes in carbon dioxide (CO2) and temperature. Result confirmed the 

adverse impacts of future anticipated climate change on mustard growth and yield. 

Negative impact on India’s mustard farming will be observed from 2020, through 

2050 till 2080. Yields are likely to reduce in both irrigated and rain fed conditions 

when analyzed through different climate change scenarios. Spatial variation was 

noted in different mustard growing regions of both irrigated and rain fed 

conditions. Late sowing and growing long-duration varieties would be a useful 

defense against yield loss of irrigated mustard in different locations of the country 

(Boomiraj et al., 2010). Impact of climatic variables such as rainfall and 

temperature and also the effect of fertilizer and labor inputs are traced on rice and 

Jawar crop productivity in state of Orissa and Karnataka of India. Least square 

technique was used to estimate climatic change impact along with other agriculture 

purchased input variables. The study divulged that excessive rains and extreme 

variation in temperature would affect the productivity negatively thus affecting the 

incomes of farming families in a negative manner also. Marginal and small farmers 
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lack resources required for adjustment for climatic variations and are under the 

weight of climate change. Drought resistant varieties of crops, efficient and 

conservative irrigation networks, and crop mix are approvals for vindicating the 

destructive effects of climatic changes (Sushila, 2009). Increase of 2°C temperature 

captured 10 to 16 percent reduction in yields of rice, while a 4°C rise showed a 

reduction of 21 to 30 percent in North, West and Eastern regions of India. Mean 

yield of rice crop was more in eastern region due to relatively higher temperatures 

during both grain formation and filling phase. As a result these crops had relatively 

fewer grains and shorter grain filling duration (Aggarwal & Mall, 2002). Indian 

climatic sensitivities are escalating which are endowing with a strong evidence for 

weakened agriculture productions. Spatial autocorrelation was encountered as a 

result of spatial clusters of data. The positive spatial effects were found due to 

numerous communication channels. Farmer communication with other farmers of 

others different areas lead to a spatial dependence. The model coefficients were 

significantly low for spatial autocorrelation model then that without spatial 

autocorrelation (Kumar, 2009). In another study, Info crop model was worked to 

gauge the impacts of climate change on wheat and maize. Consequential rise in 

temperature damaged wheat crop. Maize crop encountered increasing trends as a 

result of increasing temperatures in winters. Augmented CO2 levels were found 

helpless to counter balance the fall wheat yield while elevated level of CO2 in maiz

e crop enhanced its productions. Crops encountered a decrease in growing periods a

s a result of higher temperatures. Increase in maize cultivation in locations with 

poor wheat yield could be considered as an adaptation option (Vahab et al., 2013). 
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2.3 EFFECT OF CLIMATE CHANGE ON AGRICULTURE IN ASIA AS 

A CREW 

 Agrarian manufacturing industries in thirteen Asian countries are 

vulnerable to climatic irregularities.  Fixed effect (FE) panel model for agricultural 

production was used for the time period of 1998 to 2007 and cross section units of 

thirteen Asian countries over the time range along with encountering the seasonal 

climate variables and other input variables. South and south East Asia is going to 

bear losses in result of increased temperature in fall seasons. Temperature increase 

and precipitation during the summer season will increase agriculture productivity 

in tropical Asian countries. Being the major rice producer of the world, Asia is 

facing threats of increased temperature which will lead to low production of rice 

with deficient water available and in return the agriculture products prices will 

clearly shoot up extraordinarily (Lee et al., 2012). Bangladesh crop sector also 

showed vulnerability to climatic dynamics especially the rice crop. DSSAT model 

was employed to witness the possible effects of climate change on Boro rice yield 

in Bangladesh. Maximum temperature has drastically reduced rice yields at all 

selected rice grown locations. Minimum temperature has also found to have 

negative impacts on rice yields. Maximum temperature is more vulnerable and has 

negative impact on rice yield compared to the minimum temperature.  Sensitivity 

analysis indicated that CO2 levels have a positive impact on rice yield, but the 

effect is not so momentous as compared to the negative effect of temperature. 

Cultivars that are able to endure high temperature, water stress and have greater 

photosynthesis efficiency may alleviate the projected production problems for the 

next 50 to 100 years. Proper management practices (irrigation and fertilizer 
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applications) would help to meet the food demand under changing climatic 

condition in future (Jayanta, 2011). 

Summative impacts of agricultural damages which are caused by climate 

change on the global economy are modest. The cumulative productivity damages 

from climate change-related agricultural productivity drop would be modest for 

most Southeast Asian nations. Global CGE model was used to gauge the economic 

effects of climate change in long term scenario. It was found that impacts are not 

distributed across the world in even proportion. Losses were found to be more 

likely for the developing economies. Productivity losses which are unevenly 

distributed across global regions will make prominent structural tunings in global 

agronomic production and trade, eventually sending -off the developing domain as 

a clear loser. New Zealand’s crop output would escalate by 141 percent because of 

its sophisticated agricultural productivity under climate change. All South East 

Asian countries would perceive output sufferings in all crops sectors, except for 

rice production in Malaysia. (Zhai and Feb, 2009). 

 

2.4 SMALL LANDHOLDERS FACED SERIOUS THREATS FROM 

 CLIMATE CHANGE IN SRI LANKA: 

 Climate change has a significant impact on smallholder profitability. The 

effect of climate stress on the smallholder agriculture sector was studied in Sri 

Lanka by using Ricardian technique along with the household-level data to 

investigate long-term climate impact on farm productivity. Decrease of rainfall 

during the important months of crop production was found destructive. Overall 
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change in precipitation was dominating the changes in temperatures. Dry zones of 

the North Central region and South Eastern regions of Sri Lanka would come 

across the tremendous threats due to the adverse effects of climatic unevenness 

while wet regions would possibly be benefited because of projected increase in 

rainfalls. Both climatic variables and micro level characteristics are responsible for 

probable variations in crop yields. (Kurukulasuriya & Ajwad, 2004). 

2.5 EFFECT OF CLIMATE CHANGE ON CHINESE AGRICULTURE 

 Impact of climate change on agriculture of china is a reality. A Ricardian 

analysis on 8,405 farm households across 28 provinces in China was carried out. 

The effects of climatic variables on net crop revenues was examined using cross-

sectional data involving both rain fed and irrigated farms. Impact of higher 

temperature was found to be negative while that of precipitation was found to be 

positive.  Marginal increments in both temperature and rainfall have very diverse 

effects on different farm types across different areas. Warming was found to be 

favourable to irrigated growers because they can use water to counterbalance the 

heat but rain fed growers are pretty susceptible to warming and encounter 

reductions in net revenue of their farms. Irrigated as well as rain fed farmers will 

gain advantages from increased rainfall. More precipitation was declared as 

beneficial unless excessive amount of rain is perceived. As most of the areas of 

China are cool, so a slight warming can trigger damages. Irrigation is declared 

critical for China’s agriculture. Promoting research in new technologies, increasing 

farmer’s awareness about better technologies and institutions building for 

providing credit to farmers for purchase and supply the needed technology are 
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some core inputs (Wang et al., 2009). Economics of the impacts of climate change 

on China’s agriculture was again emphasized using Ricardian model and county-

level cross-sectional data on agricultural net revenue, climate, and some economic 

and geographical variables for 1275 counties practising agriculture. Most climate 

change scenarios with both higher temperature and more precipitation provided 

splendid effects. Both seasonal and regional variations were experienced with .a 

positive effect of the climatic factors pictured in the middle and the east countries 

but negative in the western parts while seasonal impacts were negative in spring. 

Autumn effects were noted to be positive. In most scenarios climate change was 

having an overall positive influence. Future direction emphasized the inclusion of 

CO2 fertilization effects to produce a commanding increase in yields (Liu et al., 

2004). In China the average impact of increase in temperature is negative, reducing 

average yield while average rainfall impact is positive the rain fed farms will face 

extensive losses but the irrigated farms will benefit from warming. Increase in 

annual temperatures increase the net revenues of irrigated farms by US$ 68 per oC 

but the rain fed farms will face a loss of -95US$ per ºC in net revenues . A loss of -

10US$ per ºC per hectare due to increase in annual temperature while a gain of 

US$15/mm/mo hectare due to increase in rainfall is expected. Increasing 

temperatures in china are not much harmful as many areas of country are cold and 

temperature is very low so a slight increase in temperature will harm up to a small 

extent but if the temperature keeps on going higher then rain fed areas of china will 

face losses over time. The direct impact of temperature and rainfall will not risk 

china in near future. The ability of the Chinese farmers to deal with climate 

conditions and to develop sources according to new condition has led them to 
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outclass the agriculture economies across the world. The greatest threat to china’s 

agriculture is the water shortage. Development of infrastructure will lead china to 

overcome water losses (Wang et al., 2008). 

2.6 NEPALESE AGRICULTURE AND CLIMATE CHANGE 

Mixed impacts of climate change on Nepalese agriculture was observed by 

using cross-section data of 656 farm households across 14 districts wrapping all 

climatic zones of Nepal. Ricardian method was used to quantify the climate change 

impacts. Outcomes showed substantial impact of climate variables on net farm 

income across Nepalese farming families. Both positive and negative impact of 

precipitation and temperature were visualized. Low precipitation and high 

temperature were found beneficial for increasing net farm revenues during the two 

cropping seasons (fall and spring) while during summers low temperature and 

enough precipitations are expected to increase their revenues. Socio-economic 

variables like ratio of irrigated farm land and credit attainment were also found to 

have positive impact on net farm values. Farm size was not found significantly 

affecting the revenues per hectare while small farms manage better and achieved 

higher net income per hectare as compared to large farms. Agro-economic and 

CGE models are advocated to grab the climate change effects (Thapa et al., 2010). 

Production of cash crops was evaluated in Kaski district of Nepal to document the 

insight of local people towards climate change impacts and their responses and also 

determined the adaptation measures used by local farmers against the climate 

change on cash crop productions. Primary data were collected from household 

survey with semi-structured questionnaires. Secondary data of Thirty years Rainfall 
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and temperature was collected to study the rainfall and temperature pattern. The 

rainfall pattern seemed to be increased at the rate of 2.74 mm/year while the mean 

annual maximum and minimum temperature seemed to be increased by 0.064 0C 

per year and 0.01 0C per year respectively. Tea was the most affected cash crop in 

result of climate change. Amriso was found to be the best adapted species from 

climate change due to its spread roots. Reason for decrease in production of cash 

crops annually was due to lack of management of market and drought. Awareness 

campaigns, drought resistant varieties of seedlings should be distributed and 

reforestation programs should be inaugurated to adapt with climate change 

(Khadka, 2011). 

2.7 TAIWAN’S AGRICULTURE VULNERABILITY IS INCREASING 

Disastrous effects of warming and precipitation variations using yield 

response regression models on 60 crops and then using price-endogenous 

mathematical programming model to simulate the welfare impacts of yield changes 

under various climate change scenarios was investigated. Warming and climate 

variation was found to have substantial but non-monotonic impact on crop yields 

on the agricultural activities in the semi-tropical areas of Taiwan. The benefit of the 

approach used is that it shapes farmer’s adjustments to environmental conditions 

and thus runs fairly more accurate estimates of the extent of climate impacts than 

traditional agronomic crop weather models. Tropical climatic irregularities, such as 

cyclones, and hurricanes which are considered very critical to the well-being in 

these regions should be included in further studies to visualize their contribution in 

inducing climatic sensitiveness (Chang, 2002). 
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2.8 IRAN’S AGRICULTURE SENSITIVITIES WITH CHANGING 

CLIMATE 

 Vulnerability of the rain fed wheat growers of Iran is likely to practice large 

changes in agro climatic indicator that will affect their productivity. By using the 

WOFOST and UKMO model it was observed that warmer temperature and less 

precipitation will reduce crop growth period in Iran. Increase in water deficiency 

has reduced cultivated land used for rain fed wheat production. Potential 

improvements in wheat adaptation to cope with climate change in Iran should 

include breeding new cultivars and changing agronomic practices like sowing dates 

(Nassiri et al 2005). 

2.9 EUROPEAN AGRICULTURE AND CLIMATE CHANGE 

 Ricardian analysis was performed to anticipate likely impacts of climate on 

European agriculture sector. Data on climate, soil, geography and regional socio-

economic characteristics was recovered from 37,612 individual farms across the 

EU-15. Results highlighted that the seasonal climatic variables have a strong hold 

on current farmland values across Europe. Increasing spring temperature was found 

beneficial while on other hand increasing summer temperature is detrimental for 

agricultural land value. More precipitation in summer was stated useful. Climatic 

coefficients also suggested that climate change is going to have a strong impact on 

future farmland values in Europe. Scenario with mild climate will make European 

farms to lose an average 8 percent of their value; similarly more intermediate 

climate scenario losses are up to 28 percent by 2100 and with more severe climate 

scenario farms losses accounts up to 44 percent of their value by 2100. Southern 
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Europe is going to be affected more in all cases. Findings also revealed that  

sensitivity  of  irrigated  farms are not  the  same  as  the  climate sensitivity of rain 

fed farms. (Passell, 2012). 

2.10 CLIMATE CHANGE AND LAND RENTS IN GERMANY 

 Land rent in Germany increased with increase in mean temperature and fall 

in spring precipitation with the exception of eastern part of the country. The 

regions in which the spring precipitation rises more than 100 mm, it negatively 

affects the arable production in the area of southwest, northwest and the upper 

Rhine valley and the land rent decreases in these areas. Increase in temperature and 

decrease in spring rainfall will cause land rents to increase in some districts of 

Baden Wuerttemberg and Bavaria. East and south Germany was found to be highly 

susceptible to the climate change. Decrease in summer precipitation and increase in 

temperature will further disturb the already available water level. Scenarios using 

REMO model concluded that at the end of this century temperature increase will be 

higher in south and south East Germany while north and northwest Germany will 

face a decrease in summer rainfalls. WETTRG model also showed that north East 

Germany will also face a decrease in summer rainfall. In long run scenarios, the 

changes in temperature and precipitations are harsher as simulated for 2011-2040 

(Lippert et al., 2009).  

2.11 CLIMATIC EFFECTS ON WINE PRODUCTION IN GERMANY 

Economic impact of global warming on viticulture in the Mosel valley of 

Germany was visualized by using annual time-series weather changes on vineyard 

productivity and returns.  Three models based on different price data i.e. Retail, 

wholesale and auction prices provided a differentiating picture. Wholesale prices 
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provided comprehensive analysis of all wines sold and represented the revenues of 

farmers more closely. Vineyards of the Mosel Valley will increase perhaps by a 

sizable extent. A 3°C increase in temperature will bring more than twice the value 

given with a constant vineyard area cultivated before. 1°C increase would promote 

revenues by about 30 percent. Increased temperatures will decrease the quality of 

wine grapes because of excessive heat. ( Ashenfelter & Storchmann, 2010). 

 

2.12 VISUALIZING CLIMATIC EFFECTS ON NORWAY’S 

AGRICULTURE SECTOR 

 Biophysical statistical model analysed the association between yields of 

potatoes, barley, oats and wheat and climatic variants i.e. temperature taken as 

growing degree days and rainfall ranging 1958 to 2001 at county level in Norway. 

The effects of climate change were visualized assertively and yields varied with 

both geography and by crop. Positive yield responses are experienced to increase 

temperatures in most parts of Norway, with the exclusion of Eastern part. Potato 

crop showed high sensitivity to rise in temperature. Barley oats and wheat were 

less reactive to temperature fluctuations. Many parts of Norway faced negative 

yield response to increased precipitation. Introduction of new crops and crop 

alternatives, earlier sowing, ditching to drain more water from the soil, and utilising 

marginal land could be fruitful for obtaining better yields. Reg Clim scenario for 

2040 indicated that potato yields will increase by around 30 percent in Northern 

Norway (Torvanger et al., 2004). 
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2.13 SWITZERLAND MAIZE CROP IS EXPOSED TO 

CLIMATECHANGE & FOOD SECURITY ISSUES 

 Effects of climate unevenness and change on maize (Zea mays) production 

and food security in Switzerland were critical to evaluate. Secondary data on 

rainfall for agro-ecological zones and maize production from 1990 to 2009 were 

analyzed using two-way analysis of variance. Regression analysis was then applied 

to establish trends. Reduction in both mean annual and planting season 

precipitation would have negative impacts on maize production. Maize production 

was found to decline due to unpredictable rainfall and the area planted under the 

maize crop has also declined over the years due to droughts making households 

more exposed to intermittent weather and causing serious food security issues. Soil 

conservation techniques, early maturing maize varieties, crop diversification and 

migration of farmers to more productive Lands for crop production can lessen the 

impacts of climate change and would increase household food safety (Oseni et al., 

2011).  

2.14 MAPPING CLIMATE CHANGE ACROSS WHOLE AFRICA 

  Suffering of the African farmers due to prevailing climatic conditions was 

scanned by using Ricardian technique. Farmer’s own perception of the value of 

their land was used as a dependent variable rather than observed sale prices or net 

revenues. Climate variables were very much significant. Higher temperatures are 

ultimately detrimental to agricultural production of all countries in Africa. 

Increasing levels of precipitation are advantageous to agricultural produce. 

Differences in prevailing technology, trade links, quality of institutions and 

infrastructure are considerable and showed significant variations across the 
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countries of Africa. Regional climate change by 2050 is anticipated to cause 

production losses of 19.9 percent and 30.5 percent for Burkina Faso and Niger 

(Maddiso et al., 2007).  

Crop model and Ricardian approach was also employed to investigate 

climate change effects on the future crop yield of West Africa. Data was collected 

from 16 recent studies where both approaches assessed negative impacts. The 

predicted impact is larger in northern West Africa than in Southern West Africa 

due to drier and warmer climate. Negative impact on crop productivity increases as 

warming increases. Rainfall changes are still uncertain in climatic estimates but 

have the potential to mitigate or impair the impact depending on increase or 

decrease in rainfall. Carbon fertilization effect produced plenty of changes in crop 

yields and this effect was noted stronger for high carbon dioxide concentrations 

crops i.e. C3 crops and less for C4 crops in Western Africa (Phillip et al, 2011). 

Climate variables effects ecological zones of South Africa and revealed that farms 

of Agro Ecological Zones (AEZs) are affected up to greater extent. OLS and fixed 

models were the method employed to gauge the climatic happenings. An increase 

in the temperature negatively affected farm revenues while the other climatic 

variable rain fall, both in summer and winter seasons proved beneficial for crop 

nourishment. In order to reduce the susceptibility particularly in hot areas, 

increased use of Livestock amplified the climatic resistance because some livestock 

species are more heat tolerant. In OLS model and fixed effect model reported 

different levels of gains and losses resulted from the climate change process (Seo et 

al., 2009).   
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Crop farm sensitivities to climatic changes in South Africa affected both the 

irrigated and dry land farms. Climatic variables i.e. temperature and precipitation 

greatly hindered net revenues. Analysis of temperature at different stages of the 

crop production revealed that increase in temperature at early stages of crop (initial 

period) was beneficial, but as temperature increased at last stages (ripening period) 

it was found to be damaging. Overall temperature and rainfall are advantageous to 

crop farming up to certain threshold levels. Seasonal impact analysis of both 

temperature and rainfall provided that temperature in summer season bear a 

decreasing effect while winter experiences a positive effect. Early summer and 

winter season rainfalls are beneficial. The climate scenarios guessed a 2.3oC and 

9.6oC increase in temperature and 2percent and 8percent fall in rainfall. Climate 

change impact assessment also discovered irrigation holding a relatively important 

adaptation. Proper management of water resource, improved crop varieties, new 

animal breeds, and improved cropping patterns will help the farmers of South 

Africa in increasing gains and reducing losses (Benhin, 2008). 

2.15 HOW CLIMATE CHANGE IS DETERIORATING THE 

 AGRICULTURE SECTOR OF NIGERIA 

Impacts of climate change on rice agriculture in Nigeria was assessed  using 

Ricardian model and the importance of irrigation was evaluated considering it a 

substitute option to diminish the shattering impact of climate change on rice 

farming. Net revenue per hectare was found to be higher for dry land farms as 

compared to irrigated. Study confirmed that increase in temperature will shrink net 

revenue of dry land rice farms while irrigated farm net revenues will increase with 

increase in temperature. Increased rainfall make dry land rice farms earn less 
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benefits when compared to irrigated farms. Temperature effect on irrigated rice was 

not as harmful because irrigation has cushioned the crop from rainfall shortages. 

Dry land farms revenue showed a high sensitivity as compared to irrigated farms 

when there are subjected to marginal changes in rainfall and temperature. Irrigation 

has evidenced to be an effective adaptation both in rain fed and irrigated farms to 

reduce the harmful effects of climate change (Ajetomobi et al., 2010). Changes in 

climatic features and agronomic factors hampered output produce of maize crop in 

different ecological zones of Nigeria. Using the data from 1982-2002 and 

employing two way analysis of variance (ANOVA), significant variation in 

average annual rainfall, temperature, maize hectares and output was observed in the 

seven recognized ecological regions. Study emphasized that increased rainfall and 

water availability will colossally increase the maize productivity. The maize 

production overall increased in the time period of 22 years under study. Flood 

control, development of early maturing and disease/low temperature resistant 

varieties of maize are advised for mitigating climatic changes (Sowunmi et al., 

2010). Mixed picture of the impacts of the climate change on Nigeria Agriculture 

was portrayed. Both secondary and primary sources were used for obtaining data. 

Stochastic simulation model inspected the effects of swift climatic change on grain 

production and the human populations in Nigeria and a multinomial logit model 

identified the adaptation options. The total average impacts were simultaneously 

positive or negative under different scenario. But in most scenarios impacts were 

found to be positive on agriculture sector. Educating farmers along with more 

farming experience are key adaptive measures. Early warning alerts and 

clarifications in the language convenient to farmers/rural communities are very 
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much needed to compensate the climate change effects (Apata, 2010). A designed 

survey was carried out through 100 contact farmers and 30 respondents of 

agriculture staff in delta states of Nigeria. Descriptive statistics was the statistic 

tool to quantitatively analyze the climate change situation. 88 percent contact 

farmers responded that climate change is evident from increasing temperatures. 

Other signs of climate change encompassed increasing downpour, flooding and 

unpredictable weather patterns reported by 80 percent of the farmers. Climate 

change has marked the execution of farm management decisions and new farm 

technologies impossible as 86.7 percent extension services agent argued making 

difficult in convincing farmers to finance more in agriculture. A large number of 

the agriculture farming community migrated to the urban areas because of the 

striking impacts of climate change including crop failures and livestock deaths 

(Nnadi, 2013).  

Climate change has drastically influenced the millet production in most of 

important millet producing areas. Climate change has placed Nigeria among the 

tops on list of countries that are highly vulnerable to climatic irregularities. By 

using Statistical models and the data of last 30 years of rainfall and the production 

data, model identified surface temperature, the amount of rainfall in July, August 

and September, the number of rainy days and the wind erosion factor as the 

important expressions of climate change. It is predicted that in year 2025, 

production of millet would be 13 percent lower due to climate change. The 

production losses can be minimized by improving water use efficiency (Mohamed 

et al., 2002).  
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2.16 FARM REVENUES OF THE AGRICULTURE FARMS IN KENYA 

 ARE UNDER THREAT OF CLIMATE CHANGE 

 Elevated temperatures have proven to be damaging for Kenyan agriculture. 

Global Circulation Model (GCM) for Kenyan agriculture predicted that 3.5 0C to 4 

0C change in temperature and 20 percent change in precipitation by 2100, will 

considerably affect the net farm revenues. Primary data through surveys along with 

secondary data for climatic variables was collected. The results showed that higher 

summer temperature has negative impact while high winter temperature has 

positive impact on the net farm revenues. The adaptations practices are to use the 

high potential zones, i.e. the zones with high production; diversification of the 

crops i.e. changing the crop mix and water conservation, irrigation and 

shading/sheltering of crops drier regions (Mariara & Karanja, 2007).  

