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ABSTRACT
Agriculture in many ways is affected by climate change particularly in rainfed areas.
The instant study aimed at investigating farmers’ perceptions about change in climate,
adaptation measures taken and the potential impacts on crop productivity. The study
included wheat, maize and guara crops and districts selected were Mansehra and Lakki
Marwat. Multi-stage sampling applied to select five Union Councils (UCs), one
village council from each UC, one village from each village council and 328
households. The secondary data, spread over 30 years from 1984 to 2013 pertaining to
temperature, precipitation, area under cultivation and yield of crops was collected.
Analytical models used were Logit Model along with Chi-square test and ARDL
Model. Regarding farmers perceptions, results show that farmer’s age and farming
knowledge level were positively and significantly associated with perception.
However, size of HH, farming types and area under cultivation are negatively
associated. The Chi square results indicated that size of household, farming
experience, education level, farm types and size of cultivated area showed significant
association of farmer’s perception with regard to climate change.Regarding farmers’
adaptation measures, age of farmers, practicing mulching and farming experience
were positively and significant associated with adaptation. Data on climate and
farmers’ perception showed well awareness of farmers about variations in climate and
their challenges. Most farmers demonstrated some adaptation measures which were
mainly influenced by climate change perceptions. The results pertaining to impact of
temperature and precipitation on wheat yield suggested long-run association of
variables. Temperature is positively as well as significantly related in Mansehra but
negatively and significantly related in case of Lakki Marwat. The precipitation was
positive as well as significant for both the districts. Short-run relationship implied
about 100%, deviations from long term equilibrium wereyearly adjusted in case of
Mansehra and 73% in case of Lakki Marwat. The results of wheat area suggested
long-run association of the variables depending upon F-Statistics value. Both
temperature and precipitation were positively and in-significantly related to the area
under wheat in case of Mansehra but negatively and significantly related in case of
Lakki Marwat on long-run basis. The short-run association between wheat area and
temperature and precipitation implied that arund 49% and 77% deviations of long-run
equilibrium are to be adjusted each year in case of Mansehra and Lakki Marwat
respectively. The results pertaining to maize yield suggested long term association of
the variables. Both temperature and precipitation were positively and significantly
viii

linked with the maize yield on the basis of long-run. The short term analysis showed
about 64% deviation of long-run equilibrium was accommodated yearly. Long run
relationship also existed among the variables in case of maize area. Temperature was
positively and significantly but precipitation was positively and insignificantly related
to maize area under cultivation in the long run. The result regarding guara yield
suggest that both temperature and precipitation were positively but insignificantly
related to the guara yield while both temperature and precipitation were positively and
significantly associated to the guara area on the basis of long term. Short term
relationship showed about 67% deviation of long run equilibrium wasyearly adjusted
in case of yield and 88% in case of area. Based on objectives of the research study and
field findings recommendations offered include; the farmers awareness drive, policies
to promote adaptation measures, enhancing farmers’ adaptive capacity to strengthen
local resilience, making meteorological information available to farmers, design
research plans to evolve crops varieties addressing changing climatic challenges, and
further research to estimate range of temperature and precipitation within which crops
under study perform better.
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I.
1.1

INTRODUCTION

Background
Currently most complex problem confronted by international community is

climatic changes. The adverse effects of climatic changes have been in quantum and
are directly impacting the challenges faced in addressingfood sufficiency and poverty
alleviation globally as well as this region. This is in line with the valid arguments
made by Watson (2001) for developing countries. Agricultural sector is being affected
in a number of ways due to changes in climate having consequences for agricultural
productivity in the fields (Ziervogel et al., 2006). Some of the important factors
responsible for increase in poverty and under development throughout the world
include recurrent droughts, floodings, fluctuating temperatures and land deterioration
which are resulting from climate change (Adger et al. 2007 and Rosenweig and Hillel
1998).
In rainfed areas, climate is the key to crop productivity, thus droughts, floods
or extreme temperatures could devastate agriculture sector. This devastating situation
could result into poor and unsustainable livelihood of the communities depending on
agriculture in the rainfed areas. (Calzadilla 2009).There are number of areas in
Pakistan which are entirely dependent on rainfall for agricultural activities. Khyber
Pakhtunkhwa is no exception and some of its districts are rainfed and are most
vulnerable to change in climatic conditions.

1.2

Climate Change: Global Scenario
IPCC’s (2007) declares that worldwide the temperature has increased by 1.5

degree celsius and the increasing trend in temperature will continue even after the year
2100. However in case of scenario with lower emissions of CO2, the increasing trend
in temperature will be with lower pace. In case of higher CO2 emissions rate, global
warming has been estimated to be exceeding by 2 degree Celsius till the year 2100.