2.17 CLIMATE CHANGE HAMPERING THE ECONOMIC 

 STEADINESS OF ETHIOPIAN AGRICULTURE 

 Climate change will affect the economic steadiness of Ethiopian agriculture 

hampering the economic development process of the country by damaging the crop 

production and yield. Ethiopian GDP is likely to decrease by 10 percent from its 

benchmark level due to production and output losses. This will be accompanied by 

emergence of food/fuel poverty and uneven distribution of wealth among citizens 

(Mideksa, 2010). Actual climate change dynamics on agriculture sector of West-

Arsi zone in Ethiopia was taken as a case study to scrutinize the climatic impacts 

on the livelihood. Semi-structured interviews were conducted to acquire 

information from local public and government representatives while secondary data 

was obtained from published and unpublished sources. Qualitative and quantitative 
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analysis was carried out to analyze the materials. Outcomes showed that the slow 

and extreme weather changes are proving destructive for the living of mid and 

lowlands of the West-Arsi zone but constructively for some places where 

agriculture is guarded by low temperature. Drought, untimely rains, heavy and 

unseasonal rain are becoming misery for local livelihood. People used saving, 

shifting growth season, selling livestock as adoption strategies (Senbeta, 2009).  

Impact of environmental factors on crop farming sector of Ethiopia was 

investigated using a Ricardian approach. Climatic variations have significant 

impact on net crop revenues per hectare. Impacts of temperature and rainfall 

fluctuations were observed. Results showed that temperature increase during winter 

and summer would lead to decrease in net revenue per hectare while increasing 

rainfall in spring will increase net revenues. Damaging effects of temperature and 

rainfall were not uniformly distributed due to different prevailing conditions 

(Deressa, 2009).  

2.18 CLIMATIC FACTORS STINGING COMMERCIAL FARMER’S OF 

 NAMIBIAN AGRICULTURE 

 Main climatic factors led to effect net revenues of the Namibian 

commercial farmers. A survey of commercial farms in Namibia was conducted, 

and a multiple regression model was used. Considerable losses in farm returns were 

anticipated as a result of climate change. Annual revenue per hectare proposed to 

decrease up to 42 percent of its present-day value by year 2050, and up to 59 

percent by 2080 it was identified that rainfall is shrinking continuously due to 

climatic changes which has also led to extensive losses in revenue. One percent 

reduction in rainfall would result in 1.36 percent reduction in revenue per hectare. 
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Livestock farming was perhaps found more vulnerable to the effects of climate 

changes because of productivity constrain due to rainfall. Land owners adapt to 

climate change by changes in land use, keeping arid adjusted livestock species and 

adopting farming practices that use water more efficiently (Brown, 2009).  

2.19 CLIMATE CHANGE HAMPERED ZAMBIAN AGRICULTURE 

Economic analysis of agriculture of Zambia which is mainly dependent on 

natural climatic conditions showed a great response to changing set of climatic 

variations. Temperature, rainfall function has produced remarkable difference in 

the output of agriculture commodities. Crop production with respect to climate 

variation was analyzed in three stages of germination, growing and maturity. 

Significant results were found for both temperature and rainfall changes. Switching 

to fertile land and rationale of land use between crop and livestock should be done 

to minimize the negative effect of changing climatic conditions (Jain, 2007). 

2.20 CLIMATIC STRESS AND GUYANA’S AGRICULTURE 

ECLAC, 2011 visualised the effect of climatic stress on agriculture sector 

of Guyana particularly for sugarcane, rice and fisheries. An augmented production 

function was used to model the climatic effects on output of agriculture sector. 

Separate models were estimated for sugarcane, rice and fisheries. Three scenarios 

were engaged to project climate change effects by the year 2050 which were a 

business-as-usual (BAU) scenario and the A2 and B2 scenarios guided by IPCC. 

Rainfall and temperature described about 14 percent of the variations in sugarcane 

production. Rice output was found at best with a temperature of 27.4° C along with 

the average rainfall of 1.7 metres/year while the fish production has decreased with 

the increase of both rain fall and temperature. 
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2.21 GAMBIA’S CASH CROP INQUIRIES TO CLIMATIC CHANGES 

Pooled and de-pooled data econometrics technique was employed to 

investigate climate change impact on cash and food crop of Gambia. Land size and 

rainfall were supposed to be affecting the crop production abilities. It was revealed 

that more rainfall results in greater crop productivity. 1 percent increase in the 

yearly rainfall has led to 0.738 percent increase in the crop production on average. 

Land inputs and rainfall manipulated evocatively the production of agriculture 

crops in both pooled and de-pooled data estimation. Technological innovations and 

new variety introduction are the future modules to button climate effects positively 

(Bukhari & Sillah, 2009).  

2.22 ISRAEL’S AGRICULTURE IS VULNERABLE TO CLIMATE 

CHANGE 

 Climate sensitivities of Israel resulted in loss of their farmer’s healthy 

revenues. Net incomes were used instead of net revenues per hectare. A convex 

farm profit function was observed for temperature and concave profit function for 

rainfall. Overall results showed that net revenues increase for cooler and dry region 

but as both temperature and rainfall increases a certain level, decrease in net 

revenues was observed (Fleischer, 2008). 

2.23 EGYPT’S AGRICULTURE IS ALSO AFFECTED FROM 

 CLIMATIC STRESS 

 Impacts were analyzed on the agriculture economy of Egypt using the 

quadratic program sector model. Water resources, crop yields and land resources 

were used as input to the economic model to assess the impact of climate change. 

Climate change generally had a slight impact on aggregated economic welfare. 
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Food importing countries are at a more risk to climatic changes. Impacts are 

growing bigger as to do changes with world market because of changes with 

regional and local biophysical system and also shift in the domestic agriculture 

economy (David & Strzepek, 1998). 

2.24 CROP PRODUCTION IS EXPOSED TO CLIMATE CHANGE IN 

PHILIPPINE 

 Effects of climate change were evident on rice and corn crops of different 

provinces of Philippines. CERES-Rice and CERES-Maize model were used. 

Doubling of atmospheric carbon dioxide concentration and rise in temperature 

were the two most important scenarios of climate change. Both these variables had 

direct impacts on crop production and growth. Simulation results showed that corn 

and rice yield tend to decrease and there was higher coefficient of variation in 

yields of rice compared to yield of corn (Felino & Salvacion, 2007).  

 

2.25 FOOD SECURITY SITUATION GETTING WORST DUE TO 

CLIMATIC CHANGES IN TANZANIA 

 Food security situation in Tanzania was important to analyze with respect to 

the ongoing climatic changes. A study of 110 provinces of Tanzania by using a 

calibrated crop models was conducted. Results concluded that most low income 

countries are more vulnerable to climate change and food security is going to be 

hurt severely by such environmental changes. There are differences in effects 

across households both by region and by income group (Channing et al., 2012). 
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2.26 ZIMBABWEANS CASE STUDY OF CLIMATIC EFFECTS 

Extensive effects of climate change on food security situation of Zimbabwe 

were understandable. Unstructured interviews and general observations were used 

to gather the related information for evaluating the impacts of climate change. 

Results indicated that the sufferings are increasing for the agriculture sector 

because of the changing rainfall patterns, temperature increase and also due to the 

occurrence of more extreme weather events, like floods and droughts. Crop yields 

have been hampered largely due to the extensive and frequent droughts which have 

negatively impacted food production in the country. Agro-ecological regions 

encountered shifts due to the disastrous climatic changes. Government of 

Zimbabwe emphasized to adopt mitigating measures to combat the effects of 

climate change. Designing schemes which can lend a hand to farmers so that they 

would be able to attain the maximum crop yields is the only way to out-run the 

wobbly effects (Manyeruke, 2013). In another study, impacts of changes in mean 

and variability of climatic factors on crop yields were analyzed using historical 

crop yield data on two major crops rice and maize, with their respective 

temperature and precipitation data from 66 countries for the period of 1971-2002. 

Quintile Regression was the statistical tool employed for visualising the climatic 

effects. Increase in temperature and precipitation enhanced crop yields up to a 

threshold point, after which negative impacts on crop yields were encountered. 

Increase in climatic parameters variability has extremely adverse effects on rice 

crop of low yielding countries. Climate resilient crops should be promoted in order 

to curtail losses in developing countries (Dasgupta, 2011). 
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2.27 GLOBAL AGRICULTURE AND CLIMATE CHANGE 

Potential impacts of climate change and carbon dioxide fertilization effects were 

analyzed on global agriculture using GTAP-W model to differentiate between rain 

fed and irrigated agriculture and implement water as explicit factor of production. 

SRES A1B and SRES A2 scenarios were used at two time periods 2020 and 2050. 

Irrigated food production is less vulnerable to climatic changes as compared to rain 

fed production. Inclusions of carbon dioxide fertilization analysis resulted in gain 

of global food production. Joint analysis of climatic variables also explained that 

global food production is going to decrease by 0.5 percent in 2020 and up to 2.3 

percent in 2050. Crop productions are going to increase in developed nations and 

decrease in most developing countries. Global irrigated productions encountered 

declines between 3 to 6 percent when the irrigated crop area was increased, as 

climate change leads towards reduction in total water use by around 1.3 percent in 

2020 and 2.3 percent and ultimate rise in food price by 40 percent in 2050 (Alvaro 

et al, 2010). Climate change has adversely affected the agriculture production 

globally because of the geographical shift promoting agriculture losses, less 

irrigation water and increased land losses through salinization and sea level rise. 

Generous economic losses are observed as temperature increases beyond the 

equivalent of a CO2 doubling quantity. High temperature also negatively affected 

livestock and dairy production (Aydinalp & Cresser2008). 

2.28 AUSTRALIAN CROP SECTOR SUSCEPTIBLE TO CLIMATE 

CHANGE:                         

  Authenticated crop model APSIM was used to investigate the varying 

levels of CO2 i.e. doubling of CO2 with different climate change scenarios to 
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visualize the production differences of the wheat crop of Australian wheat crop 

system. Ten sites were taken in study, considered as the core of wheat cropping 

system. Increase in CO2 concentration up to 750 mm without change in rainfall and 

temperature factors depicted an increase of about 18 percent to 36 percent in wheat 

yields. Temperature increase has reduced the growth period of the wheat crop 

forcing farmers to sow earlier. Rainfall effect in different scenarios was found 

mostly beneficial. To cope with disastrous change, slow maturing varieties should 

be replaced (Crimp et al., 2008). Impacts of climate change on Australian 

agriculture sector are very much varied. Some areas could be benefited while some 

like south-west areas can be at losing side. Rural farmer of the country has to face 

adverse climate change impacts in the coming two decades. Considering the 

expected climate change scenarios the farmers are more likely to invest more for 

adaptation policies. So, climate change will make it difficult for farmers as well as 

the large investors to invest in this sector (Kingwell, 2006). Climate change is 

going to pose serious threat to global agriculture commodities like, wheat, sugar 

cane, beef and dairy. These commodities are estimated to decrease by 2-6 percent 

by 2030 and 5-11 percent by 2050. Same is the case for Australian agriculture 

where threat of decline in these commodities is likely to be 9-10 percent by 2030 

and 13-19 percent by 2050. To make a healthy share in international market, 

policies on adaptation strategies should be focused along with the investment plans 

on research to maintain steady growth (Gunasekera et al., 2007). 
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2.29 CLIMATE CHANGE EFFECTS ON UNITED STATES AND 

 NEIGHBOURING COUNTRIES 

 Climate change has affected production abilities of agriculture, which in 

turn affected rural per capita income. United States counties and rural regions in 

Brazil was the study domain. Greater temperatures scrutinized per capita income in 

the United States and exclusively in Brazil. Increase in soil moisture brought 

supplementary increase in rural incomes in the United States but the effect is gentle 

in Brazil. More cropland nevertheless has positive impact on income in Brazil. 

Less production will bring poverty, low farm incomes as a result of climatic 

unevenness. Areas with already warm temperatures are extremely vulnerable to net 

production losses. Technological provision to these areas which are climatic 

stressed and are labour intensive would increase the poverty (Mendelsohn et al., 

2004). US corn, soybeans, and cotton yields to climatic parameters scanned serious 

associations. Significant nonlinear relationship between temperature and yields 

were reported using both time series and cross-sectional variation in weather and 

yield. Outcomes revealed that up to certain rise in temperature level increases the 

yield but above these levels negative effects are noted down. Critical threshold 

were found 29oC for corn, 30oC for soybeans, and 32Co for cotton. Decline of 43 

percent, 36 percent, and 31 percent in corn, soybeans, and cotton yields are 

anticipated respectively under the slow-warming scenario while under the rapid 

warming scenario79 percent, 74 percent, and 67 percent reduction was anticipated 

for the given crops for the years 2070-2099. Delaying the planting date by one 

month can somewhat protect the crop from damaging impacts (Schlenker & 

Roberts, 2008). Econometric examination of the climatic factors influencing some 
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important crops of U.S. was performed by using a county level data from 1977 to 

2007 and likely impacts were evaluated based on the projected climate changes 

indicators by (IPCC ,2001).Climate variables have significant impact on the yields 

for all three crops i.e. soya bean, rice and wheat. High temperature led to reduced 

crop yields while additional precipitation augmented corn and soybean harvests. 

The impacts of precipitation on wheat yields were found indecisive i.e. may 

increase or decrease wheat yields. Yields of all crops reacted positively to their 

own prices but reacted negatively to the prices of other crops and fuels (Huang and 

Khanna, 2010). Anticipation of the effects of climate change on the agriculture 

sector of Brazil was taken in to account in terms of both agricultural profitability 

and land values. Fixed-effects model proposed by (Deschênes and Greenstone, 

2007) and the hedonic model proposed by (Mendelsohn  et al.,1994) were the two 

econometric models classified for impact evaluation of climate change. 

Temperature (°C) and precipitation (mm/month) for the period 1961-1990 were 

taken as the climatic variables. Agricultural profitability (for the fixed-effects 

model) and land values (for the Ricardian model) were the dependent variables. 

Land quality and erosion potential for each municipality were some key agronomic 

variables and also are classified as important determinants of land’s productivity. 

Study evaluated that Brazilian agriculture will be hampered modestly as a result of 

climate change in the medium term. For the period 2040-2069, agricultural profit 

losses range were recorded between 0.8 percent and 3.7 percent. Results also 

clarified that consequences of climate change will be different across the country’s 

regions. North and the Center West regions were severely debilitated by climate 

change while Southeast and South regions benefited gently (Féres,2009). 
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Aggressiveness of increased warming on Dry land crops and livestock across the 

different African countries was very alarming. Increasing rainfall proved beneficial 

for the revenues of dry land farmers. Irrigation practices are considered helpful for 

the dry land farmers to safeguard their agriculture activities from climate change. 

Irrigation investment in dry land areas will repay the invested amount in good time. 

(Kulukulasuriya et al., 2008). 

2.30 EFFICACY OF SATELLITE VS. WEATHER STATIONS IN 

AGRICULTURE 

 Efficacy of satellites versus weather stations was examined while 

considering their role in agriculture. The objective was to compare the usefulness 

of ground measurement and satellite observations, when climate analysis is 

performed for agriculture sectors in countries like Brazil, India, and the United 

States. The satellite measures of climate provide more accurate accounts of 

agricultural performance than the weather stations. Temperature measurements 

from the satellites are more accurate than weather station readings while rainfall is 

more accurately measured by weather stations. It was recommended that satellite 

technology would be mature enough to replace weather station while making 

decisions regarding climate (Mendelsohn et al., 2004).  

 

2.31 LIVESTOCK SECTOR AND CLIMATE CHANGE 

Various trends of climate changes on the crop and livestock sector are 

linking it with food security issues. Overall warming and dry climate posed serious 

intimidation to agriculture incomes. Extension services role, electricity, machines 
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and production labor significantly affected the net revenues. Both arid and semi 

arid regions were under threats from the glimpse of this disastrous transformation. 

Decreases in net revenue due to strong and increase warming proved as an 

indicator of food security issues in South Africa (Nhemachena et al., 2008). 

2.32 ADAPTATIONS AND MITIGATIONS IN CLIMATE CHANGE 

Adaptation of different strategies is needed to guide sustainable agriculture 

growth in Nigeria. The changing climate has put down the world focus on hunger 

and malnutrition concerns. The African region is on the verge of devastation due to 

climate change. Fatal disease like HIV/AIDS has hindered adopting mitigating 

strategies against climate change. The challenge of the climate change demands 

that agriculture should be based on scientific technology stakes. (Anselm and 

Amusa, 2010). Impact of climate change on agriculture sector of Burkina Faso was 

analyzed by using Ricardian cross-sectional approach to determine the connection 

between climate and net revenues. Three models i.e. without adaptation, with 

adaptation and with a dummy zone variable were shaped to analyze the impacts. 

Results showed that 1°C rise in temperature can cause revenue fall by 19.9 US$/ha 

while precipitation increase by 1 mm/month can increase net revenue by 2.7 

US$/h. Decrease in precipitation clearly hampered the net revenues up to 14 

percent. Rainfall decrease and temperature increase were marked extremely 

dangerous for crop yields as Burkina Faso’s hold a climate that is very hot and dry. 

Extension service and irrigation are key adaptations which will elevate net 

revenues of the agriculture farms. (Tao & Zhang, 2010) identified varying 

adaptation in different regions to mitigate the impact of climate change on the 

maize crop in north China plains. Study proposed to develop heat resistive varieties 
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and also the varieties which have high thermal requirements, to by-pass the 

threatening effects in near future. These adaptive measures can pay expressively in 

managing the destructive impacts (Ouedraogo et al., 2006).  

Mitigation techniques to cope with the climate change are vital for 

agriculture crops production under climate change stress. Amount of irrigation has 

been identified as a strong mitigation technique to cope with the climate change 

impacts and land degradation, warming of climate and increased evapo-

transpiration. The accessibility and availability of water resources are also 

deteriorating. Increase in the irrigation can be also helpful to withstand salinity, as 

increased availability of water leaches down the excess salts deep into the soil. So, 

optimistic approach for the use of irrigated water is required (Connor et al., 2012). 

Sorghum crop variety was believed to be more vulnerable to climatic changes. 

Multinomial log it model was used to probe the key determinants of crop grower’s 

choices. Education level of farmers, the size of their farms and credit accessibility 

were the core planned rudiments that were branded. New crop varieties in semiarid 

and arid regions would result in more food security, ultimately increasing farmer’s 

prosperity (Zivanomoyo & Mukarati, 2010).  

The importance and options of adaptation in agriculture to climate change 

and the contribution towards the development of climate change policy should be 

seriously questioned. Study aimed to develop a typology of adaptation to 

systematically classify and characterize agricultural adaptation options to climate 

change in Canadian agriculture system. Investigation identified four categories as 

an adaptation options i.e. technological developments, government programs and 

insurance, farm production practices, and farm financial management. Along with 
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these main line options there are other associated options as well i.e. information 

provision that may stimulate adaptation initiatives. The important findings 

explained that adaptation options are amendments to on-going farm practices with 

respect to a suite of changing. For practical implementation of adaptations practices 

to climate change in case of  agriculture, potential adaptation options and existing 

farm-level and government decision-making processes and risk management 

frameworks should be understood (Smith, 2002). Household characteristics like 

age and literacy of the household head are reported as important drivers of 

adaptation. 1, 000 farmers were questioned who were growing cereal crops in Nile 

basin to analyze the influence of climatic variables economically. Farm production 

and net revenues of farms would be sheltered if suitable adaptation measures are 

employed. Adoption decisions are largely effected by main climatic variables i.e. 

rainfall and temperature as well as the agro-ecological setting. Adaptation would 

have undeniably a constructive and considerable impact on food production in the 

region. Farming society who would consider adaptations as options to safeguard 

from climate change would enjoy an extra 10 percent increase in terms of net 

revenues. Extension services, access to credit and information about future changes 

in climate are considered as key adaptations (Falco et al., 2012).  
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Chapter 3 

MATERIALS AND METHODS 

Agriculture is considered as the most exposed activity to the changing 

climate. Sector’s efficiency is being damaged by a number of climate change 

variables i.e. rainfall pattern, temperature escalation, water availability, evapo-

transpiration. These factors are considered as a source of bringing changes in 

agricultural output. These impacts of climate change are translated in form of 

reduction of agricultural production and putting restriction on growth stage of 

crops. Economies located in the tropical and sub tropical regions would encounter 

unsympathetic consequences, whereas regions of temperate zone would benefit. 

Rising temperatures lead to melting of the glaciers along with abnormal pattern of 

the rainfall which is injurious to agriculture sector. 

 

3.1 THEORETICAL SUPPORT 

Fundamental production theory has been focused to rationally identify the 

optimal utilization of resources under changing climatic situations. The agriculture 

sector faces both risk and uncertainty. Change in climate is the reflection of 

uncertainty. The probability of occurrence of which cannot be measured given the 

fact that farmer as a producer would use the resources in a rational way any 

dangerous change in temperature, precipitation and other climatic variables would 

motivate him to change the pattern of resources techniques and technology 

accordingly. Statistical and econometric methods are engaged to ascertain a 
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rational connection between climate deviations and variation. Multiple regression 

technique has been widely utilized to approximate the shock of climatic variables 

on crop yields. The econometric approaches rely on reduced form statistical 

association between output (e.g. farm income/ farm yields) and input (climate 

variables). Regressing agricultural performance against climate variables (rainfall 

and temperature), conventional input (land and labor) measured the giving of every 

single aspect to the result and projected the effects of long-standing climatic 

changes on farming segment. 

 A generous magnitude of inquiries has been performed on the probable 

impacts of climate change on agriculture production (Rosenzweig & Iglesias, 

1994). Up to-date models have been formulated by researchers in diverse fields i.e. 

climate studies, agronomy and economics to scheme future impact. Number of 

research’s used climate brought alterations in crop yield to approximate possible 

worldwide economic impacts (Rosenzweig & Parry, 1994) while some inspected 

the indirect impact on economic variables such as farm revenue and income, e.g. 

(Mendelsohn et al.,1994).  

 

3.2 EMPIRICAL FRAMWEORK 

 The structural models are interdisciplinary, connecting models from 

atmospheric science, crop science and economics. It initiates with crop simulation 

models (Rosenzweig & Parry, 1994). The crop biophysical simulation model 

inserts parameters drawn from crop experiments. After measuring crop yield 

changes under dissimilar climates, yield estimates are then integrated into 

economic models of the agricultural sector to approximate changes in acreage and 
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consequent changes in market clearing price (Adams et al., 1998). The benefit of 

the approach is that it endows with a comprehensive consideration of the physical 

and economic responses, and adjustments. The type of economic models that have 

been used with agronomic models includes computable general equilibrium (CGE) 

models and partial equilibrium mathematical programming models (Chang, 2002, 

Kumar and Parikh, 2001) and spatial equilibrium models of the agricultural sector. 

3.3 THE SPATIAL ANALOGUE MODELS 
  
 The approach considers the effects of climate change on agriculture based 

on experiential difference in agricultural production and climate between different 

areas. This is done by employing either statistical or programming techniques to 

question changes in spatial outlines of production. The supposition of this approach 

stands on how farmers adapts across transect of climate. The models include the 

Ricardian model by (Mendelsohn et al., 1994) and Geographic Information System 

(GIS) models in Darwin et al. (1999) and Restricted Profit Function in Molua 

(2002). The spatial-analogue approach fundamentally examines farm performance 

across climate zones (Mendelsohn & Dinar, 1999). Structural changes and farm 

responses are implicit in the analysis making spatial models strong and suitable. 

The models ignore possible changes in input and output prices that result from 

global changes in production but also presume a long-run stability ignoring short 

and medium term adjustment costs for a likely steadily changing climate. To 

account for adaptation in response to changes in climate the Ricardian approach 

(Mendelsohn et al., 1994) and Future Agricultural Resources Model (FARM) are 

developed. The FARM model mingles a global computable general equilibrium 

(CGE) model with geographic information system (GIS). 
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  Presented quantitative substantiation of the extent of climate impacts in 

developing countries are based on agronomic known production function studies. 

Watchfully restricted crop simulation experiments measures damages on crop 

growth due to deviation in climatic inputs such as temperature, precipitation and 

CO2. Economists emphasize that agronomic studies lean to overvalue negative 

climate impacts and undervalue positive impacts as they fail to account for 

adaptations that farmers continuously undertake in order to cope with climate 

pressures. These model studies disregard changes that farmers will compose to 

adapt to the new climatic conditions. 

 

3.4 THE VAR MODEL APPROACH 

In order to investigate the effects of the climatic changes on production 

abilities of major crops of Pakistan i.e. to analyze the effect of change in 

temperature and rainfall on crop productions and also to analyze the trends in the 

production of different major crops in Pakistan VAR model has been applied. 

Model was applied to check the sensitivity of agriculture crop production to 

climate change in Pakistan. VAR model more specifically was used in 

macroeconomics. VAR Model has also been used in climatic studies in Pakistan to 

counter the climatic impact assessments as well as forecasting intentions. Possible 

future changes in temperature and precipitation were analyzed which can affect the 

level of crop production in Pakistan (Janjua et al., 2011: Mahmood & Khalil, 

2013). Crop production in Pakistan showed response to changes in Climatic 

variables i.e. temperature, rainfall and humidity. 
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3.5 VECTOR AUTO REGRESSION MODEL (VAR)  

 VAR is an econometric model has been used mostly in macroeconomics to 

capture the relationship and independencies between important economic variables. 

Model does not depend greatly on economic theory with exception of variables to 

be included in the VARs. The model provides appropriate approach for forecasting. 

Christopher Sim and Letterman commended to use VAR model for forecasting 

rather than using structural equation model. VAR model are more like 

simultaneous equation models in which we consider several endogenous variables 

together. In VAR endogenous variables are described by its lagged or past values 

and the lagged values of all other endogenous variables in the model. Model does 

not contain any exogenous variable. Simple OLS estimation is done to estimate 

VAR (Gujrati, 2005).  

 

3.5.1 Advantages of the VAR Model: 

VAR techniques are superior to that of simple linear statistical model 

because the constituent parts (endogenous and descriptive changeable) are 

supposed to interact. For this reason the VAR model give the impression of being 

closer to economic actuality. While comparing VAR’s with structural simultaneous 

equations, VAR  model is at advantage because  variables do not need to provide  a 

priori and subjective limitation to make certain recognition which are not requisite 

(Sims,1980). Variables are identical on both sides of equalities, in every equation. 

OLS is a reliable and efficient estimator (Pindyck & Rubinfeld, 1997). 

 

 



61 
 

3.5.2 Critics for VAR Model: 

The VAR model is considered not free of criticism. It is considered as an a 

theoretical model which demonstrates the correlations in the data and does not 

presents particulars about the results of certain interventions in the economic 

procedure. Forecasts based on VAR are believed to be accurate in certain situation 

but it is not easy to identify such circumstances to evade errors. Our potential to 

completely jail the dynamics of the scheme being modeled deal with a danger 

because of the longer lags used. While estimating a large number of parameters 

model consumes a large number of degree of freedom which is considered as one 

of the weaknesses of the VAR (Pyndick & Rubinfeld, 1997). The presence of a 

number of lags of the same variable direct to estimate parameters not being 

statistically significant because the existence of the multicollinearity problem. 

Selection of the appropriate lag length of the VAR is a big challenge. For example, 

a three variable VAR model determines to use seven lags of every single variable 

there are going to be twenty one lags in every single equation and also a constant 

term which leads to the consumption of a large number of degree of freedom.  

VAR believe that all the variables should be stationary but if it does not 

happen then the data should be transformed by performing the first difference. The 

results from the transformed data are considered to be unsatisfactory so working 

the models in levels is recommended in spite that some of the series are not 

stationary. Results from the transformed data may be unsatisfactory (Harvey, 

1990). For investigating the causal relationship between different crop production 

with temperature, rain fall and other variables we will have to first inspect the 

likely presence of unit roots in the data to guarantee that the model built later is 
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stationary in terms of the variables used. If a time series has a unit root, the first 

differencing will make it stationary. The stationarity of each series was examined 

by engaging Augmented Dickey-Fuller unit root test in which we regressed each 

series of variables on its lagged value and lagged difference terms. The number of 

lagged differences included is determined by the Schwarz Information Criterion. 

VAR method was used to analyze the impact of climatic variables on wheat 

crop and also analyzed the future trends of climate change towards wheat 

production in Pakistan (Janjua etal., 2011). Different Ricardian studies have also 

evaluated the impact of climate change on agriculture production as the results vary 

from region to region studies showed that as the temperature increases crop 

production is affected negatively. Rain fall and other climatic activities also effect 

the crop production (Molua, 2009; Maraia and Karanja, 2007). 

 

3.6 GENERAL FORM OF VAR MODEL 

In association with Granger causality, VAR model runs a natural 

framework to test the Granger causality between each set of variables. VAR model 

estimates and describe the relationships and dynamics of a set of endogenous 

variables. 

For a set of ‘n’ time series variables  
 

Bt  = (B1t , B2t ,………,Bnt)
’
 a VAR model of order p (VAR (p)) can be written as: 

 

Bt  = C0 + C1Bt-1 + C2Bt-2 + C3Bt-3 +…… CpBt-p + €t 

Where, 

p= the number of lags to be used in the method. 

n= the number of variables to be used in the method. 
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Bt is an (n.1) vector containing each of the ‘n’ variables included in the VAR. 

C0 is an (n.1) vector of intercept terms. 

Cpis an (n.n) matrix of coefficients. 

€tis an (n.1) vector of error terms. 

In simple notation, VAR in standard form is: 

Zt= A0 + A1 Zt-j + εt 

Consider a two-variable VAR (1) with k=2. 

(1) yttttt zcyczbby   1121111210   

(2) zttttt zcycybbz   1221212120   

 

with ),0(..~ 2
iit dii   and 0),cov( zy     
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3.7 DETERMINATION OF LAG-LENGTH FOR VAR MODEL 

 A serious component in the specification of VAR models is to determine 

the lag length of the VAR model used. Many lag length selection criteria are 

defined by different authors like, but the present study will use the criteria’s like 
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Akaike Information Criterion (AIC) suggested by Akaike (1974) and Schwarz 

Criterion (SC) as suggested as Schwarz (1978) (Asteriou & Hall, 2008). 

 

3.8 STATIONARITY TEST FOR TIME SERIES 

Stationarity can be defined as: “A time series is said to be stationary if and 

only if, its mean and variance are both finite and independent of time, and their 

covariance’s does not grow over time”. 

Main characteristics of time series: 

 The mean value fluctuates around its constant long run mean 

 Variance is finite and is time invariant 

 Co variances remain constant overtime. 

 E( Zt)= constant for “t” 

 Var( Zt)= also constant for “t” 

 Cov (Zt , Zt+k) = constant for time “t” 

 

3.9 NON-STATIONARY TIME SERIES 

The mean and variance depends up on time and goes to infinity as time 

approaches to infinity. To make a time series stationary which was initially non 

stationary which is not stationary can be made stationary by differencing. 

Differencing is a popular and effective method of removing a stochastic trend from 

a series. 

3.10 TESTING OF STATIONARITY 

The series is supposed to exhibit   non-stationary when a time series has a 

unit root .Tests which can be used in order to check the stationarity. Unit root tests 
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are applied and if there is presence of unit root in the series, the most well-known 

of the unit root tests are the ones derived by Dickey and Fuller and described in 

Fuller (1976) and also Augmented Dickey-Fuller (ADF) or said-Dickey test has 

been mostly used 

3.10.1 Dickey-Fuller (DF) tests for Unit Root: 

Dickey and Fuller (1979, 1981) derived a phenomenon for testing 

stationary. The key insight was that testing non stationarity is equal to testing for 

the presence of unit root. 

Consider a simple AR (1) model: 

Zt = Ø Zt-1 + µt…………(R) 

Now if, 

Ø is equal to “1” then there is a uni root 

So null hypothesis is 

Ho: Ø = 1 

Alternative hypothesis 

H1: Ø < 1 

Equation R can also be written as  

Zt-  Zt-1 = Ø Zt-1- Zt-1 +  µt 

∆ Zt-1 =  (Ø- 1) Zt-1 +  µt 

∆ Zt-1 =  λZt-1 +  µt 

Where, 

λ=   (Ø- 1) 

Now the hypothesis becomes, 

λ= 0 
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Alternative hypothesis 

λ < 1 

Zt follows a pure random walk model 

3.10.2 Alternative Equations for Testing Unit Root: 

Drift and random walk. 

∆ Zt=δ1 + ∆Zt-1 +  µt 

Drift and linear time trend. 

∆ Zt=δ1 + δ2 t + ∆Zt-1 +  µt 

Where, δ1is a drift or constant term, δ1 is a time trend, and  ∆Zt is the first-order 

difference of the series zt. 

 

3.10.3 Augmented Dickey-Fuller (ADF) for Unit Root: 

Dickey-Fuller also used an augmented form of the Dickey-Fuller known as 

Augmented Dickey-Fuller (ADF) test to accommodate some forms of serial 

correlation and used for a larger and more complicated set of time series models. 

∆ Zt=δ1 + δ2 t + ∆Zt-1 +∑αi∆ Zt -1 +  µt 

Where, 

µt is a white noise error term. 

3.11 FUNCTIONAL FORM OF THE MODELS: 

 

The functional form of the models for major crops of our study are  as follows: 

Crop Production = f (Avg. Temperature, Avg. Precipitation, Avg. minimum 

temperature, Avg. Maximum temperature, Agriculture Loan, Fertilizers used, 

Cultivated Area, Water availability). 
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3.11.1 Functional Form for Wheat Crop 

Wheat Production= f (Avg. Temperature, Avg. Precipitation, Avg. minimum 

temperature, Avg. Maximum temperature, Agriculture Loan, Fertilizers used, 

Cultivated Area for Wheat Crop, Water availability). 

3.11.2 Functional Form for Maize Crop 

Maize Production= f (Avg. Temperature, Avg. Precipitation, Avg. minimum 

temperature, Avg. Maximum temperature, Agriculture Loan, Fertilizers used, 

Cultivated Area for Maize Crop, Water availability). 

3.11.3 Functional Form for Rice Crop 

Rice Production= f (Avg. Temperature, Avg. Precpitation, Avg. minimum 

temperature, Averg Maximum temperature, Agriculture Loan, Fertilizers used, 

Cultivated Area for Rice Crop, Water availability). 

3.11.4 Functional Form for Sugarcane Crop 

Sugarcane Production= f (Avg. Temperature, Avg. Precipitation, Avg. minimum 

temperature, Averg Maximum temperature, Agriculture Loan, Fertilizers used, 

Cultivated Area for Sugarcane Crop, Water availability). 

 

3.11.5 Functional Form for Cotton Crop 

Cotton Production= f (Avg. Temperature, Avg. Precipitation, Avg. minimum 

temperature, Averg Maximum temperature, Agriculture Loan, Fertilizers used, 

Cultivated area for  Cotton crop, Water availability). 

 

3.12 ECONOMETRIC FORM OF THE MODEL 

While evaluating our model empirically we used log transformation of the 

entire variables of Wheat, Rice, Maize, Sugarcane and Cotton models. They gave 
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us the best required results. In Rice Crop Econometric model we didn’t apply log 

transformation as it was providing more suitable result without transformation. 

PD ip = ß1+ß2 Avg.Tmpri + ß3  Avg.Raini + ß4 Agloani + ß5 Frti + ß6 

Lci + ß7 Watri + ß8 Avg. Min Temp + ß9 Avg. Max Temp + µi 

Where, 

PD   = Production of crops 

Avg.Tmp  = Avg.Temperature  

Avg.Rain  = Avg. Rainfall  

Agloan   = Agricultural loan 

Frti   = Fertilizer used 

Lc   =Land under crop growing for particular crop 

Watr   = Water availability 

Avg. Min Tmp = Avg. Min Temperature 

Avg. Max. Tmp = Avg. Max Temperature  

Avg.Rain  = Avg. Rainfall  

 

3.12.1 Econometric Form of the Model for Wheat Crop 

PD WHEAT = ß1+ß2 Avg.Tmpr WHEAT + ß3  Avg.Rain WHEAT + ß4 Agloani 

+ ß5 Frti + ß6 Lc WHEAT + ß7 Watri + ß8 Avg. Min Temp WHEAT + ß9 Avg. 

Max Temp WHEAT + µ 

3. 12.2 Econometric Form of the Model for Maize Crop 

 

PD MAIZE = ß1+ß2 Avg.Tmpr MAIZE + ß3  Avg.Rain MAIZE + ß4 Agloan 

MAIZE + ß5 Frti MAIZE + ß6 Lc MAIZE + ß7 Watr MAIZE + ß8 Avg. Min 

TempMAIZE + ß9 Avg. Max Temp MAIZE + µ 
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3. 12.3 Econometric Form of the Model for Rice Crop 

 

PD RICE = ß1+ß2 Avg.Tmpr RICE + ß3  Avg.Rain RICE + ß4 Agloan RICE + 

ß5 Frti RICE + ß6 Lc RICE + ß7 Watr RICE + ß8 Avg. Min TempRICE + ß9 Avg. 

Max Temp RICE + µ 

3. 12.4 Econometric Form of the Model for Sugarcane Crop 

 

PD SUGARCANE = ß1+ß2 Avg.Tmpr SUGARCANE + ß3  Avg.Rain SUGARCANE + 

ß4 Agloan SUGARCANE + ß5 Frti SUGARCANE + ß6 Lc SUGARCANE + ß7 Watr 

SUGARCANE + ß8 Avg. Min TempSUGARCANE + ß9 Avg. Max Temp 

SUGARCANE + µ 

 

3. 12.5 Econometric Form of the Model for Cotton Crop 

 

PD COTTON = ß1+ß2 Avg.Tmpr COTTON + ß3 Avg.Rain COTTON + ß4 Agloan 

COTTON + ß5 Frti COTTON + ß6 Lc COTTON + ß7 Watr COTTON + ß8 Avg. Min 

Temp COTTON + ß9 Avg. Max Temp COTTON + µ 

 

3.13 VAR MODEL FOR EACH CROP 

The VAR model selected for each crop is based on the values (AIC) and 

(SWC) which made us to select a model with appropriate lag lengths. The VAR 

Model with suitable Lag Length for each crop is as follows. 
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3.13.1  VAR Model for Wheat Crop: 

PD WHEAT = ß1 CRPT-1+ +ß2 Avg.Tempt-1  + ß3  Avg.RainT-1 +ß4  

AgloanT-1 + ß5  FrtT-1 +  ß6 Lc T-1 +  ß7  WatrT-1  +   ß8  Avg. Min TempT-1  

+  ß9  Avg. Max TempT-1  + µ 

 

3. 13.2  VAR Model for Maize Crop 

PD MAIZE = ß1 CRPT-1 +ß2 Avg.Tempt-1 +   ß3  Avg.RainT-1 +ß4  AgloanT-1  

+ ß5  FrtT-1  +  ß6 Lc T-1  +  ß7  WatrT-1  +  ß8  Avg. Min TempT-1  +  ß9  

Avg. Max TempT-1  + µ 

 

3. 13.3  VAR Model for Rice Crop 

PD RICE = ß1 CRPT-1+ ß2 CRPT-2 +ß3 Avg.Tempt-1  + ß4 Avg.Tempt-2 +   

ß5  Avg.RainT-1 + ß6  Avg.RainT-2 +ß7  AgloanT-1 + ß8  AgloanT-2 + ß9  FrtT-

1  + ß10 FrtT-2 +  ß11 Lc T-1  + ß12  Lc T-2 +  ß13  WatrT-1  + ß14  WatrT-2   ß15  

Avg. Min TempT-1 + ß16 Avg. Min TempT-2 +  ß17  Avg. Max TempT-1 +  

ß18 Avg. Max TempT-2 + µ 

 

3. 13.4  VAR Model for Sugarcane Crop 

PD SUGARCANE = ß1 CRPT-1+ +ß2 Avg.Tempt-1 +   ß3  Avg.RainT-1  +ß4  

AgloanT-1 + ß5 FrtT-1+  ß6 Lc T-1 +  ß7  WatrT-1  + ß8  Avg. Min TempT-1 +  

ß9  Avg. Max TempT-1 + µ 
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3. 13.5  VAR Model for Cotton Crop 

PD COTTON = ß1 CRPT-1+ß2Avg.Tempt-1 +  ß3  Avg.RainT-1+ß4 AgloanT-1+ 

ß5 FrtT-1  +  ß6Lc T-1  +  ß7  WatrT-1  + ß8  Avg. Min TempT-1 +  ß9  Avg. 

Max TempT-1 + µ 

3.14 DATA REQUIREMENT AND COLLECTION 

3.14.1 Dependent variable  

Dependent variable in the study used is production of all major crops. The 

production units were in thousand tones. 

3. 14.1.1 Major crops production data 

 Data for different major crop productions was made available from 

different versions of Economic Survey of Pakistan and Agriculture Statistics of 

Pakistan. Mainly the data will be expressed in thousand ton. 

3. 14.2 Independent variables 

The independent variables used in the study were both the climatic 

variables and economic variables. Following are the Climatic Variables.  

               ●     Average Temperature 

 Average Maximum Temperature 

 Average Minimum Temperature 

 Average Rainfall 

Other independent variables include the socioeconomic variables which are as 

follows. 

 Cultivated Area for each Crop 

 Fertilizer used 
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 Water Availability 

 Agriculture Loan 

 

3.15 DESCRIPTION OF THE DATA 

3. 15.1 Climatic Variable Data: 

3. 15.1.1   Temperature Data: 

 To evaluate the impact of temperature changes on crop productivity, the 

data regarding the temperature variables (Minimum Temperature, Maximum 

Temperature, Average Temperature) which is used as a main variable in the study, 

data was collected from selected stations of the metrological department and also 

from District Agriculture. Climatic data above mentioned variables were taken 

from only those meteorological stations where particular crops are grown. List of 

selected meteorological stations are shown below in table 3.1. Monthly data with 

Seasonal Averages of the major crops i.e. wheat rice, maize, sugarcane and cotton 

was used. Temperature units were in Celsius degree centigrade as it is the standard 

unit used and is also understandable easily. The data collected was from 1981 to 

2013 i.e. for the last thirty three years. 

 

 

3.15.1.2   Average Rainfall Data 

  In order to evaluate the impact of rainfall and humidity on crop 

productivity, the data regarding the rainfall variable also was used as a main 

variable for the study was collected from metrological department. Rainfall data of 

the particular crop was also taken for those areas where that crop was supposed to 
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be grown having a significant share towards total production of that crop. List of 

Selected Stations are shown above in table 3.1. Seasonal average rainfall was taken 

for each crop. Rainfall units were in millimeters as it is the standard unit used and 

is also understandable easily. The data collected ranges from 1981 to 2013 for last 

thirty three years. 

3.15.2 Non Climatic Variables: 

 Explanatory variables which are included in current study are Agricultural 

Loan, Fertilizers Used, Cultivated Area and Water Availability. Data of the above 

mentioned variables have been collected from data different editions of Economic 

Survey of Pakistan and also from the Agriculture Statistics of Pakistan. The data 

collected was on yearly basis. The data ranges from 1981 to 2013 i.e. for last thirty 

years three years. 
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Table 3.1 Selected Metrological Stations 

 

 

 

 

 

 

 

 

 

 

Crop Selected Metrological Stations on Basis of Crops 

Cultivated 

Wheat 

 

Sialkot, Sargodha, Peshawar, KhanPur, Muree, 

Multan, Mianwali, Lahore, Kotli, Kohat, Gujranwala, 

Jehlum, Islamabad, Ghari Dupatta, Faisalabad, D. I. 

Khan, Cherath, Bahawalpur, Bhawalnagar, Sibbi, 

Rohri, Nawabshah, Karachi, Jacobabad, Hyderabad, 

Chorr 

Rice Sialkot, Sargodha, Lahore, Faisalabad, Jacobabad, 

Hyderabad 

Sugarcane Sargodha, Multan, Badin, Lahore, Faisalabad, 

Bahawalpur, Bhawalnagar, Jacobabad 

Cotton 

 

Multan, Faisalabad, Bahawalpur, Bhawalnagar, 

Hyderabad, Nawabshah 

Maize Peshawar, Islamabad, Muzzafarabad, Gigit, Dir, 

Chitral, Quetta, Faislabad 
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Chapter 4 

RESULTS AND DISCUSSIONS 

 This chapter highlights some major findings of this research. An attempt 

has been made to extract outcomes from the analysis of the data and hence to 

present it in tabular form. The results have been obtained after data collection and 

their analysis.  

Researcher has put forwarded the VAR estimation results for the five major 

crops of Pakistan i.e. wheat, rice, maize, sugarcane and cotton. The estimation has 

been divided in separate sections according to each crop result.  Section 1 

discussed the VAR results of all major crops while section 2 discussed the 

simulation result up to year 2030. 

4.1 Descriptive statistics for Wheat crop 

Table 4.1 explained the descriptive statistics for wheat crop. The statistic 

summary contain information like mean, median, mode, standard deviation, 

minimum and maximum values of the all the variables of the study. 

4.2 UNIT ROOT TEST (ADF APPROACH) FOR WHEAT CROP 

VAR model has requirement of testing the stationary of all variables of the 

study. Therefore to check the stationary of the variables or either they may be 

integrated of some order is necessary. Time series data requires that mean and 

variance should be constant over time in order to extract statistical results 

admirable. For checking of the stationary the Augmented Dickey fuller (ADF) test 

has been used. The results of unit root are as follows. It is to be noted that we 
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operated using the VAR model at level not at first difference as according to 

(Gujrati, 2005) working VAR with first difference would give unreliable results. 

But before operating at levels unit root was checked and analysis was performed. 

This worked for all the crop estimations. Table 4.2 shows the result of Augmented 

Dickey fuller (ADF) unit root test results. The results showed that the majority of 

the variables are non stationary at conventional level of significance however the 

test statistics showed that variable Avg. Temperature, Avg.  Minimum 

Temperature, Avg. Maximum Temperature are stationary at first difference 

however fertilizer used, Wheat Production, Cultivated Area under crop, average 

Rainfall, water availability and fertilizer used are stationary at 1st difference. 

4.3 VAR RESULTS FOR WHEAT CROP PRODUCTION  

This section discusses the VAR estimation results of wheat crop in 

Pakistan. The cropping period for wheat is from November to April. The 

estimation results are presented in Table 4.3. It is evident from the results that 

though the t- statistics values of all the included variables are not statistically 

significant at conventional level of significant however the F statistic value of the 

model is very high and also statistically significant so the model is said to a best fit. 

The coefficient of determination R2 value is 0.965 and adjusted coefficient 

of determination R2 value is 0.95. Both the values are lying between 0 and 1 and 

also the both the values are very high which also shows the goodness of the fit of 

the model. 
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Descriptive Statistics of Wheat Crop 

Variables Mean Median Standard Deviation Minimum Maximum 

Area under Crop 
(000 hectares) 

8086.97 8170 547.0672 6984 9132 

Production          
(000 tonnes) 

17523.48 17002 4336.232 10882 25214 

Fertilizer off take     
( 000 n/tonnes) 

2521.636 2515 949.6693 1080 4360 

Credit Disbursed 
(Rs. Millions) 

74850.82 22373 91088.66 4020 293850 

Water availability 
(MAF) 

124.2794 130.85 13.53324 96.45 137.98 

Average 
Temperature 

16.25837 16.31657 0.726363 14.91 17.5 

Avg. Minimum 
Temperature 

9.515485 9.412014 0.576067 8.298333 10.5512 

Avg. Maximum 
Temperature 

21.84538 21.97167 0.80474 20.00722 23.15333 

Avg. Rainfall 30.11626 29.90833 8.881245 11.69389 45.15333 
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Table 4.2 ADF Unit Root Test 

S.No. Variables Stationary 

at Level 

Stationary 1st 

Difference 

Conclusion 

1 Avg. Temperature 0.000 - I (0) 

2 Avg. Min. Temperature 0.000 - I (0) 

3 Avg. Max. Temperature 0.000 - I (0) 

4 Avg. Rainfall - 0.0000 I (1) 

5 Water Availability - 0.0000 I (1) 

6 Fertilizer Used - 0.0000 I (1) 

7 Agriculture Loan - 0.0000 I (1) 

8 Cultivated Area - 0.0000 I(1) 

9 Wheat Production - 0.0000 I (1) 
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4.3.1 Lag Selection Criteria for Selecting Appropriate Model for Wheat Crop 

Akike AIC and Schwarz Sc values of the data made us to take a VAR 

model of lag one in spite of Lag two. Because the values of the both the criterion 

for lag one model is smaller than the lag two model. We were unable to run a lag 

three model because the number of variables to be estimated becomes increasingly 

more the number of observations violating the assumptions of the Ordinary least 

square. 

Table 4.3 showed that Average maximum temperature has a negative effect 

on wheat crop production in lag one. One percent change in maximum temperature 

variable will decrease wheat production by 1.5 percent while average minimum 

temperature has positive impact on wheat production in previous lag. One percent 

change in minimum temperature variable will increase wheat production by 1.06 

percent. Average rainfall has a negative impact on wheat production in previous lag 

one. Average temperature has positively affected wheat production in previous lag. 

One percent change in average rainfall variable will decrease wheat production by 

0.02 percent. Water availability also contributed positively toward wheat 

production. The non climatic variables credit disbursed and cropped area positively 

added to the wheat productions in previous lags. 

4.3.2 Impulse response functions of the wheat production 

  The function of Cholskey impulse response function is to check the effect 

of a single time shock to the innovations on endogenous variables future and 

present values.  
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Table 4.3.Result of VAR Model for Wheat Crop 

 PR AU FR CD WA AT ATX ATM ARN 

PR(-1) 0.018781 0.044083 0.320155 0.492184 0.081000 0.034999 0.080811 -0.026117 -1.122277 

 [ 0.10053] [ 0.70059] [ 1.05731] [ 0.84137] [ 0.94920] [ 0.36186] [ 0.84158] [-0.20642] [-1.08358] 

AU(-1) 0.394250 0.483271 -0.107050 -2.200592 0.173905 0.000142 0.027021 -0.232280 -0.641055 

 [ 0.86439] [ 3.14585] [-0.14480] [-1.54081] [ 0.83471] [ 0.00060] [ 0.11526] [-0.75195] [-0.25352] 

FR(-1) -0.172522 -0.151865 0.427553 0.686785 0.164279 0.034003 -0.043069 0.183893 0.827960 

 [-0.91275] [-2.38549] [ 1.39557] [ 1.16038] [ 1.90274] [ 0.34747] [-0.44332] [ 1.43652] [ 0.79012] 

CD(-1) 0.114952 0.037238 0.070162 0.882128 -0.041998 0.031142 0.031294 0.027134 -0.072410 

 [ 3.13179] [ 3.01210] [ 1.17932] [ 7.67505] [-2.50493] [ 1.63879] [ 1.65873] [ 1.09151] [-0.35584] 

WA(-1) 1.061891 0.337536 0.613196 -0.987431 0.463135 -0.102238 -0.023021 -0.158012 -0.597887 

 [ 3.18116] [ 3.00218] [ 1.13334] [-0.94468] [ 3.03740] [-0.59159] [-0.13418] [-0.69893] [-0.32307] 

AT(-1) 0.404080 -0.969590 -6.941520 -4.898780 -0.296375 -0.392336 -0.893185 -1.433518 24.20495 

 [ 0.18021] [-1.28385] [-1.90996] [-0.69771] [-0.28936] [-0.33797] [-0.77499] [-0.94397] [ 1.94713] 

ATX(-1) -1.501335 0.211799 3.465223 2.241259 0.459764 0.663269 0.959604 1.371759 -20.75348 

 [-0.84269] [ 0.35296] [ 1.19998] [ 0.40175] [ 0.56495] [ 0.71908] [ 1.04791] [ 1.13685] [-2.10115] 

ATM(-1) 1.063356 0.542055 2.582821 1.452154 0.071928 -0.419549 -0.259868 -0.149858 -3.838766 

 [ 1.52796] [ 2.31254] [ 2.28973] [ 0.66638] [ 0.22627] [-1.16444] [-0.72649] [-0.31795] [-0.99495] 

ARN(-1) -0.029830 0.006998 -0.110639 -0.054720 0.018548 -0.005495 -0.018387 0.016773 0.318552 

 [-0.73779] [ 0.51387] [-1.68826] [-0.43221] [ 1.00430] [-0.26251] [-0.88478] [ 0.61253] [ 1.42113] 

C 2.265766 4.195894 1.848851 19.43849 -1.409317 2.360931 2.349190 3.692832 21.36441 

R2 0.965541 0.941514 0.963390 0.986333 0.962222 0.721973 0.604101 0.742680 0.423660 

Adj. R2 0.951444 0.917588 0.948414 0.980741 0.946768 0.608235 0.442142 0.637413 0.187884 

F-Statistics 68.49262 39.35114 64.32605 176.4067 62.26173 6.347671 3.729971 7.055198 1.796878 

Schwarz 
Criterion SWC 

-2.722462 -4.898918 -1.756553 -0.439553 -4.289548 -4.039083 -4.053546 -3.501834 0.702969 

Akaike AIC -2.264420 -4.440875 -1.298510 0.018489 -3.831506 -3.581040 -3.595504 -3.043792 1.161011 

Durbin Watson 
1.872 

Values in [ ] are “t” statistics
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Table 4.4.Table of Impulse Response for Wheat Production 

 

 

 

 Period PR AU FR CD WA AT ATX ATM ARN 

 1  0.054731  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

 2  0.002830 -0.001530 -0.015437 -0.006470  0.009468  0.004951 -0.024987  0.014242 -0.006833 

 3  0.006132  0.001711  0.039827  0.008309  0.005991 -0.003507 -0.004529 -0.002294  0.015669 

 4  0.009591 -0.000234  0.028579  0.004136  0.004396 -0.009829 -0.006093  0.011993 -0.006547 

 5  0.005869 -0.003321  0.032403  0.002203  0.009249 -0.005933 -0.005386  0.018553 -0.006759 

 6  0.005687 -0.004749  0.036553  0.001500  0.013862 -0.008847 -0.001166  0.021007 -0.007733 

 7  0.005277 -0.005530  0.034412 -0.002485  0.017120 -0.008323 -0.000634  0.024108 -0.009906 

 8  0.004483 -0.005147  0.033676 -0.006074  0.019984 -0.007622  0.000186  0.024723 -0.009378 

 9  0.004150 -0.004065  0.031691 -0.009761  0.021870 -0.007279  0.000467  0.024503 -0.008836 

 10  0.003721 -0.002673  0.028896 -0.013420  0.022995 -0.006617 0.0000169  0.023717 -0.007820 
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Figure 4.1 Figure of Impulse Response for Wheat Production 
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4.3.2.1 Response of Wheat Production to Wheat Production 

In table 4.4 the impulse response function of wheat production showed that 

a unit shock in wheat production will not die out throughout the ten periods. 

Results showed that a shock of one standard deviation in wheat production in 1st 

period increases the wheat production up to 5.4731points, in second period a one 

standard deviation chock also produces a positive impact and increases wheat 

production up to 0.2830 points. This increase is lower as compared to the first 

period. In third period the wheat production increases to 0.6132 points which is 

greater than the second period. In all other periods from period four to period ten 

every single shock has an increasingly positive impact on production of wheat 

crop. 

4.3.2.2 Response of Wheat Production to Fertilizer Used 

Table 4.4 showed the impulse response function of fertilizer and wheat 

production. A unit shock in wheat production will die out in second period but after 

then it will not die out throughout the ten periods. Results showed that a shock of 

one standard deviation in fertilizer used in 1st period creates no change in wheat 

production while in second period a one standard deviation shock produces a 

negative impact and increases wheat production up to 1.543 points. In period three 

one standard deviation shock increased wheat production up to 3.9827 points. In 

period four and five the wheat production increases up to 2.8579 and 3.2403 points 

respectively. In period six the wheat production increases more up to 3.655 points. 

In period ten the wheat production increases but increase less from period six up to 

point 2.899. 
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4.3.2.3 Response of Wheat Production to Credit Disbursed 

Table 4.4 showed the impulse response function of wheat production to 

credit disbursed. A unit shock in credit disbursed has no impact in period one. In 

period two it will die out and again become positive up to period six. From period 

seven to period ten it again dies out showing that utilizing of the credit is not 

contributing positively towards wheat production however showing utilization of 

credit in other then agriculture production activities. 

4.3.2.4 Response of Wheat Production to Water Availability: 

Table 4.4 showed the impulse response function of wheat production to 

water availability. A unit shock in water availability has no impact in period one. 

However in period two one standard deviation shock in water availability increases 

wheat production up to point 0.9468 points. In periods three, four and five one 

standard deviation shock increased wheat production up to 0.591, 0.4396, 0.9249 

points respectively. In period six a shock of one standard deviation increases wheat 

production up to point 1.386 points which is more than the previous period. The 

wheat production doesn’t die down in all the ten periods. In period ten one standard 

deviation shock increases wheat production up to 2.3 points which more than all 

the previous periods is showing that water availability is significantly adding more 

towards wheat production in increasing years. 

4.3.2.5 Response of Wheat Production to Average Temperature 

Table 4.4 showed the impulse response function of wheat production to 

average temperature. A unit shock in average temperature has no impact in period 

one. However it dies down in period three and then become persistent and never 
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becomes positive. In period three one standard deviation shock in average 

temperature decreases wheat production up to point 0.35 points. All the other 

shocks from period four to period ten creates a negative effect on wheat production 

but the negative impacts become less dominant in period ten. However after period 

three every shock in average temperature has created a negative impact on wheat 

production. 

4.3.2.6 Response of Wheat Production to Average Maximum Temperature: 

Table 4.4 showed the impulse response function of wheat production to 

average maximum temperature. A unit shock in average maximum temperature has 

no impact in period one. It is clear that one standard deviation shock in average 

maximum temperature from period two to period seven decreases the wheat 

production however from period seven to period nine the wheat production again 

increases. One standard deviation shock in average maximum temperature in 

period eight and nine increases wheat production up to point 0.00186, 0.00467.in 

period ten one standard deviation shock again decrease wheat production up to 

point 0.0000169. This decrease in wheat production after period eight and nine is 

not significantly negative but a slight negative. So it is clear the wheat production 

decreases in first seven shocks and then increase and ends up with slight negative. 

4.3.2.7 Response of Wheat Production to Average Minimum Temperature: 

Table 4.4 showed the impulse response function of wheat production to 

Average minimum temperature. A unit shock in average minimum temperature has 

no impact in period one. One standard deviation shock in average minimum 

temperature in period two increases wheat production up to point 1.42 points. In 
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period three one standard deviation shock decreased wheat production up to point 

0.229 points. The again fourth period shock increases wheat production up to point 

1.193 points. All the other shocks up to period ten increased the wheat production. 

The eighth shock creates a maximum increase in wheat production up to point 

2.472 points. 

4.3.2.8 Response of Wheat Production to Average Rainfall 

Table 4.4 showed the impulse response function of wheat production to 

Average rainfall. A unit shock in average rainfall has no impact in period one. A 

unit shock in period two increases wheat production up to 0.6833 points. In period 

three unit shock decreased wheat production up to point 1.5669. After period three 

i.e. period four to period ten a unit shock in average rainfall has decreased the 

wheat production. In period nine and ten a unit shock in average rainfall decreased 

wheat production up to point 0.0883 points and 0.7820 points. It is evident from the 

results that after period two every single shock in average rainfall has lead to a 

decrease in wheat production. 

4.3.3 VARIANCE DECOMPOSITION FOR WHEAT CROP 

The function of variance decomposition is to divide the variations on the 

endogenous variables in to components shocks to the VAR. Table 4.5 shows the 

variance decomposition of the wheat crop. 

4.3.3.1 Percent Variation in Wheat Productivity due to Variation in Fertilizer 

Table 4.5 showed the variance decomposition of wheat production to 

fertilizer use. 
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Table 4.5  Variance Decomposition for Wheat Crop Production 

 Period S.E. PR AU FR CD WA AT ATX ATM ARN 

 1  0.054731  100.0000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

 2  0.065376  70.27397  0.054802  5.575755  0.979302  2.097221  0.573507  14.60762  4.745535  1.092285 

 3  0.079305  48.35397  0.083769  29.00990  1.763310  1.995822  0.585272  10.25303  3.308632  4.646291 

 4  0.086919  41.47109  0.070463  34.96060  1.694382  1.917231  1.765962  9.026839  4.658166  4.435266 

 5  0.095890  34.44919  0.177825  40.14424  1.444985  2.505687  1.833831  7.732345  7.570829  4.141068 

 6  0.106588  28.16557  0.342411  44.25086  1.189268  3.719278  2.173070  6.270009  10.01166  3.877872 

 7  0.116841  23.64307  0.508954  45.49942  1.034944  5.242082  2.315825  5.220786  12.58897  3.945951 

 8  0.126595  20.26579  0.598826  45.83527  1.111840  6.957388  2.335212  4.447548  14.53799  3.910139 

 9  0.135534  17.77434  0.612398  45.45564  1.488670  8.673549  2.325749  3.881381  15.95188  3.836394 

 10  0.143533  15.91563  0.580723  44.58336  2.201526  10.30035  2.286245  3.460823  16.95383  3.717509 
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Figure 4.2 Variance Decomposition for Wheat Crop Production 
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In period one there is no percentage variation in wheat production due to 

variation in fertilizer used. In period two variations in fertilizer used brings about 

5.5 percent variations in wheat production. In period three, four and five percent 

variation in wheat production increased to 29, 34 and forty percent. In period eight 

the percent variations in wheat production due to variation in fertilizer used 

become maximum at 45.8 percent. In period nine and ten it then again starts 

decreasing and percent variation becomes 45.4 and 44.5 percent. Figure 4.2 showed 

that overall variation in wheat production due to variation in fertilizer used increase 

mostly over the ten periods. 

4.3.3.2 Percent Variation in Wheat Productivity due to Variation in Credit 

Disbursed 

Table 4.5 showed the variance decomposition of wheat production to credit 

disbursed. In period one there is no percentage variation in wheat production due to 

variation in credit disbursed. In period two variations in credit used brings about 

0.97 percent variations in wheat production and in period three it became 1.7 

percent. From period four to period seven percent variation in wheat production 

decreased however in period ten there was a 2.2 percent variation showed due to 

credit utilization. 

4.3.3.3 Percent Variation in Wheat Productivity due to Variation in Water 

Availability 

Table 4.5 showed the variance decomposition of wheat production to water 

availability. In period one there is no percentage variation in wheat production due 

to variation in water availability. In period two percentage variations are about 2.09 
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which decreased to 1.99 and 1.09 percent in period three and four. After period 

three and four percentage variation in wheat production due to variation in water 

availability increases. In period ten percentage variations in wheat production 

becomes highest about 10.3 percent. Overall throughout the ten periods water 

availability produced significant percentage change in wheat production. 

4.3.3.4 Percent Variation in Wheat Productivity due to Variation in Average 

Temperature 

Table 4.5 showed the variance decomposition of wheat production to 

average temperature. In period one there is no percentage variation in wheat 

production due to variation in average temperature. In periods two and three the 

percent variation in wheat production is not high but increase in coming periods. In 

period eight the percent variation in wheat production becomes highest at 2.3 

percent. The variation in average temperature throughout the ten periods does not 

produced significant percent variation in wheat production. 

4.3.3.5 Percent Variation in Wheat Productivity due to Variation in Average 

Maximum Temperature 

Table 4.5 showed the variance decomposition of wheat production to 

average maximum temperature. In period one there is no percentage variation in 

wheat production due to variation in average maximum temperature. In period two 

variation in average maximum temperature showed a 14 percent variation in wheat 

production which decreased to 10 percent in period two. From period three to 

period ten percent variation in wheat production decreased with a constant 

decreasing trend and ends up bringing only 3.4 percent variation in last period. 
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4.3.3.6 Percent Variation in Wheat Productivity due to Variation in Average 

Minimum Temperature 

Table 4.5 showed the variance decomposition of wheat production to 

average minimum temperature. In period one there is no percentage variation in 

wheat production due to variation in average minimum temperature. average 

minimum temperature brings about 4.7 percent variation in period which increased 

up to 7.57 percent in period five however in period six it became 10 percent. From 

period six to period ten, percent variation in wheat production increased with 

increasing trend. In period average minimum temperature brings about 17 percent 

variations in wheat production. 

4.3.3.7 Percent Variation in Wheat Productivity due to Variation in Average 

Rainfall 

Table 4.5 showed the variance decomposition of wheat production to 

average rainfall. In period one there is no percentage variation in wheat production 

due to average rainfall. In period two variations in average rainfall bring about 

1.092 percent variations in wheat production which increased to 4.646 percent in 

period three. In period four it becomes 4.435 percent. From period five to period 

ten percent variation in wheat production decreased and ends up with 3.717 percent 

in last period.  

4.3.3.8 Percent Variation in Wheat Productivity due to Wheat Production & 

Cultivated Area under Wheat Crop 

Table 4.5 showed the variance decomposition of wheat production to wheat 

production. In period one there is 100 percent variation in wheat production due to 
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itself. But in other periods percentage variation in production due to itself 

decreased through out to the last period. In last period percent variation in wheat 

production due to itself ends up with 15.9 percent while on the other side variation 

in area under the crop does not produced significant variation in wheat production. 

The highest of the variation was in period 9 which was 0.69 percent. 

 Form table 4.3, 4.4 and fig 4.1 & fig 4.2 it is clear that average minimum 

temperature has a positive impact on wheat crop. the results from impulse response 

function and variance decomposition showed that minimum temperature will effect 

wheat production positively, as in tenth period average minimum temperature 

brought about 17 percent variation in wheat crop. Average maximum temperature 

has overall negative impact on wheat production as shown by impulse response 

function, however variance decomposition showed variation of about 14 percent in 

period two where average maximum temperature was having a negative impact 

while in ninth period the negative effects being started eliminating and becomes 

positive showing a variation of approximately 4 percent, safeguarding wheat 

production from the negative impact of increasing maximum temperature. Like 

average maximum temperature, increasing average temperature will also affect 

wheat productions adversely. From the above result it is evident that proper 

policies which can control temperature escalations and damages are needed. 

(Naveed & Samina, 2013) also found the negative effect of temperature while 

(Janjua et al., 2011) concluded that temperature component will effect wheat 

production positively. (Vahab et al., 2013) also presented that increasing 

temperature will effect wheat crop negatively. (Huang & Khana., 2010) also 

confirmed that temperature increase will reduce wheat crop yield.  In period seven 
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there is about 3 percent variation in wheat production. Overall negative impact 

dominated in later period showing that the increase of average temperature will 

have severe effects in long run. Water available to wheat crop in particular crop 

season showed positive impacts. In long run i.e. in period ten, water available 

bought about a maximum variation of ten percent in wheat production hence timely 

availability of water will enhance wheat productions in future. Average rainfall 

showed declining impacts of increasing rainfalls in future time periods. Increasing 

Rainfall has a positive impacts in initial period however increasing rainfall in later 

time periods effected wheat production negatively. (Siddiqui et al., 2013) found 

negative impacts of increasing rainfall on wheat production both in long and short 

run. (Shakoor et al., 2011) also found negative effects of increasing temperature on 

wheat crop. Increasing rainfall in period two bought about 5 percent variation. 

Overall in later periods increasing rainfall will have negative impacts. Fertilizer 

application also showed a positive impact causing a variation of about 46 percent in 

eight time period. Credit availability impacts were studied not positive in later 

periods and also not showed significant variations in wheat productions. Any shift 

in policy investment can have significant impacts on the affects of climate stress. 

4.4 VAR RESULTS FOR MAIZE CROP 

 This section discusses the VAR estimation results of maize crop in 

Pakistan. The cropping period for maize is February to June and from august to 

October. The estimation results are presented in Table 4.6. It is evident from the 

results that though the t- statistics values of all the included variables are not 

statistically significant at conventional level of significant however the F statistic 

value of the model is very high and also statistically significant so the model is said 
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to a best fit. The coefficient of determination R2 value is 0.980 and adjusted 

coefficient of determination R2 value is 0.972. Both the values are lying between 0 

and 1 and also the both the values are very high which also shows the goodness of 

the fit of the model. 

4.4.1Descriptive statistics for Maize crop 

Table 4.7 explained the descriptive statistics for maize crop. The statistic 

summary contain information like mean, median, mode, standard deviation, 

minimum and maximum values of the all the variables of the study. 

4.4.2 Unit Root Test (ADF Approach) for Maize Crop 

Table 4.7 shows the result of Augmented Dickey fuller (ADF) unit root test 

results. The results showed that the majority of the variables are non stationary at 

conventional level of significance however the test statistics showed that variable 

Avg. Temperature, Avg.  Minimum Temperature, Avg. Maximum Temperature are 

stationary at first difference however fertilizer used, Wheat Production, Cultivated 

Area under crop, average Rainfall, water availability and fertilizer used are 

stationary at 1st difference.  

4.4.3 Lag Selection Criteria for Selecting Appropriate Model 

Akike AIC and Schwarz Sc values of the data made us to take a VAR 

model of lag one in spite of Lag two. Because the values of the both the criterion 

for lag one model is smaller than the lag two models. We were unable to run a lag 

three model because the number of variables to be estimated becomes increasingly 

more the number of observations violating the assumptions of the Ordinary least 
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square .so we rely on using the lag 1 model. the AIC & SWC value for our model 

is -1.91 and -1.459 which made us to select this model and making this model more 

parsimonious. So Lag one model was more suitable amongst the other lag models. 

The Durbin Watson value for the model is 1.70 showing presence of no auto 

correlation in the model. 
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Table 4.6 VAR Results for Maize Crop  

 values in [ ] are “t” statistics 

 PR AU FR CD WA AT ATX ATM ARN 

PR(-1) 0.815561 -0.014461 -0.155412 0.427343 -0.186023 0.033316 0.105080 -0.021607 0.410611 

 [ 3.67465] [-0.17781] [-0.71623] [ 0.96212] [-3.16580] [ 0.63227] [ 1.41048] [-0.36635] [ 0.93309] 

AU(-1) -1.161449 0.166310 -0.112616 -0.895502 0.354180 0.005050 -0.127860 0.310401 -1.929312 

 [-1.63431] [ 0.63867] [-0.16208] [-0.62964] [ 1.88240] [ 0.02993] [-0.53599] [ 1.64358] [-1.36921] 

FR(-1) 0.136825 0.059538 0.349670 0.849321 0.181271 0.140064 0.165397 0.071762 -0.791553 

 [ 0.50366] [ 0.59812] [ 1.31655] [ 1.56219] [ 2.52031] [ 2.17163] [ 1.81379] [ 0.99404] [-1.46955] 

CD(-1) 0.099060 0.019503 0.194896 0.665378 0.034575 -0.030614 -0.051591 -0.018577 0.101071 

 [ 1.05554] [ 0.56714] [ 2.12416] [ 3.54270] [ 1.39153] [-1.37401] [-1.63771] [-0.74489] [ 0.54317] 

WA(-1) 0.265116 0.264241 1.094395 -0.884768 0.340067 -0.204506 -0.173320 -0.181092 2.083655 

 [ 0.42329] [ 1.15139] [ 1.78725] [-0.70587] [ 2.05080] [-1.37530] [-0.82440] [-1.08802] [ 1.67788] 

AT(-1) 1.378581 0.592217 -5.317011 -4.539368 -0.466182 0.664740 0.564469 -0.669054 2.539682 

 [ 0.62321] [ 0.73065] [-2.45856] [-1.02539] [-0.79600] [ 1.26574] [ 0.76021] [-1.13815] [ 0.57905] 

ATX(-1) -0.815705 -0.863347 2.879822 0.599120 0.004626 -0.506208 -0.267875 0.301939 -0.475393 

 [-0.80488] [-2.32490] [ 2.90651] [ 0.29540] [ 0.01724] [-2.10386] [-0.78744] [ 1.12112] [-0.23658] 

ATM(-1) -0.335051 0.154419 1.305390 3.885749 0.233255 -0.186935 -0.218208 0.201915 -2.356074 

 [-0.23757] [ 0.29882] [ 0.94674] [ 1.37673] [ 0.62469] [-0.55829] [-0.46093] [ 0.53875] [-0.84256] 

ARN(-1) 0.022978 -0.034310 -0.057496 -0.340565 0.049091 -0.079740 -0.053906 -0.100620 0.390407 

 [ 0.20201] [-0.82321] [-0.51703] [-1.49609] [ 1.63015] [-2.95277] [-1.41185] [-3.32881] [ 1.73108] 

C 5.233447 4.677101 3.202989 7.267202 0.985253 3.572010 2.884596 2.919652 7.868363 

R2 0.980767 0.934978 0.970225 0.987520 0.971630 0.671299 0.601637 0.615756 0.393323 

Adj. R2 0.972898 0.908378 0.958045 0.982415 0.960024 0.536830 0.438671 0.458565 0.145138 

F-Statistics 124.6488 35.14950 79.65367 193.4275 83.71899 4.992226 3.691781 3.917248 1.584794 

Schwarz 
Criterion SWC 

-1.918037 -3.925990 -1.963207 -0.530461 -4.575938 -4.793912 -4.101285 -4.568475 -0.549072 

Akaike AIC -1.459995 -3.467948 -1.505164 -0.072418 -4.117895 -4.335870 -3.643243 -4.110432 -0.091029 

Durbin Watson 1.70 
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Table 4.6 showed that Average maximum temperature has a negative effect on 

maize crop production in lag one. One percent change in maximum temperature 

variable will decrease maize production by 0.815 percent. Average minimum 

temperature has also a negative impact on maize production in previous lag. One 

percent change in minimum temperature variable will decrease maize production 

by 0.33 percent. Average rainfall has a positive impact on maize production in 

previous lag one. Average temperature has positively affected wheat production in 

previous lag. One percent change in average rainfall variable will increase maize 

production by 0.022 percent. Water availability also contributed positively toward 

maize production. The non climatic variables credit disbursed and cropped area 

positively added to the maize productions in previous lags. 

4.4.4 Impulse Response Functions of the Maize Production: 

4.4.4.1  Response of Maize Production to Maize Production: 

In Table 4.9 and Fig 4.3 the impulse response function of maize production 

to maize production showed that a unit shock in maize production will not die out 

throughout the ten periods. Results showed that a shock of one standard deviation 

in maize production in 1st period increases the maize production up to 8.183 points, 

in second period a one standard deviation chock also produces a positive impact 

but lesser than the first shock and increases maize production up to 5.440 points. In 

third period the wheat production increases to 4.601 points which is greater than 

the second period. In period five, six and seven one standard deviation shock in  
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Table 4.7 Table Descriptive Statistics of Maize Crop 

Descriptive Statistics of Maize Crop 

Variables Mean Median Standard Deviation Minimum Maximum 

Area under Crop 
(000 hectares) 

913.8182 933 92.9834 739 1087 

Production          
(000 tonnes) 

1926.6667 1504 1092.249 930 4631 

Fertilizer off take     
( 000 n/tonnes) 

2521.6364 2515 949.6693 1080 4360 

Credit Disbursed 
(Rs. Millions) 

74850.8182 22373 91088.66 4020 293850 

Water availability 
(MAF) 

124.2794 130.85 13.5333 96.45 137.98 

Average 
Temperature 

23.00884 23.0928 0.6496 21.8786 23.9322 

Avg. Minimum 
Temperature 

15.3222 15.3393 0.5532 14.0482 16.3322 

Avg. Maximum 
Temperature 

30.4472 30.5375 0.8852 29 31.9393 

Avg. Rainfall 76.0044 77.6536 12.7436 51.1553 95 
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Table 4.8   Unit Root Results of Maize Crop 

S.No. Variables Level 1st Difference Conclusion 

1 Avg. Temperature 0.0000 -  I (0) 

2 Avg. Minimum 
Temperature 

0.0000  - I (0) 

3 Avg. Maximum 
Temperature 

 - 0.0000 I (1) 

4 Avg. Rainfall  - 0.0000 I (1) 

5 Water Availability  - 0.0000 I (1) 

6 Fertilizer Used  - 0.0000 I (1) 

7 Agriculture Loan  - 0.0000 I (1) 

8 Maize Production  - 0.0000 I (1) 

9 Cultivated  Area  - 0.0000 I(1) 
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Table 4.9 Impulse Response Function of Maize 

 Period PR AU FR CD WA AT ATX ATM ARN 

 1  0.081830  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

 2  0.054407 -0.033950  0.014273  0.005633  0.006435  0.004136  0.000398 -0.007285  0.003255 

 3  0.046077 -0.044889  0.032754  0.016411  0.000828  0.000821 -0.002502 -0.000777  0.004134 

 4  0.047928 -0.041481  0.037816  0.030830 -0.001333 -0.003013 -0.002720  0.011839 -0.001241 

 5  0.052759 -0.028377  0.039510  0.043563 -0.003104 -0.003593 -0.000176  0.023157 -0.006052 

 6  0.056698 -0.014002  0.038567  0.050775 -0.003094 -0.002807  0.003298  0.030297 -0.011313 

 7  0.057623 -0.002023  0.037730  0.052953 -0.002170 -0.001849  0.006257  0.033623 -0.014661 

 8  0.055562  0.006493  0.037050  0.051919 -0.000506 -0.001605  0.008177  0.034603 -0.016115 

 9  0.051360  0.012413  0.036568  0.049547  0.001415 -0.002050  0.009229  0.034528 -0.015931 

 10  0.046006  0.016847  0.035983  0.046901  0.003347 -0.002889  0.009788  0.034108 -0.014867 
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Fig 4.3 Impulse Response Function for Maize Crop 
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maize production increases maize production more than the previous periods and 

reaches up to point 5.275. in period eight one standard deviation shock again 

increases wheat production up to point 5.556 which is still positive but lower than 

the seven period. This positive impact of shock of maize production on itself 

remains till the tenth period and never dies down. 

4.4.4.2 Response of Maize Production to Cultivated Area for Maize Crop 

In Table 4.9 and Fig 4.3 the impulse response function of maize production 

to cultivated area for wheat crop showed that a unit shock in maize production will 

die out in period two and again becomes positive in period eight. In period eight 

one standard deviation shock in area under maize crop increased maize production 

up to point 0.6493. in period nine shock of one standard deviations also created 

positive impact and increases up to point 1.24 points as evident from figure 4.3. In 

tenth this positive impact increases and reaches up to point 1.684 points. 

4.4.4.3 Response of Maize Production to Fertilizer used for Maize Crop 

In Table 4.9 & Fig 4.3 the impulse response function of maize production to 

fertilizer used showed that a unit shock in fertilizer used in period one has no effect 

in period one. However it will have a positive impact in period one and increases 

maize production up to point 1.427. one standard deviation shock in period five 

increase wheat production up to 3.95 points which is more the all the previous 

period and creates a positive impact on maize production. This positive effect 

remains for the remaining period. In period ten one standard deviation shock 

increased maize production up to point 3.598, which also shows positive effect of 

fertilizer used on maize production. 
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4.4.4.4 Response of Maize Production to Credit Disbursed for Maize Crop 

In Table 4.9 and Fig 4.3 the impulse response function of maize production 

to credit disbursed used showed that a unit shock in credit disbursed in period one 

has no effect in period one. However it will have a positive impact in period two 

and increases maize production up to point 0.05633 points. In period two a unit 

shock in credit disbursed increased maize production up to point 1.641 points. In 

period three a unit shock in credit disbursed creates a more positive impact as 

compared to previous period and increases maize production up to 3.08 points. In 

period seven a unit shock in credit disbursed increased maize production up to 

point 5.295 points which is more than all the previous periods. The positive impact 

remains for a unit shock till the tenth period. 

4.4.4.5 Response of Maize Production to Water Availability for Maize Crop 

In Table 4.9 and Fig 4.3 the impulse response function of maize production 

to water availability showed that a unit shock in water availability in period one has 

no effect in period one. However it dies down and become negative in period four 

till period seven and again becomes positive and creates a positive impact on maize 

production from period eight to period ten. In period eight one standard deviation 

shocks creates a positive impacts and increases maize production up to point 

0.1415. In period nine and ten one standard deviation shock water availability also 

creates a positive impact and increases maize production up to 0.1415 and 0.03347 

points. 
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4.4.4.6 Response of Maize Production to Average Temperature 

In Table 4.9 and Fig 4.3 the impulse response function of maize production 

to average temperature showed that a unit shock in average temperature has no 

effect in period one. In period two and three one standard deviation shock creates a 

positive impact and increase maize production up to 0.413 and 0.082 points. 

However this positive impact dies down in period four and creates a negative 

impact on wheat production. This negative impact created is carried out for each 

unit shock I all remaining period i.e. from period five to period ten. 

4.4.4.7 Response of Maize Production to Average Temperature Minimum: 

In Table 4.9 and Fig 4.3 the impulse response function of maize production 

to average temperature minimum showed that a unit shock in average temperature 

has no effect in period one. In period two and three one standard deviation shock 

creates a positive impact and increase maize production up to 0.0398 points. 

however this positive impact die down and becomes negative in period three and 

remains till period five where unit shock in average minimum temperature has a 

negative impact and decreases maize production. In period six one unit shock in 

average minimum temperature again has a positive impact and increases wheat 

production up to point 0.329 points. In period seven unit shocks creates a positive 

impact and increases wheat production up to point 0.0625. This increase is more 

than the previous period. This positive impact remains till the tenth period. It is 

evident from the figure 4.3 that positive effect dominates i.e. increase in average 

minimum temperature increased maize production. 
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4.4.4.8 Response of Maize Production to Average Temperature Maximum 

In Table 4.9 and Fig 4.3 the impulse response function of maize production 

to average temperature maximum showed that a unit shock in average temperature 

has no effect in period one. In period two unit shock dies down and becomes 

negative and remains till period three where unit shock in average maximum 

temperature has a negative impact and decreases maize production. In period four a 

unit shock in average maximum temperature increased maize production up to 

point 1.183. In period eight one standard deviation shock in average temperature 

increased maize production up to point 3.46 points. This increase is more than all 

the previous period and this positive effect remains till the tenth period 

4.4.4.9 Response of Maize Production to Average Rainfall 

In Table 4.9 and Fig 4.3, the impulse response function of maize production 

to average rainfall showed that a unit shock in average rainfall has no effect in 

period one. In period a one standard deviation shock has appositive impact on 

maize production and increases wheat production up to 0.3255 points. In period 

two a unit shock also has a positive impact and increases wheat production up to 

0.4134 points. This increase in maize production is more than the previous period. 

However this effect dies down in period three and has a negative impact in period 

four and decreases maize production up to 0.1241 points. In period eight one unit 

shocks has a greatest negative impact of all the periods and decreases maize 

production up to point 1.61 points. After period four the negative effect never dies 

down till period ten and exhibit a decrease in maize production from period four to 

period ten. 
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4.4.5 Variance Decomposition for Maize Crop 

4.4.5.1 Percent Variation in Maize Productivity due to Variation in Fertilizer 

Table 4.10 and Fig. 4.4 showed the variance decomposition of maize 

production to fertilizer use. In period one there is no percentage variation in maize 

production due to variation in fertilizer used. In period two variations in fertilizer 

used brings about 1.8 percent variations in maize production. In period three, four 

and five the percent variation in wheat production increased to 7.6, 11.6 and 13.8 

percent. In period eight the percent variations in maize production due to variation 

in fertilizer used become increasingly maximum at 14.97 percent. In period nine 

and ten percent variation becomes 15.16 and 15.40 percent. Figure 4.4 showed that 

overall variation in maize production due to variation in fertilizer used increased 

constantly with increasing over the ten periods. 

 

4.4.5.2 Percent Variation in Maize Production due to Variation in Credit 

Disbursed 

Table 4.10 showed the variance decomposition of wheat production to 

credit disbursed. In period one there is no percentage variation in maize production 

due to variation in credit disbursed. In period two variations in credit used brings 

about 0.27 percent variations in maize production and in period three it became 1.8 

percent. From period four to period ten percent variation in maize production 

increased constantly. In period ten percent variation in maize production due to 

credit disbursed is about 21.8 percent variations which is highest variation in all ten 

periods. 
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4.4.5.3 Percent Variation in Maize Production due to Variation in Average 

Maximum Temperature 

Table 4.10 showed the variance decomposition of maize production to 

average maximum temperature. In period one there is no percentage variation in 

maize production due to variation in average maximum temperature. In period two 

variations in average maximum temperature showed a 0.4 percent variation in 

maize. In period three variations in average maximum temperature brings about 0.3 

percent variation in maize production. From period three to period ten percent 

variation in maize production increased with a constant increasing trend. In period 

ten percent variation in maize production due to variation in average maximum 

temperature brought about 8.7 percent. 

4.4.5.4 Percent Variation in Maize Production due to Variation in Average 

Rainfall 

Table 4.10 showed the variance decomposition of maize production to 

average rainfall. In period one there is no percentage variation in maize production 

due to average rainfall. In period two variations in average rainfall bring about .09 

percent variations in maize production which increased to 1.17 percent in period 

eight. In period nine variations becomes 1.41 percent.  From period two to period 

ten percent variation in maize production increased and ends up with 1.57 percent 

in last period. 
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Table 4.10 Variance Decomposition of Maize Crop 

 Period S.E. PR AU FR CD WA AT ATX ATM ARN 

 1  0.081830  100.0000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

 2  0.105673  86.47423  10.32170  1.824215  0.284149  0.370839  0.153223  0.001416  0.475325  0.094903 

 3  0.129121  70.65281  18.99934  7.656461  1.805660  0.252489  0.106669  0.038502  0.321985  0.166084 

 4  0.152416  60.59502  21.04241  11.65083  5.387542  0.188859  0.115639  0.059469  0.834409  0.125830 

 5  0.175709  54.61007  18.44152  13.82281  10.20052  0.173310  0.128824  0.044847  2.364770  0.213329 

 6  0.198555  50.92015  14.93913  14.59766  14.52754  0.160003  0.120868  0.062715  4.180252  0.491679 

 7  0.219929  48.36821  12.18491  14.84129  17.63818  0.140147  0.105582  0.132064  5.744452  0.845162 

 8  0.238942  46.38436  10.39679  14.97772  19.66432  0.119179  0.093960  0.228997  6.963821  1.170850 

 9  0.255371  44.65284  9.338295  15.16294  20.97986  0.107407  0.088700  0.331092  7.924637  1.414221 

 10  0.269461  43.02033  8.778154  15.40196  21.87272  0.111897  0.091162  0.429325  8.719830  1.574621 
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Figure 4.4  Variance Decomposition of Maize Crop 
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4.4.5.5 Percent Variation in Maize Production due to Variation in Average 

Minimum Temperature 

Table 4.10 showed the variance decomposition of maize production to 

average minimum temperature. In period one there is no percentage variation in 

maize production due to variation in average minimum temperature. Average 

minimum temperature brings about 0.475 percent variation in period two which 

increased up to 0.834 percent in period four. However, in period six it became 4.18 

percent. From period six to period ten, percent variation in wheat production 

increased with increasing trend. In period ten average minimum temperatures 

brings about 8.719 percent variations in maize production. 

4.4.5.6 Percent Variation in Maize Production due to Variation in Average 

Temperature 

Table 4.10 showed the variance decomposition of maize production to 

average temperature. In period one there is no percentage variation in wheat 

production due to variation in average temperature. In period two and three percent 

variation in maize production is not high but increase in coming periods. In period 

five percent variation in maize production becomes highest at 0.128 percent. The 

variation in average temperature throughout the ten period does not produced 

significant percent variation in maize production. 

4.4.5.7 Percent Variation in Maize Production due to Variation in Water 

Availability 

Table 4.10 showed the variance decomposition of maize production to 

water availability. In period one there is no percentage variation in wheat 
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production due to variation in water availability. In period two percentage 

variations are about 0.37 percent which decreased to 0.25 and 0.188 percent in 

period three and four. After period three and four percentage variation in maize 

production due to variation in water availability decreased. In period ten percentage 

variations in maize production becomes lowest about 0.11 percent. Overall 

throughout the ten period’s water availability does not produced significant 

percentage change in maize production. 

4.4.5.8 Percent Variation in Maize Production due to Maize Production & 

Cultivated Area under Wheat Crop 

Table 4.10 showed the variance decomposition of maize production to 

maize production. In period one there is 100 percent variation in maize production 

due to itself. But in other periods percentage variation in production due to itself 

decreased through out to the last period. In last period percent variation in maize 

production due to itself ends up with 43 percent.  While on the other side variation 

in area under the crop produced significant variation in maize production. The 

highest of the variation was in period four which was 21.04 percent. 

Table 4.9, 4.10 and Fig 4.3 and Fig 4.4 showed the impacts of climatic 

variables on maize crop productions. Average maximum temperature effected 

positively the maize production. In period ten average maximum temperature 

brought about 9 percent variations in maize production. Graphical analysis 

confirmed that average temperature will increase maize productions in later time 

period, showing the positive impacts of increasing maximum temperature. Average 

minimum temperature also depicted positive impacts in later period, however in 
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earlier periods i.e. period three to period five negative impact was visualized but in 

later periods average minimum temperature increased maize production. Though 

the variations brought by average minimum temperature was not high, however in 

time period ten variations brought was maximum at 0.42 percent. Any policy shift 

will safeguard from severe temperature shocks. Increasing rainfall in initial period 

has positive impact on maize crop while in later period it helped adversely towards 

maize production abilities. Average rainfall reduced maize production up to 1.5 

percent in last period which was the maximum variation caused by average rainfall. 

Average temperature also has overall negative effect dominating, however average 

temperature doesn’t produced significant variation towards maize production. 

(Vahab et al., 2013) found the increasing temperature will improve maize 

production Water available for maize does not showed a significant positive or 

negative impact as variance decomposition brought very little variation in maize 

productions.non climatic variables like fertilizer used and credit taken created a 

positive impact increasing maize yields. Fertilizer use bought about 15 percent 

variation in maize production in last period while credit facilities available also 

showed a variation of about 22 percent. Both the variations brought additional 

production in crop productions. A MFN status for Pakistan regarding the neighbor 

countries will affect the input markets of agriculture farming 

4.5 VAR RESULTS FOR COTTON CROP 

This section discusses the VAR estimation results of cotton crop in 

Pakistan. The cropping period for cotton is from April to November. The 

estimation results are presented in Table 4.13. It is evident from the results that 

though the t- statistics values of all the included variables are not statistically 
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significant at conventional level of significant however the F statistic value of the 

model is very high and also statistically significant so the model is said to a best fit. 

The coefficient of determination R2 value is 0.842 and adjusted coefficient of 

determination R2 value is 0.77. Both the values are lying between 0 and 1 and also 

the both the values are very high which also shows the goodness of the fit of the 

model. 

4.5.1 Descriptive statistics for cotton crop 

Table 4.11 explained the descriptive statistics for wheat crop. The statistic 

summary contain information like mean, median, mode, standard deviation, 

minimum and maximum values of the all the variables of the study 

4.5.2 ADF Unit Root Test for Cotton Crop 

Table 4.12 shows the result of Augmented Dickey fuller (ADF) unit root 

test results. The results showed that the majority of the variables are non stationary 

at conventional level of significance however the test statistics showed that variable 

Avg. Temperature, , Avg.  Minimum Temperature, Avg. Maximum Temperature 

and Average Rainfall are stationary at first difference however fertilizer used, 

Wheat Production, Cultivated Area under crop, water availability and fertilizer 

used are stationary at 1st difference 

4.5.3 Lag Selection Criteria for Selecting Appropriate Model 

Akike AIC and Schwarz Sc values of the data made us to take a VAR 

model of lag one in spite of Lag two. Because the values of the both the criterion 

for lag one model is smaller than the lag two model. We were unable to run a lag 
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4.11 Descriptive Statistics for Cotton Crop 

 

 

 

 

 

 

Descriptive Statistics for Cotton Crop 

Variables Mean Median Standard 
Deviation 

Minimum Maximum 

Area under 
Crop (000 
hactares) 

2760.212 2835 308.178 2108 3193 

Production          
(000 tonnes) 

1630.182 1637 491.369035 495 2426 

Fertilizer 
off take     ( 

000 
n/tonnes) 

2521.636 2515 949.669 1080 4360 

Credit 
Disbursed 

(Rs. 
Millions) 

74850.818 22373 91088.6561 4020 293850 

Water 
Availability 

(MAF) 

124.279 130.85 13.533 96.45 137.98 

Average 
temperature 

30.879 30.97619 0.864 28.209 33.2 

Avg. 
Minimum 

temperature 

24.552 24.55 0.539 23.102 25.321 

Avg. 
Maximum 

temperature 

38.317 38.495 0.662 36.715 39.776 

Avg. 
Rainfall 

27.029 25.940 10.520 10.619 54.05 
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Table 4.12 Unit Root Test for Cotton Crop: 

S.No. Variables Level 1st Difference Conclusion 

1 Avg. Temperature 0.0000 - I (0) 

2 Avg. Min.Temperature 0.0000 - I (0) 

3 Avg. Max.Temperature 0.0000 - I (1) 

4 Avg. Rainfall 0.0000 - I (0) 

5 Water Availability - 0.0000 I (1) 

6 Fertilizer Used - 0.0000 I (1) 

7 cotton Production - 0.0000 I (1) 

8 Agriculture Loan - 0.0000 I (1) 

9 Cultivated Area - 0.0000 I(1) 
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Table 4.13 VAR Results for Cotton Crop 

 valus in [ ] are “t” statistics 

 PD AC AMIT AMXT AT CD FR RAIN WA 

PR(-1)  0.521008  0.116457 -0.001752 -0.004432 -0.004923 -0.365736  0.113500  0.631617  0.015440 

 [ 2.53144] [ 2.17875] [-0.07564] [-0.19529] [-0.17118] [-2.23891] [ 1.32293] [ 1.14109] [ 0.73842] 

AC(-1) -1.562403 -0.543386 -0.069995 -0.015822 -0.021195  0.409763 -0.412647  0.626915  0.127009 

 [-1.23978] [-1.66027] [-0.49356] [-0.11386] [-0.12036] [ 0.40967] [-0.78551] [ 0.18497] [ 0.99199] 

AMIT(-1)  0.520475  0.091836 -0.288381  0.176088  0.206749  3.782035 -0.306712 -6.709089 -0.478634 

 [ 0.19735] [ 0.13408] [-0.97170] [ 0.60549] [ 0.56105] [ 1.80684] [-0.27900] [-0.94592] [-1.78637] 

AMXT(-1) -4.775889 -1.187948  0.967047  0.461385  0.896253  1.002885  0.260140  10.71766 -1.831917 

 [-0.85036] [-0.81445] [ 1.53007] [ 0.74497] [ 1.14205] [ 0.22498] [ 0.11112] [ 0.70956] [-3.21050] 

AT(-1)  0.458389  0.046638 -0.779588 -0.298646 -0.634690 -5.533266 -0.954668 -6.106553  1.998776 

 [ 0.11811] [ 0.04627] [-1.78498] [-0.69781] [-1.17037] [-1.79630] [-0.59010] [-0.58505] [ 5.06915] 

CD(-1)  0.092818 -0.066756 -0.005656  0.006349  0.014142  0.949296  0.116418  0.170881 -0.043176 

 [ 0.69845] [-1.93428] [-0.37819] [ 0.43326] [ 0.76162] [ 9.00028] [ 2.10160] [ 0.47813] [-3.19797] 

FR(-1) -0.112876  0.292047  0.101274 -0.008291 -0.023761  0.534643  0.405278 -0.442938  0.224997 

 [-0.16035] [ 1.59747] [ 1.27844] [-0.10681] [-0.24157] [ 0.95691] [ 1.38114] [-0.23396] [ 3.14601] 

RAIN(-1) -0.318857 -0.058682  0.001058  0.010296  0.016743  0.091986 -0.034782 -0.172405 -0.018623 

 [-2.75973] [-1.95568] [ 0.08134] [ 0.80811] [ 1.03710] [ 1.00309] [-0.72217] [-0.55483] [-1.58650] 

WA(-1)  2.466017  0.747081 -0.088492  0.031113  0.028239 -0.916184  1.052364 -1.393384  0.383363 

  2.466017  0.747081 -0.088492  0.031113  0.028239 -0.916184  1.052364 -1.393384  0.383363 

C  19.15161  10.27649  3.532271  2.396403  1.723788  3.272667  4.229961  5.838585  1.985012 

R2  0.842422  0.896107  0.516694  0.229275  0.275979  0.991025  0.978279  0.202856  0.983273 

Adj. R2  0.771512  0.849355  0.299207 -0.117551 -0.049830  0.986987  0.968505 -0.155859  0.975746 

F-Statistics  11.88013  19.16724  2.375742  0.661067  0.847057  245.3902  100.0876  0.565508  130.6332 

Schwarz Criterion 
SWC 

-0.010874 -2.707287 -4.379882 -4.420456 -3.946956 -0.472987 -1.760937  1.967765 -4.584362 

Akaike AIC -0.477940 -3.174352 -4.846948 -4.887522 -4.414022 -0.940052 -2.228003  1.500700 -5.051428 

Durbin Watson 1.8 
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three model because the number of variables to be estimated becomes increasingly 

more the number of observations violating the assumptions of the Ordinary least 

square. So we rely on using the lag 1 model. the AIC & SWC value for our model 

is -0.578 and -0.120 which made us to select this model and making this model 

more parsimonious. So Lag one model was more suitable amongst the other lag 

models. The Durbin Watson value for the model is 1.872 showing presence of no 

auto correlation in the model. 

Table 4.13 showed that Average maximum temperature has a negative effect on 

cotton crop production in lag one. One percent change in maximum temperature 

variable decreased cotton production by 4.775 percent while average minimum 

temperature has positive impact on cotton production in previous lag. One percent 

change in minimum temperature variable will increase cotton production by 0.520 

percent. Average rainfall has a negative impact on cotton production in previous 

lag one. Average temperature has positively affected crop production in previous 

lag. One percent change in average rainfall variable will decrease cotton production 

by 0.3188 percent. Water availability also contributed positively toward cotton 

production. The non climatic variables credit disbursed affected cotton production 

positively while fertilizer affected cotton negatively. 

4.5.4 Impulse Response Functions of the Cotton Production 

4.5.4.1 Response of Cotton Production to itself 

In Table 4.14 the impulse response function of cotton production to cotton 

production showed that a unit shock in cotton production will die out in four 

period. Results showed that a shock of one standard deviation in cotton production 
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in 1st period increases the cotton production up to 0.16 points, in second period a 

one standard deviation chock also produces a positive impact and increases cotton 

production up to 0.08 points. This increase is lower as compared to the first period. 

In third period the cotton production increases up to 0.014 point which is less than 

the second period. In all other periods from period four to period ten every single 

shock has a positive impact on production of cotton crop but these shocks has less 

positive impact than the previous periods. 

4.5.4.2 Response of Cotton Production to Fertilizer Used 

Table 4.14 showed the impulse response function of fertilizer and cotton 

production. A unit shock in cotton production will die out in period two. Results 

showed that a shock of one standard deviation in fertilizer used in 2nd period 

creates a negative impact and decreases cotton production up to 0.001 points.  

While in third period one standard deviation chock also produces a positive effect 

and increases cotton production up to 0.017 points. In period four one standard 

deviation shock increased cotton production up to point 0.029 points. This increase 

is greater than the previous periods. From period five to period every single shock 

creates a positive impact and increases cotton productions. 

4.5.4.3 Response of Cotton Production to Credit Disbursed 

Table 4.14 showed the impulse response function of cotton production to 

credit disbursed. A unit shock in credit disbursed has no impact in period one. It 

never dies down and creates a positive impact throughout ten periods. 
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4.5.4.4 Response of Cotton Production to Water Availability 

Table 4.14 showed the impulse response function of water available to 

cotton and cotton production. It is evident from the table 4.14 and figure 4.5 that a 

unit shock in water available for cotton crop never dies down throughout the ten 

periods. This means that every shock in water available to cotton crop creates a 

positive impact on cotton production and increase in production. In period three 

one standard deviation shock in water available to cotton crop increases crop 

production up to 0.0144 points while in period ten one standard deviation shock in 

water available to cotton crop increased production up to 0.003 points.  

4.5.4.5 Response of cotton Production to Average Temperature 

In Table 4.14 and Fig 4.5 the impulse response function of cotton 

production to average temperature showed that a unit shock in average temperature 

has no effect in period one. In period two one standard deviation shock creates a 

negative impact and decrease cotton production up to 0.009 points. After that it 

never dies down and become positive till the last period. 

4.5.4.6 Response of cotton Production to Average Minimum Temperature 

In Table 4.14 and Fig 4.5 the impulse response function of cotton 

production to average minimum temperature showed that a unit shock in average 

temperature has no effect in period one. However it dies down in period four and 

creates a negative impact and decreases cotton production and again become 

positive in period five. In period five one unit shocks in average minimum 

temperature creates a positive impact and increases cotton production. This positive 
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impact created is carried out i.e. from period six to period eight and again dies 

down in period nine and ten. 

4.5.4.7 Response of cotton Production to Average Maximum Temperature 

In table 4.14 & fig 4.5 the impulse response function of cotton production 

to average maximum temperature showed that a unit shock in average maximum 

temperature has no effect in period one. However it dies down in period three and 

creates a negative impact and decreases cotton production and again become 

positive in period four. In period five one unit shocks in average maximum 

temperature creates a positive impact and increases cotton production up to 0.007 

points. This positive impact created is carried out for each unit shock in all 

remaining period i.e. from period six to period ten. The positive impact is high in 

period five. 

4.5.4.8 Response of cotton Production to Average Rainfall 

In table 4.14 & fig 4.5 the impulse response function of cotton production 

to average rainfall showed that a unit shock in average rainfall has no effect in 

period one. However it dies down in period two and creates a negative impact and 

decreases cotton production. However when it dies down it does not become 

positive till the tenth period and has a negative impact on cotton production.  

4.5.5 Variance Decomposition for Cotton Crop 

4.5.5.1 Percent Variation in cotton Production due to Variation in Fertilizer 

Table 4.15 and Fig 4.6 showed the variance decomposition of cotton 

production to fertilizer use. In period one there is no percentage variation in cotton 
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production due to variation in fertilizer used. In period two variations in fertilizer 

used brings about 0.007 percent variations in cotton production. In period three, 

four and five the percent variation in cotton production increased to 0.59, 2.2 and 

2.7 percent. In period ten, the percent variations in cotton production due to 

variation in fertilizer used become increasingly maximum at 4.32 percent. Figure 

4.5 showed that overall variation in cotton production due to variation in fertilizer 

used increased constantly over the ten periods. 

4.5.5.2 Percent Variation in cotton Production due to Variation in Credit 

Disbursed 

Table 4.15 showed the variance decomposition of cotton production to 

credit disbursed. In period one there is no percentage variation in cotton production 

due to variation in credit disbursed. In period two variations in credit used brings 

about 0.006 percent variations in cotton production and in period three it became 

0.13 percent. From period four to period ten percent variation in cotton production 

increased constantly. In period ten percent variation in cotton production due to 

variation in rainfall bring about 2.31 percent variations which is highest variation in 

all ten periods. 

4.5.5.3 Percent Variation in cotton Production due to Variation in Average 

Maximum Temperature 

Table 4.15 showed the variance decomposition of cotton production to 

average maximum temperature. In period one there is no percentage variation in 

cotton production due to variation in average maximum temperature. In period two 

variations in average maximum temperature showed a 0.064 percent variation in 
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cotton. In period three variations in average maximum temperature brings about 

0.063 percent variations in cotton production. From period three to period ten 

percent variation in cotton production increased with a constant increasing trend. In 

period ten percent variation in cotton production due to variation in average 

maximum temperature brought about 0.21 percent variations. 

4.5.5.4 Percent Variation in Cotton Production due to Variation in Average 

Rainfall 

Table 4.15 showed the variance decomposition of cotton production to 

average rainfall. In period one there is no percentage variation in cotton production 

due to average rainfall. In period two variations in average rainfall bring about 11.4 

percent variations in cotton production which decreased to 10.65 percent in period 

three. After period three explained variation in cotton production due to variation in 

average rainfall decreased and becomes 10.48 percent.  In period nine variations 

becomes 9.85 percent and in tenth period it decreased to 9.77 percent. 

4.5.5.5 Percent Variation in Cotton Production due to Variation in Average 

Minimum Temperature 

Table 4.15 showed the variance decomposition of cotton production to 

average minimum temperature. In period one there is no percentage variation in 

cotton production due to variation in average minimum temperature. Average 

minimum temperature brings about 3.82 percent variation in period two which 

increased up to 4.65 percent in period five however in period six it became 4.658 

percent. From period six to period ten, percent variation in cotton production 
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decreased with decreasing trend. In period ten average minimum temperatures 

brings about 4.37 percent variations in cotton production. 

4.5.5.6 Percent Variation in Cotton Production due to Variation in Average 

Temperature 

Table 4.15 showed the variance decomposition of cotton production to 

average temperature. In period one there is no percentage variation in cotton 

production due to variation in average temperature. In period two percent variation 

in cotton production is not high but increased in coming periods. In period nine 

percent variation in cotton production becomes highest at 10.32 percent.  

4.5.5.7 Percent Variation in Cotton Production due to Variation in Water 

Availability 

Table 4.15 showed the variance decomposition of cotton production to 

water availability. In period one there is no percentage variation in cotton 

production due to variation in water availability. In period two percentage 

variations are about 2.27 percent which increased to 2.37 and 2.41 percent in 

period three and four. After period three and four percentage variation in cotton 

production due to variation in water availability starts increasing. In period ten 

percentage variations in cotton production became at 2.61 percent.  

4.5.5.8 Percent Variation in Cotton Production due to itself & Cultivated Area 

under Cotton Crop 

Table 4.15 showed the variance decomposition of cotton production to 

itself. In period one there is 100 percent variation in cotton production due to itself. 
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But in other periods percentage variation in production due to itself decreased 

through out to the last period. In last period percent variation in cotton production 

due to itself ends up with 63 percent.  While on the other side variation in area 

under the crop produced significant variation in cotton production. The highest of 

the variation was in period ten which was 2.37 percent. 

 Table 4.14& 4.15 and also fig 4.5 & 4.6 showed the impact of climatic 

variables on cotton production. Average rainfall has a clear negative impact on 

cotton production. Variance decomposition showed that average rainfall has 

brought about 13 percent variations in cotton production hence creating a negative 

impact.( Sidiqui et al., 2013) found negative impact of increasing rainfall In later 

period the variation brought was about ten percent. Hence overall negative impact 

was dominating. Decrease in cotton production was encountered by variation 

average rainfall. This has realized the importance of climatic resistant varieties so 

that harmful effects can be reduced. Average maximum and minimum temperature 

has a positive effect on cotton production. Average minimum temperature showed 

four percent variation in cotton production in period three i.e. maximum variation. 

Average minimum temperature showed a three percent variation in period four 

however average minimum and average maximum temperature overall positive 

effect hence increasing cotton production. Water availability contributed positively 

towards cotton production in all period hence increasing cotton production. 

Average temperature has overall positive impact on cotton productions. However 

(Sidiqui et al., 2013) found negative impact of increasing temperature. Non 

climatic variable like fertilizer used has a positive impact on cotton crop. Fertilizer 

used brought about 18 percent variation in cotton crop.  
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Table 4.14   Impulse Response Function of Cotton Crop 

 

 

 

 

 

 Period PR AC AMIT AMXT AT CD FR RAIN WA 

 1  0.167209  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

 2  0.088854 -0.028738  0.041330  0.005365 -0.009233  0.001707 -0.001828 -0.071377  0.031851 

 3  0.014561 -0.005016  0.027200 -0.001991  0.071007  0.008321  0.017483 -0.020214  0.014488 

 4 -0.001163  0.011817 -0.008759  0.003709  0.012720  0.012327  0.029460  0.008429  0.007748 

 5  0.015681  0.011974  0.001189  0.007797  0.011664  0.011997  0.018150 -0.002589  0.007262 

 6  0.013280  0.004092  0.006628  0.001901  0.013756  0.011963  0.014218 -0.004938  0.008727 

 7  0.008015  0.007862  0.002358  0.002878  0.012007  0.013406  0.015757 -0.003468  0.005918 

 8  0.005668  0.006903  0.000816  0.001287  0.008969  0.013999  0.014293 -0.001725  0.005320 

 9  0.004443  0.007680 0.0000353  0.001248  0.007278  0.014648  0.013293 -0.001768  0.004154 

 10  0.002824  0.007071 -0.000499  0.000238  0.005775  0.015104  0.012250 -0.001331  0.003593 
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Figure 4.5 Impulse Response of Cotton Crop 
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Table 4.15 Variance Decomposition for Cotton Crop 

Period S.E. PD AC AMIT AMXT AT CD FR RAIN WA 

 1  0.167209  100.0000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

 2  0.211228  80.35854  1.851069  3.828547  0.064503  0.191049  0.006530  0.007486  11.41846  2.273812 

 3  0.227231  69.84943  1.648264  4.741196  0.063416  9.929925  0.139751  0.598453  10.65820  2.371361 

 4  0.230604  67.82368  1.862993  4.747791  0.087446  9.945828  0.421422  2.213145  10.48232  2.415382 

 5  0.233020  66.87712  2.088596  4.652434  0.197603  9.991193  0.677817  2.774199  10.27838  2.462664 

 6  0.234891  66.13533  2.085791  4.658227  0.201015  10.17557  0.926439  3.096565  10.15944  2.561621 

 7  0.236502  65.35259  2.167999  4.604948  0.213099  10.29523  1.235176  3.498419  10.04306  2.589479 

 8  0.237755  64.72258  2.229505  4.557729  0.213787  10.32935  1.568900  3.823060  9.942769  2.612326 

 9  0.238898  64.13921  2.311558  4.514216  0.214476  10.32354  1.929895  4.096176  9.853317  2.617613 

 10  0.239910  63.61313  2.378970  4.476647  0.212769  10.29457  2.310030  4.322429  9.773447  2.618001 
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Figure 4.6 Variance Decomposition of Cotton Crop 

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10

Percent PD v ariance due to PD

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10

Percent PD v ariance due to AC

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10

Percent PD v ariance due to AMIT

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10

Percent PD v ariance due to AMXT

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10

Percent PD variance due to AT

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10

Percent PD variance due to CRD

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10

Percent PD v ariance due to FOT

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10

Percent PD variance due to RAIN

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10

Percent PD variance due to WA

Variance Decomposition



129 
 

 

4.6 VAR RESULTS FOR SUGARCANE CROP 

This section discusses the VAR results of sugarcane crop in Pakistan. The 

estimation results are presented in Table 4.18 It is evident from the results that 

though the t- statistics values of all the included variables are not statistically 

significant at conventional level of significant however the F statistic value of the 

model is very high and also statistically significant so the model is said to a best fit. 

The coefficient of determination R2 value is 0.786 and adjusted coefficient of 

determination R2 value is 0.611. Both the values are lying between 0 and 1 and also 

the both the values are very high which also shows the goodness of the fit of the 

model. 

4.6.1Descriptive statistics for Sugarcane crop 

Table 4.16 explained the descriptive statistics for sugarcane crop. The 

statistic summary contain information like mean, median, mode, standard 

deviation, minimum and maximum values of all the variables used in the study. 

4.6.2 Unit Root Test (ADF Approach) for Sugarcane Crop 

Table 4.17 shows the result of Augmented Dickey fuller (ADF) unit root 

test results. The results showed that the variables are non stationary at conventional 

level of significance however the test statistics showed that variable Avg. 

Temperature, Avg. Minimum Temperature, Avg. Maximum Temperature are 

stationary at level, however fertilizer used, Sugarcane Production, Cultivated Area 

under crop, fertilizer used and average Rainfall are stationary at 1st difference but 

the variable Water Availability is not stationary at 1st difference but stationary at 

level. 
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4.6.3 Lag Selection Criteria for Selecting Appropriate Model 

AIC & SC values of the data made us to take a VAR model of lag one in 

spite of Lag two. Because the values of the both the criterion for lag one model is 

smaller than the lag two model. We were unable to run a lag three model because 

the number of variables to be estimated becomes increasingly more the number of 

observations violating the assumptions of the Ordinary least square, so we rely on 

using the lag one model. the AIC & SWC value for our model is -2.300 and -1.828 

which made us to select this model and making this model more parsimonious. So 

Lag one model was more suitable amongst the other lag models. The Durbin 

Watson value for the model is 1.79 showing presence of no auto correlation in the 

model. Table 4.18 showed that Average maximum temperature has a positive effect 

on sugarcane crop production in lag one. One percent change in maximum 

temperature variable will increase sugarcane production by 0.70 percent while 

average minimum temperature has a negative impact on wheat production in 

previous lag. One percent change in minimum temperature variable will decrease 

sugarcane production by 0.627 percent. Average rainfall has a positive impact on 

sugarcane production in previous lag one. A percent change in average rainfall 

increased sugarcane production by 0.1 percent. Average temperature has positively 

affected sugarcane production in previous lag. One percent change in average 

temperature variable will increase sugarcane production by 0.86 percent. The non 

climatic variables credit disbursed negatively affected sugarcane production while 

cultivated area under sugarcane crop positively added towards sugarcane 

productions in previous lags. 
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Table 4.16 Descriptive Statistics of Sugarcane Crop 

Descriptive Statistics of Sugarcane Crop 

Variables Mean Median Standard Deviation Minimum Maximum 

Area under Crop 
(000 hectares) 

963.69697 963 106.216 762 1241 

Production          
(000 tonnes) 

44267.7576 44666 9755.84 27856 63920 

Fertilizer off take     
( 000 n/tonnes) 

2521.63636 2515 949.669 1080 4360 

Credit Disbursed 
(Rs. Millions) 

74850.8182 22373 91088.7 4020 293850 

Water availability 
(MAF) 

124.279394 130.85 13.5332 96.45 137.98 

Average 
Temperature 

25.3431727 25.37593 0.57666 24.23 26.31 

Avg. Minimum 
Temperature 

18.5222894 18.62222 0.60313 17.41 19.63333 

Avg. Maximum 
Temperature 

32.0991209 32.18889 0.56754 30.57 32.95556 

Avg. Rainfall 28.9577991 29.2787 7.91574 15.86 49 
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Table 4.17 Unit Root Test of Sugarcane Crop: 

S.No. Variables Level 1st Difference Conclusion 

1 Avg. Temperature 0.0000 - I (0) 

2 Avg. Min. Temperature 0.0000 - I (0) 

3 Avg. Max. Temperature 0.0000 - I (0) 

4 Avg. Rainfall - 0.0000 I (1) 

5 Water Availability - 0.0000 I (1) 

6 Fertilizer Used - 0.0000 I (1) 

7 Agriculture Loan - 0.0000 I (1) 

8 Sugarcane Production - 0.0000 I (1) 

9 Cultivated Area - 0.0000 I (1) 
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Table 4.18 VAR Result of Sugarcane Crop 

 values in [ ] are ‘t’ statistic 

 PR CD AU FR MINTEM MXTEM RN TEM WA 

PR(-1) -0.800184  0.649935 -0.070952 -1.270321 -0.244194  0.039804 -2.131178 -0.068193 -0.315213 

 [-1.86099] [ 0.57460] [-0.45249] [-2.10110] [-1.70815] [ 0.23847] [-2.11082] [-0.55077] [-1.65308] 

CD(-1) -0.053229  0.991987  0.024945 -0.039930  0.001955 -0.010374  0.048717 -0.006874  0.013002 

 [-1.28657] [ 9.11462] [ 1.65335] [-0.68638] [ 0.14214] [-0.64596] [ 0.50148] [-0.57702] [ 0.70868] 

AC(-1)  0.413083  0.708462  0.226236  0.757096  0.080776  0.397409 -2.285755  0.160086 -0.307653 

 [ 0.60011] [ 0.39125] [ 0.90125] [ 0.78221] [ 0.35295] [ 1.48724] [-1.41417] [ 0.80766] [-1.00784] 

FR(-1)  0.965740 -0.281282  0.131252  1.253761  0.185026 -0.069751  1.332223  0.013532  0.238049 

 [ 3.07890] [-0.34090] [ 1.14744] [ 2.84269] [ 1.77421] [-0.57284] [ 1.80879] [ 0.14982] [ 1.71135] 

MINTEM(-1) -0.627209 -0.812089 -0.267455 -1.152061 -0.565767 -0.608290  2.259309 -0.419632  0.192433 

 [-0.96313] [-0.47404] [-1.12619] [-1.25813] [-2.61304] [-2.40620] [ 1.47749] [-2.23780] [ 0.66632] 

MXTEM(-1)  0.703189 -2.106107 -0.805013  1.093082 -0.086302 -0.041800 -1.761581 -0.283009 -0.042091 

 [ 0.82186] [-0.93573] [-2.57999] [ 0.90857] [-0.30338] [-0.12585] [-0.87681] [-1.14870] [-0.11093] 

RN(-1)  0.100656  0.212733  0.011555  0.199595 -0.047968 -0.009151 -0.188993 -0.031476 -0.035703 

 [ 1.01432] [ 0.81492] [ 0.31931] [ 1.43043] [-1.45386] [-0.23756] [-0.81107] [-1.10153] [-0.81129] 

TEM(-1)  0.865179  2.959767  1.074486  0.783039 -0.141374  0.247678 -2.200118  0.485050 -0.083219 

 [ 0.79313] [ 1.03143] [ 2.70103] [ 0.51051] [-0.38981] [ 0.58489] [-0.85894] [ 1.54422] [-0.17203] 

WA(-1) -0.275275 -0.435112  0.201455  0.231062  0.035823 -0.008287  0.444228  0.065083  0.851841 

 [-0.80531] [-0.48389] [ 1.61609] [ 0.48074] [ 0.31521] [-0.06246] [ 0.55345] [ 0.66122] [ 5.61943] 

C -2.580779 -4.603720  3.207785 -3.539501  4.107087  2.333545  24.34499  2.785476  2.319552 

R2  0.736191  0.983014  0.951649  0.862356  0.639426  0.356503  0.392189  0.458630  0.949697 

Adj. R2  0.611230  0.974967  0.928746  0.797156  0.468628  0.051688  0.104279  0.202191  0.925869 

F-Statistics  5.891325  122.1717  41.55111  13.22634  3.743749  1.169572  1.362192  1.788459  39.85663 

Schwarz Criterion 
SWC 

-1.828533  0.105901 -3.846008 -1.146872 -4.030895 -3.721029 -0.121290 -4.318464 -3.454782 

Akaike AIC -2.300014 -0.365580 -4.317489 -1.618353 -4.502376 -4.192510 -0.592771 -4.789945 -3.926264 

Durbin Watson 1.79 
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4.6.4 IMPULSE RESPONSE FOR SUGARCANE CROP 

4.6.4.1 Response of Sugarcane Production to Itself 

In Table 4.19 the impulse response function of sugarcane production to 

itself showed that a unit shock in sugarcane production will die out in period three 

and creates a negative impact and decreases sugarcane production and again 

become positive in period nine. A unit shock in period four created a negative 

impact and decreased sugarcane production up to 2.473 points which is the 

maximum negative effect on sugarcane production from period two to period eight. 

In period ten a one standard deviation shock in production increased sugarcane 

production up to 0.829 points. 

4.6.4.2 Response of Sugarcane Production to Fertilizer used 

Table 4.19 showed the impulse response function of fertilizer and sugarcane 

production. A unit shock in fertilizer production will never die out in all ten 

periods. In period two one standard deviation shock creates a positive impact and 

increases sugarcane production up to 2.734 points. In period three a unit shock also 

increases sugarcane production up to 1.74 points. Results also showed that a shock 

of one standard deviation in fertilizer used in tenth period also created a positive 

impact and increases sugarcane production up to 0.25 points. 
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Table 4.19 Impulse Response of Sugarcane Crop 

 

 

 

 

 

 Period PR CD AC FR MNTEM MXTEM RN TEM WA 

 1  0.067048  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

 2  0.039194 -0.003074 -0.002274  0.027345 -0.003652  0.013503  0.007834  0.007285 -0.006007 

 3 -0.007061 -0.002479  0.012773  0.017405 -0.020802  0.004779  0.010120  0.009835  0.008467 

 4 -0.024763 -0.0000214  0.000338  0.014465 -0.000568  0.002245  0.003656  0.009564  0.018125 

 5 -0.018115  0.000470 -0.009743  0.013100  0.002100  0.008774 -0.003227 -0.000212  0.017965 

 6     -0.008926 -0.006816 -0.003653  0.003009  0.000576  0.009742  0.001462 -0.005761  0.014375 

 7 -0.004125 -0.003127 -0.001190  0.002030 -0.000942  0.005455  0.000929 -0.004695  0.009622 

 8 -0.000569 -0.000264 -0.000652  0.002094 -0.000434  0.003125  0.001436 -0.002444  0.006353 

 9 
 0.000659  0.002579 -0.000746  0.002926 -0.001035  0.001863  0.001007 -0.000951  0.004358 

 10  0.000829  0.003720 -0.000390  0.002555 -0.000983  0.001087  0.001239 -0.0000335  0.003448 
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Figure 4.7 Impulse Response Function of Sugarcane Crop: 
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4.6.4.3 Response of Sugarcane Production to Credit Disbursed 

Table 4.19 showed the impulse response function of sugarcane production 

to credit disbursed. A unit shock in credit disbursed has no impact in period one. In 

period two it will die out and becomes negative till period eight. a unit shock in 

period two will create a negative impact and decrease sugarcane production. In 

period nine it again becomes positive and increases sugarcane production however 

in period ten one standard deviation shock increases sugarcane production up to 

0.372 points.  

4.6.6.4 Response of Sugarcane Production to Water Availability 

Table 4.19 showed the impulse response function of water available to 

sugarcane production. It is evident from the Table 4.19 and Fig 4.7 that a unit 

shock in water available for sugarcane crop dies down only in period two and 

decrease sugarcane production. A unit shock in water available to sugarcane crop 

in period three to period ten creates a positive impact on sugarcane production In 

period three one standard deviation shock in water available to sugarcane crop 

increases crop production up to 0.846 points while in period ten one standard 

deviation shock in water available to sugarcane crop increased production up to 

0.344 points. This increase in sugarcane production is less than the period three. A 

unit shock in sugarcane production increase sugarcane production in period four up 

to maximum 1.81 points. 

4.6.4.5 Response of Sugarcane Production to Average Temperature 

In Table 4.19 and Fig 4.7 the impulse response function of sugarcane 

production to average temperature showed that a unit shock in average temperature 
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has no effect in period one. In period two, three and four one standard deviation 

shock creates a positive impact and increase sugarcane production up to 0.728, 

0.983 and 0.956 points. However this positive impact dies down in period five and 

creates a negative impact and decreases sugarcane production. This negative 

impact created is carried out for each unit shock in all remaining period i.e. from 

period four to period ten. The negative impact is high in period five. 

4.6.4.6 Response of Sugarcane Production to Average Minimum Temperature 

In Table 4.19 and Fig 4.7 the impulse response function of sugarcane 

production to average minimum temperature showed that a unit shock in average 

temperature has no effect in period one. However it dies down in period two and 

creates a negative impact and decreases sugarcane production and again become 

positive in period five. In period five one unit shocks in average minimum 

temperature creates a positive impact and increases sugarcane production. This 

positive impact created is carried out for each unit shock up to period six. In period 

seven it again dies down and decrease sugarcane production. Overall negative 

impact of average minimum temperature dominated throughout the ten periods and 

decreased sugarcane production. 

4.6.4.7 Response of Sugarcane Production to Average Maximum Temperature 

In Table 4.19 and Fig 4.7 the impulse response function of sugarcane 

production to average maximum temperature showed that a unit shock in average 

maximum temperature has no effect in period one. In period two one unit shocks in 

average maximum temperature creates a positive impact and increases sugarcane 

production up to 1.35 points. This positive impact created is carried out for each 
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unit shock in all ten period. The positive impact is high in period two. In last three 

period’s positive impact remain but has less positive impact on sugarcane 

production as compared to period two. 

4.6.4.8 Response of Sugarcane Production to Average Rainfall 

In Table 4.19 and Fig 4.7 the impulse response function of sugarcane 

production to average rainfall showed that a unit shock in average rainfall has no 

effect in period one. However it dies down only in period five and creates a 

negative impact and decreases sugarcane production. However it again becomes 

positive till the tenth period and has a positive impact on sugarcane production. 

The positive impact of rainfall on sugarcane production is at maximum in period 

three. All other periods increase sugarcane production less as compared to period 

three. 

4.6.5 Variance Decomposition of Sugarcane Production 

4.6.5.1 Percent Variation in Sugarcane Production due to Variation in 

Fertilizer 

Table 4.20 and Fig 4.8 showed the variance decomposition of sugarcane 

production to fertilizer use. In period one there is no percentage variation in 

sugarcane production due to variation in fertilizer used. In period two variations in 

fertilizer used brings about 10.4 percent variations in sugarcane production. In 

period three, four and five the percent variation in sugarcane production increased 

to 12.5, 13.05 and 13.42 percent. In period ten, the percent variations in sugarcane 

production due to variation in fertilizer used reduced to 12.7 percent. 
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4.6.5.2 Percent Variation in Sugarcane Production due to Variation in Credit 

Disbursed 

Table 4.20 showed the variance decomposition of sugarcane production to 

credit disbursed. In period one there is no percentage variation in sugarcane 

production due to variation in credit disbursed. In period two variations in credit 

used brings about 0.13 percent variations in sugarcane production and in period 

three it became 0.18 percent. From period four to period ten percent variation in 

sugarcane production increased constantly. In period ten percent variation in 

sugarcane production due to variation in rainfall brought about 0.80 percent 

variation. 

4.6.5.3 Percent Variation in sugarcane Production due to Variation in Average 

Maximum Temperature 

Table 4.20 showed the variance decomposition of sugarcane production to 

average maximum temperature. In period one there is no percentage variation in 

sugarcane production due to variation in average maximum temperature. In period 

two variations in average maximum temperature showed a 2.23 percent variation. 

In period three variations in average maximum temperature brings about 2.4 

percent variations in sugarcane production. From period five to period ten percent 

variation in sugarcane production increased with a constant increasing trend. In 

period ten percent variation in sugarcane production due to variation in average 

maximum temperature which brought about 4 percent variations. 
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4.6.5.4 Percent Variation in Sugarcane Production due to Variation in 

Average Rainfall 

Table 4.20 showed the variance decomposition of sugarcane production to 

average rainfall. In period one there is no percentage variation in sugarcane 

production due to average rainfall. In period two variations in average rainfall bring 

about 0.859 percent variations. In period three the variation due to rainfall is 

maximum, which is about 2 percent. However in period ten it decreased to 1.70 

percent variation. 

4.6.5.5 Percent Variation in Sugarcane Production due to Variation in 

Average Minimum Temperature 

Table 4.20 showed the variance decomposition of sugarcane production to 

average minimum temperature. In period one there is no percentage variation in 

sugarcane production due to variation in average minimum temperature. Average 

minimum temperature brings about 0.18 percent variation in period two which 

increased up to highest of 5.31 percent in period three. In period ten there is about 

4 percent variation in sugarcane production due to average minimum temperature. 

4.6.5.6 Percent Variation in Sugarcane Production due to Variation in  

Average Temperature 

Table 4.20 showed the variance decomposition of sugarcane production to 

average temperature. In period one there is no percentage variation in sugarcane 

production due to variation in average temperature. In period two, percent variation 

in sugarcane production is not high but increased in coming periods. In period eight 
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percent variation in sugarcane production becomes highest at 2.65 percent. In 

period ten percent variation in sugarcane production is about 2.64 percent. 

4.6.5.7 Percent Variation in Sugarcane Production due to Variation in Water 

Availability 

  Table 4.20 showed the variance decomposition of sugarcane production to 

water availability. In period one there is no percentage variation in sugarcane 

production due to variation in water availability. In period two percentage 

variations are about 0.50 percent which increased to 1.28 and 4.521 percent in 

period three and four. After period three and four percentage variation in 

sugarcane production due to variation in water availability increased 

tremendously. In period ten percentage variations in sugarcane production became 

10 percent. Overall throughout the ten periods water availability does produced 

significant percentage change in sugarcane production which increased to 2 

percent in period three. After period three explained variation in sugarcane 

production due to variation in average rainfall increased and becomes 9.8 percent 

which is the highest variation in all the ten periods. 

4.6.5.8 Percent Variation in Sugarcane Production due to itself & Cultivated 

Area under Sugarcane Crop 

Table 4.20 showed the variance decomposition of sugarcane production to 

itself. In period one there is 100 percent variation in sugarcane production due to 

itself. But in other periods percentage variation in production due to itself 

decreased through out to the last period. 



143 
 

Table 4.20 Variance Decomposition of Sugarcane Crop 

 Period S.E. PR CD AC FR MNTEM MXTEM RN TEM WA 

 1 
 0.067048  100.0000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

 2 
 0.084500  84.47401  0.132339  0.072436  10.47271  0.186783  2.553619  0.859546  0.743259  0.505298 

 3 
 0.091590  72.49635  0.185919  2.006416  12.52509  5.317583  2.445827  1.952369  1.785745  1.284701 

 4 
 0.098234  69.37535  0.161624  1.745357  13.05617  4.625902  2.178396  1.835720  2.500254  4.521222 

 5 
 0.103245  65.88343  0.148393  2.470662  13.42964  4.229155  2.694346  1.759581  2.263883  7.120916 

 6 
 0.105571  63.72690  0.558719  2.482713  12.92557  4.047820  3.428530  1.702075  2.462993  8.664679 

 7 
 0.106413  62.87279  0.636263  2.456086  12.75823  3.991859  3.637295  1.682865  2.618828  9.345791 

 8 
 0.106711  62.52472  0.633324  2.446110  12.72553  3.971235  3.702757  1.691583  2.656647  9.648097 

 9 
 0.106906  62.30059  0.689220  2.442065  12.75408  3.966137  3.719611  1.694289  2.654881  9.779124 

 10 
 0.107078  62.10676  0.807722  2.435556  12.77009  3.961844  3.717977  1.702254  2.646376  9.851423 
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Figure 4.8 Variance Decomposition of Sugarcane Crop: 
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In last period percent variation in sugarcane production due to itself ends up with 

62 percent while on the other side variation in area under the crop does produced 

significant variation in sugarcane production. The highest of the variation was in 

period five which was 2.8 percent. 

The table 4.19 and 4.20 and Fig 4.7 and 4.8 showed that rainfall effected 

sugarcane crop positively. Variance decomposition showed variation of about 2 

percent in period two while in later period’s variation in average rainfall increased 

wheat production about 1.7 percent. (Deressa et al., 2010) found that sugarcane 

production is less sensitive to Average Rainfall. Water available also contributed 

positively towards sugarcane production. In later time period variation in water 

available to sugarcane crop brought about 10 percent increase in sugarcane 

production. Clearly policy shift in water Management with the neighboring 

countries will further enhance crop productions. Average maximum temperature 

also impacted sugarcane production positively as verified by the impulse response 

function. In period eight, nine and ten variation explained by average maximum 

temperature was maximum which was approximately 4 percent, so shocks in 

average maximum temperature brought significant increase in sugarcane 

production. Average minimum temperature overall portrayed a negative impact on 

sugarcane reduction. The negative impact was maximum at period two in which 

variation in sugarcane production was about 5.3 percent while in last period 

negative impact decreased. In period ten variations in sugarcane production 

decreased to 4 percent i.e. a decrease in the negative effect was noticed. Average 

temperature showed a blurring effect. In initial period shocks in average 

temperature brought positive increase in sugarcane production as there was about 



146 
 

2.5 percent variation in sugarcane production bought by variation in average 

temperature in period four. However in last period positive impact dominated the 

sugarcane production. (Sidiqui et al., 2013) also concluded that increase in 

temperature also effects negatively the sugarcane production in long run. Non 

climatic variable i.e. Fertilizer use contributed positive. Positive effect decreased 

with decreasing trend as variation in sugarcane production due to fertilizer used 

was approximately 13.4 percent in time period five which decreased to 12.7 

percent.  

4.7 VAR RESULTS FOR RICE CROP 

 This section discusses the VAR estimation results of rice crop in Pakistan. 

The estimation results are presented in Table 4.23 It is evident from the results that 

though the t- statistics values of all the included variables are not statistically 

significant at conventional level of significant however the F statistic value of the 

model is very high and also statistically significant so the model is said to a best fit. 

The coefficient of determination R2 value is 0.93 and adjusted coefficient of 

determination R2 value is 0.83. Both the values are lying between 0 and 1 and also 

the both the values are very high which also shows the goodness of the fit of the 

model. 

4.7.1Descriptive statistics for Rice crop 

Table 4.21 explained the descriptive statistics for rice crop. The statistic 

summary contain information like mean, median, mode, standard deviation, 

minimum and maximum values of the all the variables of the study. 
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4.7.2 Unit Root Test (ADF Approach) Rice Crop 

Table 4.22 shows the result of Augmented Dickey fuller (ADF) unit root 

test results. The results showed that majority variables are non stationary at 

conventional level of significance however the test statistics showed that variable 

Avg. Temperature, Avg. Rainfall, Avg.  Minimum Temperature, Avg. Maximum 

Temperature is stationary at level. Fertilizer used, Wheat Production, Cultivated 

Area under crop, water availability and credit disbursed are stationary at 1st 

difference. 

4.7.3 Lag Selection Criteria for Selecting Appropriate Model 

AIC & SC values of the data made us to take a VAR model of lag two. 

Because the values of the both the criterion for lag two model is smaller than the 

other lag model. We were unable to run a lag three model because the number of 

variables to be estimated becomes increasingly more the number of observations 

violating the assumptions of the Ordinary least square .so we rely on using the lag 

two models. The AIC & SWC value for our model is 15.37 and 16.25 which made 

us to select this model and making this model more parsimonious. So Lag two 

model was more suitable amongst the other lag models. The Durbin Watson value 

for the model is 1.9 showing presence of no auto correlation in the model. 

Table 4.23 showed that Average temperature has a negative effect on rice 

crop production in lag one. One degree change in average temperature variable will 

decrease rice production by 201 tons while average minimum temperature has a 

positive impact on rice production in previous lag. One degree change in minimum 

temperature variable increased rice production by 317 tons. Average rainfall has a 
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positive impact on rice production in previous lag one. A one unit change in 

average rainfall has increased rice production by 29 tons. Average maximum 

temperature has also affected negatively rice production in previous lag. One 

degree change in average maximum temperature variable decreased rice production 

by 674 tons. The non climatic variables credit disbursed positively affected rice 

production. 

4.7.4 Impulse Response for Rice Crop 

4.7.4.1 Response of Rice Production to Itself 

In Table 4.24 the impulse response function of rice production to itself 

showed that a unit shock in rice production will never die out and remains positive. 

A unit shock in period one created a positive impact and increased rice production 

up to 458points. In period nine a one standard deviation shock in production 

increased rice production up to 102 points however it dies down in period ten and 

become negative. 

 4.7.4.2 Response of Rice Production to Fertilizer used 

Table 4.24 showed the impulse response function of fertilizer and rice 

production. A unit shock in fertilizer production will die out period two. In period 

two one standard deviation shock creates a negative impact and decreases rice 

production up to 66.4 points. In period four it again has positive impact and 

increased rice production up to 66.7 points. In period five one unit shock in 

fertilizer used increased rice production up to 315 points. This increase is greater 

than period three and also is maximum for all the ten period. In period ten it again 

died down and effected rice production negatively.  
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Table 4.21 Descriptive Statistics of Rice Crop 

Descriptive Statistics of Rice Crop 

Variables Mean Median Standard Deviation Minimum Maximum 

Area under Crop 
(000 hectares) 

2260.5 2187 276.8 1863 2963 

Production          
(000 tonnes) 

4307.8 3995 1131 2919 6952 

Fertilizer off take     
( 000 n/tonnes) 

2521.6 2515 949.7 1080 4360 

Credit Disbursed 
(Rs. Millions) 

74851 22373 91089 4020 293850 

Water availability 
(MAF) 

124.28 130.85 13.53 96.45 138 

Average 
Temperature 

24.076 24.125 0.362 23.09167 24.7 

Avg. Minimum 
Temperature 

23.06 23.175 0.459 22.14537 23.9 

Avg. Maximum 
Temperature 

35.241 35.30278 0.557 33.43333 36.9 

Avg. Rainfall 59.024 59.70277 17.35 26.83889 101 
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Table 4.22 Unit Root Test of Rice Crop 

S.No. Variables Level 1st Difference Conclusion 

1 Avg. Temperature 0.0000 - I (0) 

2 Avg. Min. Temperature 0.0000 - I (0) 

3 Avg. Max. Temperature 0.0000 - I (0) 

4 Avg. Rainfall 0.0000 - I (0) 

5 Water Availability - 0.0000 I (1) 

6 Fertilizer Used - 0.0000 I (1) 

7 Agriculture Loan - 0.0000 I (1) 

8 Rice Production - 0.0000 I (1) 

9 Cultivated Area  - 0.0000 I(1) 
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Table 4.23 VAR Results for Rice Crop 

 PD AC AVT CD FR MINTEM MXTEM RAIN WA 
PD(-1) 0.216781 -0.124885 0.0000729 -14.87055 -0.710527 0.000491 -0.000564 -0.000403 -0.002845 
PD(-2) -0.082455 -0.045897 -0.000510 14.76100 0.621260 -0.000477 -0.000442 0.002418 -0.002950 
AC(-1) -0.753096 0.461118 -0.000315 57.07119 2.482647 -0.001261 0.000990 0.002424 0.007743 
AC(-2) -0.196472 -0.139669 0.000870 -16.53903 -2.059208 0.001183 0.000354 -0.004549 0.007241 
AVT(-1) -201.8721 186.3802 0.108040 23592.35 93.96713 -0.203063 0.510892 -44.29020 2.281388 
AVT(-2) -1645.077 -570.1567 -0.378783 -16850.02 -661.2974 -0.345236 0.001458 -31.44283 12.25208 
CD(-1) 0.017864 0.004902 -0.0000171 1.334987 0.000348 -0.000014 -0.0000291 0.0000267 -0.0000837 
CD(-2) -0.007533 -0.002265 0.000021 -0.791049 0.001000 0.00000714 0.0000425 -0.000105 0.0000847 
FR(-1) -0.378861 0.058770 0.000697 10.66578 0.732376 0.000509 0.000652 -0.023305 0.010345 
FR(-2) -0.219108 -0.185358 -0.000274 48.04864 -0.203156 0.000961 -0.000842 0.033154 -0.006796 
MINTEM(-1) 317.5305 22.62328 0.692477 -35574.96 -40.78580 -0.101070 1.526184 -21.54851 1.667416 
MINTEM(-2) 1330.958 467.0504 0.182666 3375.396 307.9318 0.111873 -0.008025 9.597249 -1.952683 
MXTEM(-1) -674.2208 -319.4320 -0.440595 -10337.23 -405.3996 0.081354 -1.119414 34.78596 0.315091 
MXTEM(-2) 408.6413 208.1053 0.043904 4134.719 295.7487 -0.234017 -0.013406 8.471804 -3.341756 
RAIN(-1) -29.48764 -6.979926 -0.007880 88.35429 -13.16808 -0.002756 -0.018194 -0.205144 0.021240 
RAIN(-2) -11.53409 -2.404071 -0.000556 -115.8390 -8.005170 -0.001531 -0.000759 -0.261167 0.078985 
WA(-1) 2.271125 -4.521826 -0.022950 -1471.493 -13.73401 -0.008477 -0.035141 1.423450 0.325274 
WA(-2) 38.89460 12.66456 -0.004012 -373.2523 35.07118 -0.025723 -0.001506 -0.358144 0.311420 
R-squared 0.934591 0.911119 0.495875 0.990476 0.965627 0.856136 0.489795 0.514129 0.987754 
Adj. R-squared 0.836477 0.777798 -0.260312 0.976191 0.914068 0.640341 -0.275514 -0.214678 0.969385 
F-statistic 9.525573 6.834021 0.655757 69.33557 18.72859 3.967350 0.639997 0.705439 53.77319 
Akaike AIC 15.37221 12.83643 1.334261 22.24019 14.27073 0.432374 2.226120 9.034243 4.591039 
Schwarz SC 16.25110 13.71532 2.213156 23.11909 15.14963 1.311269 3.105016 9.913139 5.469935 
C 19738.59 3791.630 27.63125 826888.9 10570.27 42.88772 34.50515 507.0972 -213.5823 
Durbin Watson 1.81 
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4.7.4.3 Response of rice Production to Credit Disbursed 

Table 4.24 showed the impulse response function of rice production to 

credit disbursed. A unit shock in credit disbursed has no impact in period one. a 

unit shock in period two will create a positive impact and increase rice production 

up to 138 points. However it dies down in period eight and effects rice production 

negatively. In period ten one standard deviation shock in rice production decrease 

rice production up to 318 points.  

4.7.4.4 Response of Rice Production to Water Availability 

Table 4.24 showed the impulse response function of water available to rice 

production. It is evident from the Table 4.24 and Fig 4.9 that a unit shock in water 

available for rice crop dies down in period four and five and decrease rice 

production. A unit shock in water available to rice crop in period seven to period 

ten creates a positive impact on rice production. In period ten one standard 

deviation shock in water available to rice crop increased crop production up to 130 

points. This increase in rice production is greater than the all periods. 

4.7.4.5 Response of Rice Production to Average Temperature 

In Table 4.24 and Fig 4.9 the impulse response function of rice production to 

average temperature showed that a unit shock in average temperature has no effect 

in period one. In period two one standard deviation shock creates a positive impact 

and increase rice production up to 94.8 points. However this positive impact dies 

down in period three and creates a negative impact and decreases rice production. 

This negative impact created is carried out for each unit shock from period three to 

period five. From period six to period ten positive effects again dominates and a 
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unit shock in average temperature in period ten will increase rice production up to 

210 points. 

4.7.4.6 Response of Rice Production to Average Minimum Temperature 

In Table 4.24 and Fig 4.9 the impulse response function of rice production 

to average minimum temperature showed that a unit shock in average temperature 

has no effect in period one. However it dies down in period two and creates a 

negative impact and decreases rice production.. In period eight one unit shocks in 

average minimum temperature creates a positive impact and increases s rice 

production. This positive impact created is carried out for each unit shock up to 

period ten. In period ten one standard deviation shock increased rice production up 

to 87 points. This increase is grater then the previous periods.  

4.7.4.7 Response of Rice Production to Average Maximum Temperature 

In Table 4.24 and Fig 4.9 the impulse response function of rice production 

to average maximum temperature showed that a unit shock in average maximum 

temperature has no effect in period one. In period three one unit shocks in average 

maximum temperature creates a positive impact and increases rice production up to 

42 points. However it dies down in period four and creates a negative effect till the 

seventh period. In period eight where a unit shock in average maximum 

temperature increased rice production up to 90 points.  
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Table 4.24 Impulse Response Function of Rice Crop 

 

 

 

 Period PD AC AVT CD FR MINTEM MXTEM RAIN WA 

 1  458.8860  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

 2  193.0700  148.1112  94.80015  138.6532 -66.48540 -119.7588 -94.56199 -120.0063  4.095417 

 3  320.1524  16.65098 -228.0404  379.8915 -17.88558  113.0276  42.10135  55.25553  11.01197 

 4  219.9906  123.3933 -198.3989  90.78700  66.72546 -268.3817 -43.36467  0.888962 -62.72556 

 5  581.8444  336.4386 -81.63539  333.1677  315.0435 -97.72670 -117.8663 -115.7066 -79.62272 

 6  339.7266  364.2385  89.31047  305.6115  4.237485 -205.1776 -13.24842 -78.77917 -7.406293 

 7  353.1206  12.38531  0.307590  167.9038  59.98754 -6.161055 -81.02423 -36.40017  12.07972 

 8  177.7763 -57.82512  69.82375 -29.04254  64.83901 -54.14878  90.58391 -25.21080  26.39945 

 9  102.9457 -134.1456  141.5578 -245.2718  93.12484  62.01071 -58.71410 -78.59029  65.51808 

 10 -92.74458 -284.1550  210.5983 -318.6222 -39.76859  87.18666 -8.307131  9.415443  130.6659 
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Figure 4.9 Variance Decomposition of Rice Crop 
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4.7.4.8 Response of Rice Production to Average Rainfall 

In Table 4.24 and Fig 4.9 the impulse response function of rice production 

to average rainfall showed that a unit shock in average rainfall has no effect in 

period one. However it dies down in period two and creates a negative impact and 

decreases s rice production. However it again becomes positive in period three and 

four and has a positive impact on rice production. It again dies down in period five 

till period nine and decreases rice production. In period tend cone standard 

deviation shock creates a positive impact and increases rice production 

4.7.5 Variance Decomposition of Rice Crop 

4.7.5.1 Percent Variation in Rice Production due to Variation in Fertilizer 

Table 4.25 and Fig 4.10 showed the variance decomposition of rice 

production to fertilizer use. In period one there is no percentage variation in rice 

production due to variation in fertilizer used. In period two variations in fertilizer 

used brings about 1.29 percent variations in rice production. In period four and five 

the percent variation in rice production increased to 1.08 and 7 percent however in 

period ten, the percent variations in rice production due to variation in fertilizer 

used reduced to 4.9 percent. 

4.7.5.2 Percent Variation in Rice Production due to Variation in Credit 

Disbursed 

Table 4.25  showed the variance decomposition of rice production to credit 

disbursed. In period one there is no percentage variation in rice production due to 

variation in credit disbursed. In period two variations in credit used brings about 
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5.6 percent variations in rice production and in period three it became 24 percent. 

In period ten percent variation in rice production due to variation in credit bring 

about 22 percent variations. 

4.7.5.3 Percent Variation in Rice Production due to Variation in Average 

Maximum Temperature 

Table 4.25 showed the variance decomposition of rice production to 

average maximum temperature. In period one there is no percentage variation in 

rice production due to variation in average maximum temperature. In period two 

variations in average maximum temperature showed a 2.62 percent variation. In 

period three variations in average maximum temperature brings about 1.6 percent 

variations in rice production. In period nine and ten percent variation in rice 

production due to variation in average maximum temperature brought about 1.93 

and 1.74 percent variations. 

4.7.5.4 Percent Variation in Rice Production due to Variation in Average  

Rainfall 

Table 4.25 showed the variance decomposition of rice production to 

average rainfall. In period one there is no percentage variation in sugarcane 

production due to average rainfall. In period two variations in average rainfall bring 

about 4.2 percent variations. In period two the variation due to rainfall is 

maximum. However in period ten it decreased to 1.75 percent variation. 
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4.7.5.5 Percent Variation in Rice Production due to Variation in Average 

Minimum Temperature 

Table 4.25 showed the variance decomposition of rice production to 

average minimum temperature. In period one there is no percentage variation in 

rice production due to variation in average minimum temperature. Average 

minimum temperature brings about 4.2 percent variation in period two which 

decreased up to 4.12 percent in period three however in period four it became 

maximum at 11.65 percent. From period six to period ten, percent variation in rice 

production decreased with decreasing trend. In period ten average minimum 

temperatures brings about 6.4 percent variations in rice production. 

4.7.5.6 Percent Variation in Rice Production due to Variation in Average 

Temperature 

Table 4.25 showed the variance decomposition of sugarcane production to 

average temperature. In period one there is no percentage variation in cotton 

production due to variation in average temperature. In period two percent variation 

in rice production is not high but increased in coming periods. In period four 

percent variation in rice production becomes highest at 11.79 percent. In period ten 

percent variation in rice production is about 7.14 percent. 

4.7.5.7 Percent Variation in Rice Production due to Variation in Water 

Availability 

Table 4.25 showed the variance decomposition of rice production to water 

availability. In period one there is no percentage variation in sugarcane productions   
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Table 4.25 Variance Decomposition of Rice Crop 

 Period S.E. PD AC AVT CD FR MINTEM MXTEM RAIN WA 

 1  458.8860  100.0000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000  0.000000 

 2  583.2014  72.87123  6.449690  2.642293  5.652267  1.299617  4.216746  2.629033  4.234196  0.004931 

 3  810.7162  53.30457  3.379814  9.279343  24.88240  0.721206  4.125819  1.630174  2.655671  0.021002 

 4  922.3794  46.86807  4.400659  11.79519  20.19133  1.080473  11.65350  1.480398  2.051694  0.478680 

 5  1250.042  47.18329  9.639733  6.848556  18.09703  6.940002  6.956112  1.695083  1.973850  0.666343 

 6  1400.220  43.49157  14.44957  5.865108  19.18701  5.532077  7.691174  1.359928  1.889694  0.533871 

 7  1457.851  45.98805  13.33696  5.410570  19.02649  5.272660  7.096899  1.563425  1.805586  0.499362 

 8  1477.386  46.22787  13.13978  5.491795  18.56528  5.326754  7.044791  1.898288  1.787271  0.518173 

 9  1522.463  43.98820  13.14957  6.035927  20.07759  5.390140  6.799702  1.936271  1.949471  0.673139 

 10  1606.090  39.86009  14.94605  7.143098  21.97680  4.904749  6.404720  1.742558  1.755180  1.266753 
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Figure 4.10 Variance Decomposition of Rice Crop 
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due to variation in water availability. In period two percentage variations are about 

0.00493 percent which increased to 1.26 percent in last period.  

4.7.5.8 Percent Variation in Rice Production due to itself & Cultivated Area 

under Sugarcane Crop 

Table 4.25 showed the variance decomposition of Rice production to itself. 

In period one there is 100 percent variation in rice production due to itself. But in 

other periods percentage variation in production due to itself decreased through out 

to the last period. In last period percent variation in rice production due to itself 

ends up with 39 percent.  While on the other side variation in area under the rice 

crop also produced significant variation in rice production. The highest of the 

variation was in period ten which was 14.9 percent. 

 Table 4.24 and 4.25 showed the effect of climatic and non climatic 

variables on rice crop. Average temperature has a positive impact in later time 

period however it effected rice production negatively. In initial period 12 percent 

variation was showed when it was having a negative effect, however in later period 

variation was about 7 percent and depicted a positive impact in rice production in 

last periods. However (Desiraju et al., 2010) found that temperature escalations are 

sensitive to rice productions. (Ajetomobi et al., 2010) also evaluate the negative 

impacts on rice production. Rainfall has positive impact on rice production in 

earlier time periods. But increasing rainfall in later periods has a negative effect. 

Overall negative effect was dominating throughout ten periods however ( Joshua et 

al., 2010) proposed that rainfall will increase rice production. Variation in rainfall 

bought about 4.2 percent variation in rice production in period two i.e. increasing 
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rice production; however in later period’s average rainfall brought about 1.9 

percent variation in last period but overall negative impact dominated. Minimum 

temperature also affected negatively in initial period i.e. in period four variance 

decomposition showed a variation of about 12 percent which decreased in next 

periods. In last two time periods positive impact was encountered as variation 

brought in rice production was about 7 percent. Average maximum temperature has 

brought overall negative impacts. Water available to rice crop has lasted overall 

positive impact. In last period where there was a positive impact of water 

availability; variance decomposition explained about 1.2 percent variation in rice 

production. Average temperature also has a positive impact in last time periods 

where variation explained was maximum about seven percent. In initial periods 

maximum temperature lasted a negative impact. Variance decomposition showed 

about nine percent variation in rice production in period two. 

4.8 SIMULATION RESULTS FOR MAJOR CROPS 

Simulation scenarios are considered for the year 2030. Different scenarios 

have been analyzed. In first scenario we assumed that temperature is escalating 

while in second scenario we discussed the effect of increase or decrease in rainfall. 

We considered a temperature increase of 2o C, 4o C & 5o C while r we analyzed 

variation of 10 percent and 5 percent in rainfall. 

4.8.1 Simulation Results for Wheat Crop 

Table 4.26 showed the percentage change in wheat crop production under 

different climate change scenarios. In scenario one where temperature increased 

from two to four degree till 2030 the percent decrease  brought in wheat production 
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was about 8 percent however in second scenario when temperature increased from 

four to five degree till 2030, percentage decrease was about ten percent. In rainfall 

scenarios when rainfall increased from five percent to 10 percent, wheat production 

decreased to 2.94 percent and when rainfall increased from 10 percent to 15 percent 

reduction was about 0.9 percent. 

4.8.2 Simulations for Maize Crop 

Table 4.26 also showed the percentage change in maize crop production 

under different climate change scenarios. In scenario one where temperature 

increased from two to four degree till 2030 the percent decrease  brought in maize 

production was about 10.4 percent however in second scenario when temperature 

increased from four to five degree till 230, percentage decrease was about 5.8 

percent. In rainfall scenarios when rainfall increased from five percent to 10 

percent, maize production increased by 0.3 percent and when rainfall increased 

from 10 percent to 15 percent increase was about 1.9 percent. 

4.8.3 Simulations for Cotton Crop 

 Table 4.26 showed the percentage change in cotton crop production under 

different climate change scenarios. In scenario one where temperature increased 

from two to four degree till 2030 the percent increase  brought in cotton production 

was about 2.9 percent however in second scenario when temperature increased 

from four to five degree till 2030, percentage increase was about 1 percent. In 

rainfall scenarios when rainfall increased from five percent to 10 percent, cotton 

production decreased by 1 percent and when rainfall increased from 10 percent to 

15 percent decrease was about 1.05 percent. 
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4.8.4 Simulations for Rice Crop 

Table 4.26 also showed the percentage change in rice crop production under 

different climate change scenarios. In scenario one where temperature increased 

from two to four degree till 2030 the percent decrease  brought in rice production 

was about 7.65 percent however in second scenario when temperature increased 

from four to five degree till 230, percentage decrease was about 11.5 percent. In 

rainfall scenarios when rainfall increased from five percent to 10 percent, rice 

production decreased by only 0.3 percent and when rainfall increased from 10 

percent to 15 percent decrease was about 0.59 percent. 

4.8.5 Simulations for Sugarcane Crop 

Table 4.26 showed the percentage change in sugarcane crop production 

under different climate change scenarios. In scenario one where temperature 

increased from two to four degree till 2030 the percent increase brought in 

sugarcane production was about 0.44 percent however in second scenario when 

temperature increased from four to five degree till 2030, percentage increase was 

about 0.31 percent. In rainfall scenarios when rainfall increased from five percent 

to 10 percent, rice production increased by only 2.37 percent and when rainfall 

increased from 10 percent to 15 percent increased was about 3.21 percent.
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Table 4.26 Simulation results of major crop production changes as affected by climate change scenarios for year 2030: 

Scenarios Wheat Maize Cotton Rice Sugarcane 

Average Temperature Increases from 2 ºC to 4 ºC (8.00%) (10.40%) 2.90% (7.65%) 0.44% 

Average Temperature Increases from 4 ºC to 5 ºC (9.90%) (5.80%) 1.00% (11.50%) 0.31% 

Average Rainfall increases from 5% to 10% (2.94%) 0.30% (1.00%) (0.30%) 2.37% 

Averageg Rainfall increases from 10% to 15% (0.90%) 1.90% (1.05%) (0.50%) 3.21% 

* The values in brackets ( ) shows the % decrease in crop production 
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4.9  CLIMATE CHANGE IMPACTS IN BOTH SHORT AND LONG 

RUN (Reflections from VAR & Simulations 2030) 

In table 4.27 the climate change impacts are traced in both long and short 

run. The short run is explained by the results from the VAR model while we 

explained the simulation results for year 2030 as long run. The result differed in 

both long and short run. While tracing the impacts of Average temperature on 

wheat crop it was found that in short run increase in average temperature has a 

positive effect but in long run increasing temperature will print negative impacts. 

Driving policies which can help in reducing temperature will reduce negative 

impacts in long run. Average rainfall has negative effects in both long and short 

run.  

 In case of Rice crop Average Temperature has negative effects in both runs, 

so avoiding the disastrous effects emphasized on producing heat tolerant varieties. 

Increasing rainfall traced positive effects in short run but has a lasting negative 

impact in long run. Rice crop also showed sensitivities to increasing temperature in 

both the runs while average rainfall in short term produced positive impacts but in 

long runs it showed negative effects.  

Sugarcane crop showed serious concerns to increasing temperature in short 

run but in long run the concerns are reduced. Increasing rainfall produced 

beneficial effects on sugarcane production in long run as well as short run. Cotton 

crop which is a temperature loving crop give fruitful outcomes as temperature 

increases in both long and short run while average rainfall has clearly affected 

badly the cotton crop. It is deducted from the above outcomes that serious 
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attentions should be given towards the policy making, so that the negative effects 

of climate change which are clearly evident from the results to safeguard future of 

all the crops productions. 
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Table 4.27 Climate Change impacts in Short & Long Run 

Climate change Affects in Short Run: 

Reflections from VAR Results 

Climate change Affects in Long Run:  

Reflections from Simulation Results for 

                              ( 2030) 

Crops  Avg.Temp  Avg. Rainfall               Avg.Temp  Avg. Rainfall  

Wheat  + - - - 

Rice  - + - - 

Maize  - - - + 

Sugarcane  - + + + 

Cotton  + - + - 
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SUMMARY 

Climate change is considered as a burning issue of the modern time and is 

considered to be affecting every field of life. Its benefits and harms are witnessed 

in different cases all around the world. Agriculture sector is highly imperiled to 

climatic transformations, as the sector directly depends upon the climate. Review 

of the studies of the past has made clear, the effects of the changing climate on the 

farming community. These farmer communities have witnessed severe losses in 

their production abilities of their crops in different parts of the world. 

To empirically evaluate the impact of climate change on major crops of 

Pakistan, the study was conducted by considering the data of all the core variables 

from 1981 to 2013. VAR model approach estimated the said impacts of 

temperature and rainfall on major crop productions. The model also considered 

some of the non climatic variables like cultivated Area under the crop, fertilizer 

used, credit availability and water availability. Further the simulation results were 

estimated for different climate change scenario for year 2030. 

Results depict that climatic parameters have substantial effects on 

production abilities of all the major crops of Pakistan. Average minimum 

temperature is considered to have positive impact on wheat crop. Impulse response 

function and variance decomposition showed that minimum temperature will effect 

wheat production positively, as there is a 17 percent variation in wheat production 

due to minimum temperature. Average maximum and average temperature both 

have reduced the wheat crop production. (Mahmood & Khalil, 2013; Vahab et al., 

2013; Huang & Khan., 2010) also produced the influential negative impacts on 
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wheat crop. When temperature increased from four to five degree till 2030, 

percentage decrease was about ten percent. Average minimum temperature depicts 

overall positive impacts on maize production. However in earlier periods i.e. period 

three to period five negative impacts was visualized but in later periods average 

minimum temperature increased maize production as variation in average 

minimum temperature only brought about maximum 0.42 percent variation which 

was not too much variation but still lasted positive impacts. Average maximum 

temperature also effected positively the maize production bringing about nine 

percent variations in maize production in tenth period. Average temperature also 

has overall negative effect dominating but variance decomposition showed that 

average temperature doesn’t produced significant variation towards maize 

productions. When average temperature increased from four to five degree till 

2030, percentage decrease in maize production was about 5.8 percent. Temperature 

component showed fruit full results for cotton crop. Average temperature, Average 

maximum and minimum temperature produced positive effects on cotton 

production. Average minimum temperature showed four percent variation in cotton 

production in period three i.e. maximum variation. Average minimum temperature 

showed a three percent variation in period four however average minimum and 

average maximum temperature overall lasted positive impacts effect hence 

increasing cotton production. Scenario when temperature increased from four to 

five degree till 230, percentage increase was about 1 percent. 

Sugarcane crop was also sensitive to temperature changes. Average 

maximum temperature impacted sugarcane production positively. Average 

maximum temperature showed a variation of approximately 4 percent, bringing a 
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significant increase in sugarcane production. Average minimum temperature 

overall portrayed a negative impact on sugarcane reduction. In period ten variations 

in sugarcane production decreased due to average minimum temperature reduced to 

4 percent i.e. a decrease in the negative effect was noticed. When temperature 

increased from two to four degree till 2030 the percent decrease brought in rice 

production was about 7.65 percent. Rice crop was hurt by average temperature. 

Seven percent variation was explained due to average temperature. Average 

Minimum and Maximum temperature lasted negative impacts on rice productions. 

 Rainfall impacts were also important to consider as average rainfall showed 

declining impacts of increasing rainfalls on wheat crop in future time periods. when 

rainfall increased from five percent to 10 percent, wheat production decreased to 

2.94 percent in 2030. Increasing Rainfall has a positive impacts in initial period 

however increasing rainfall in later time periods effected wheat production 

negatively. Rainfall helped adversely towards maize production abilities bringing 

about 1.5 percent in last period which the maximum variation was caused by 

average rainfall. Average rainfall has a clear negative impact on cotton production. 

Variance decomposition showed that average rainfall has brought about 13 percent 

variations in cotton production hence creating a negative impact. Rainfall increase 

from 10 percent to 15 percent decreased cotton production by1.05 percent by year 

2030. 

 Rainfall effected sugarcane crop positively. Variance decomposition 

showed variation of about 2 percent. Rainfall increase from 10 percent to 15 

percent increased sugarcane production which was about 3.21 percent. Rainfall has 

positive impact on rice production in earlier time periods. But increasing rainfall in 
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later periods has a negative effect. Overall negative effect was dominating. When 

rainfall increased from five percent to 10 percent, rice production decreased by 

only 0.3 percent and when rainfall increased from 10 percent to 15 percent decrease 

was about 0.59 percent by tear 2030. 

Non climatic variable also shows significant impacts on major crop 

productions. Water availability significantly added for the entire major crop 

showing that time availability of the water required surely enhances crop 

productions. Fertilizer role towards crop production were also very positive i.e. 

timely fertilizer application enhanced crop production for all the crops. 

Concluding, the rainfall variable is going to beneficial for sugarcane crop 

production. However, it negatively affects wheat, maize and cotton crop. In case of 

rice it has a beneficial impact in initial period however in long run it has a negative 

impact. Temperature variable has also lasting impacts on crop production. Some 

crops will benefits while some will lose their abilities. Average minimum 

temperature played a positive role towards the production of wheat, maize and 

cotton while reduced the production abilities of rice and sugarcane. Average 

maximum temperature added positively towards maize and cotton while on other 

hand it reduced the production of wheat, sugarcane and rice. Similarly average 

temperature considerably added towards cotton and sugarcane production while 

negatively affected the production of wheat, maize and rice. 
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CONCLUSION 

This study used VAR model for quantifying likely impacts of climate change on 

major crop production in Pakistan. The results of the analysis indicated that 

production abilities of all major crops are sensitive to climate change variables.  

                      The outcomes of VAR model indicate positive impacts on wheat 

production. The estimated impacts of climatic variables indicate that global 

warming will affect wheat production of Pakistan. Results showed that average 

minimum temperature has a positive impact on wheat crop as indicated by impulse 

response function and the variance decomposition showed that minimum 

temperature will effect wheat production positively, as in tenth period average 

minimum temperature brought about 17 percent positive variation in wheat 

production. Average maximum temperature has overall negative impact on wheat 

production. Increase in average temperature also has severe effects in long run. A 

rise in temperature from two degree to four degree will result in an 8 percent 

reduction in crop yields for year 2030. Water available for wheat crop showed 

positive impacts stating that increase in water availability will increase wheat 

productions. A positive Policy shift will surely help in increasing wheat production. 

Increasing Rainfall has a positive impact in initial periods; however, increasing 

rainfall in later time periods effected wheat production negatively. Increasing 

rainfall from 5 percent to ten percent reduced wheat production up to 3 percent in 

year 2030. It was non climatic variables such as fertilizer which significantly 

increased wheat production causing a variation of about 46 percent in eight year 

time period as evident from variance decomposition. It is needed that special 

policies should be designed to increase the  
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Input for the local farming community. 

  Maize crop was also found highly sensitive to climatic changes. Average 

maximum and minimum temperature was found effecting positively the maize 

production. In period ten average maximum temperature brought about 9 percent 

variations in maize productions. Average temperature also lasted negative effects 

on maize crop. Simulations showed 2 to 4 degree increase in temperature reduce 

maize production about 11 percent in 2030. Increasing rainfall in initial period has 

positive impact on maize crop while in later period it affected adversely towards 

maize production abilities. Simulation results showed that in 2030 rainfall increase 

maize production only about three. Non climatic variables like fertilizer used and 

credit taken created a positive impact increasing maize yields. 

 Cotton crop also showed sensitivities to climatic variables. Results 

confirmed that cotton production will decline as a result of rainfall increase. 

Variance decomposition showed that average rainfall has brought about 9 percent 

variations in cotton production hence creating a negative impact. Simulation results 

showed that in 2030 rainfall increase of 5 to ten percent will decreases cotton 

production about one  percent .Temperature component clearly has a positive 

impact. Average minimum, average maximum and average temperature all are 

showing positive impact. Variance decomposition showed 10 percent variation in 

cotton production due to average temperature. Temperature increase from 2 degree 

to four degree will increase cotton production of approximately 3 percent. Fertilizer 

use efficiently added towards crop production showing a variation of about 4 

percent as confirmed by variance decomposition. 
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      Sugarcane production is also under stress of variations in climatic variables. 

Rainfall clearly lasted positive impacts on sugarcane production. Simulations for 

year 2030 presented that by increasing rainfall from 5 to 10 percent sugarcane 

production will increase up to 2.37 percent. Water availability confirmed that 

production will increase if timely availability of water is made possible to the 

farmers. Average maximum and average temperature portrayed a positive impact. 

Average temperature in later period lasted positive impacts while average 

minimum temperature produced negative impacts for sugarcane production. 

Average temperature increase from 2 to 4 degrees brought about 0.4 percent 

increase in sugarcane production. Fertilizer use contributed positive. Positive effect 

decreased with decreasing trend as variation in sugarcane production due to 

fertilizer used. 

Rice crop Production was greatly hurt by increasing rainfall. Increase in 

rainfall in earlier periods increased rice production but it has lasting negative effect 

when there was too much rain. Overall negative impact dominated. Increase in 

rainfall from10 percent to 15 percent will decrease rice production about 0.59 

percent. Minimum temperature also affected negatively in initial period i.e. in 

period four variance decomposition showed a variation of about 12 percent which 

decreased in next periods. In last two time periods positive impact was encountered 

as variation brought in rice production was about 7 percent. Average maximum 

temperature has brought overall negative impacts. Average temperature also has a 

positive impact in last time periods where variation explained was maximum about 

seven percent. In year 2030 increase in average temperature from 4 degree to 5 

degree will decrease production about 12 percent. 
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POLICY AND RECOMMENDATIONS 

 Rising threats of climatic change may manipulate the production abilities of 

major crops of   Pakistan. Being considered as an agricultural country we must be 

proficient to shelter our domestic consumption by making surplus productions so 

that they can be a source of foreign earning. In this context it is the need of the time 

that we should cope with rising risks of climate change towards the crop sector in 

Pakistan.  

The literature reviewed showed that climate is going to illustrate its impact 

on every aspect of life; some of it has started to shown, like global warming, while 

many other changes are to come. Agriculture sector is most vulnerable to these 

climate changes as it directly depends upon the climatic parameters like, 

temperature, rainfall, humidity etc. The impact of climate on agriculture may be 

different depending upon different conditions i.e. for some regions of the world it 

may be beneficial while in some it cause severe harm and loss in production. It 

mainly depends upon the location, technological advancement, institutional setting 

of that area and also the development level of that location. 

We need some adaptation strategies. Global warming is considered as a 

main issue toward climate change. Therefore, plant breeders need to focus efforts 

in developing heat resistant plants which will provide safeguards from rising 

temperatures. Farmers of our country are generally uneducated; they must know 

that changes in climate will directly result in output reductions of their crops 

.Availability of timely knowledge will help them to correct their production 

strategies. This could be achieved by establishing farmer school system. Extension 

 

176 



177 
 

 

education will need to be utilized to its full capacity. Government could take 

serious steps to enhance the performance of this department 

Precipitation levels, pattern as well as the distribution of rainfall are being 

changed due to climatic changes which brought the importance of climatic resistant 

seeds varieties to be developed, which will also help to combat climatic 

unevenness. It has also been encountered that the growth periods of crops are 

becoming short so it emphasized that timely adjustments of sowing of crops should 

be practiced. The floods in our country in recent time have shattered nearly all 

major crops. It is now needed that government should take necessary action to 

stock up the surplus water. This measure includes construction of more dams, 

improving water management and increasing the capacity of irrigation system. 

Government should start projects which are of great interest for the farmers. These 

include projects like, new innovation in irrigation techniques. Government could 

make farmers communities at village level, and can finance them in their local 

agriculture issues more precisely. Accessibility of the farmers to seeds, fertilizers 

and pesticide before the new season helps improving their incomes. 

It is also suggested that government should prepare regional strategies 

according to their climatic concerns. Addressing these climatic concerns will 

increase production of major crops. It is also a key to note down that research 

institutions have to play their role to make available the up to date happenings 

which will ease the way to fight against climate change. To make farmer aware of 

the disastrous impacts of climate change soft interventions are needed. Soft 

interventions will make working for the harder intervention more effective and will 

definitely increase the capacities of the farmer communities. 
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Future Vision 

Climatic variables should be taken across various stages of production of 

each crop. This would help to capture more sensitive aspects. The analysis should 

be extended to other crops for having a broader picture. Minor crops of Pakistan 

which are having a significant share towards total crop production should also be 

tested against the vulnerabilities of climate change. Some other climatic variables 

like solar radiation, relative humidity, cloud cover, etc can also be tested. 
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