According to Climate Change Synthesis Report (2014), the limit of global
1

surface temperature increases to 1.5 degrees Celsius and continues to rise beyond 2100
in all scenarios except lower emissions scenario. In scenarios with higher rates of
CO2emissions, global warming is likely to exceed 2 degrees celsius by the year 2100.
To come out with evidence about adverse effects of climatic changes on agriculture
including ecosystem services became a critical challenge for development
practitioners around the globe. It is internationally recognized that decreased
productivity of agriculture sector means GDP level loss, decrease in income and
consumption for the most vulnerable populations and deterioration in households’
welfare. Thus influence of climatic changes continuously poses major threats to rural
livelihoods (Nhemachena, 2009). This also challenges the development of advanced
technologies which can improve livelihoods of rural people, as well as conserving the
local environment.
Some very serious consequences of climate change can significantly affect
human welfare with respect to food, energy and health. Variations in climatic
conditions and impact of these variations on weather trends have been putting negative
effects already on agriculture sector particularly production of food and food related
global security. The changing climatic patterns also deter mankind efforts to bring
poverty level down and socio-economic growth in climatic prone economic segments
such as agriculture (Diao, 2010).Climate change may alter rainfall patterns, drought
cycles, more frequent severe weather patterns, increased diseases and agricultural
pests (Yanda P.Z. 2010 and Hewitson B.C. 2010). Moreover, consequent to climatic
changes, the overall productivity of agricultural farms decreased in general
(Makungwa, 2010).

1.3

Climate Change: Local Scenario
Being an agricultural based economy, Pakistan is under immediate risk

because of global climatic variability. The country ranked 12th amongst the most
vulnerable states expected to have brunt of the climatic changes (Global Climate Risk
Index 2015), and it has been witnessed recently that the country is sensitive to all the
increases

in

temperature

and

changes

(http://stsfor.org/content/climate-change-conundrum-pakistan

in
dated

precipitation
11.03.2016).

These changes have led to increased vulnerabilities to agriculture, forestry and water
2

resources, upon which a large part of the economy and livelihood depend. Pakistan
being a developing country is likely to face severe challenges on account of economic
and social development, environmental sustainability and land degradation. The
adverse outcome of climatic changes are already been felt in Pakistan because of
recurring droughts, increased intensity of floods un-predictable weather patterns and
changes in behavior of agricultural production systems. Losses of biological diversity
and reduction in fresh water supply in the vulnerable regions are other evident impact
of the climatic changes. Pakistan’s vulnerability is more evident due to its agricultural
based economy.
Temperature increase due to climate change, impacts the biophysical
relationships of natural resources such as shortening the growing periods, changing the
living patterns of species and increasing thermal impact and drought, change in water
requirements, and altering the properties of the soil and increasing the risk of pests and
diseases(wikipedia.orgdated 02.04.2016).However, there are different types of effects
of changing climate on natural resources particularly agriculture sector across diverse
agro-ecological zones. In the dry western mountain areas, temperature increase can
enhance the process of removing glaciers affecting water resources upon which
country depends to produce energy and crops. These mountain areas are already under
extreme pressure because of the various anthropogenic and natural activities. As a
result, there is an ongoing process of environmental degradation in those areas.
Climate change is posing a challenge to national level disasters. Pakistan
would suffer serious consequences even in greater extent than commonly envisaged in
policy documents and perceived by the public leaders. Pakistan is being experiencing
the worst disasters in history since 2001. It has been reported that the temperature is
steadily increasing in summer as well as in winter more in northern parts of Pakistan
as compared to its southern regions. The 2010 floods had crushing effects in terms of
life and livelihoods of a great number of people in Pakistan. There has been no price
tag on the lives lost but recovery cost of the remains was estimated by the various
agencies to the tune of USD8.74 to 10.85 billion (Fazal A. K. & Ali S. 2012). Besides
damaging standing crops, the rural population also lost livelihoods assets due to
devastating flooding. The floods not only damaged standing crops, but also deprived
rural dwellers of their livelihood assets. Pakistan has been facing serious natural
3

disasters for last few decades, however no research based empirical evidence of the
impact and its severity has been carried out that needs to be undertaken (Yu, Winston
et. al., 2013).
The main factors causing environmental degradation are mainly humans
induced i.e. mismanagement, excessive exploitation of natural resources, deforestation
and unsustainable agricultural practices. Global climatic changes which result in
increases in temperature and changes in precipitation are expected to further enhance
the ongoing process of deterioration of watersheds and seriously threaten the
sustainability of mountain areas, as well as the sub-mountain plains downstream in
Pakistan in General and Khyber Pakhtunkhwa (KP) in particular.

1.4

Climate change and Agricultural Sector of Pakistan
Climate change is unfolding disasters at global, regional and national levels.

The agriculture-based economy of Pakistan is faced with immediate danger because of
changes in climate. The country ranked 12th among most expectedly affected
countries due to change in climate, and in recent past the country was sensitive to
increase in temperature and changes in precipitation. These changes have led to
increased vulnerabilities to agriculture, forestry and water resources upon which a
large part of the economy and livelihood depends.
Today the country's agriculture sector is seriously threatened by the impacts of
changing climate, led by an increase in global temperatures followed by cold
conditions at other locations. This change has brought many challenges for the
agriculture sector in the country in the shape of long periods of drought, floods, high
winds, change in the behavior of the crops, increase in livestock diseases/ pests and
acute water scarcity, etc.
Climatic changes and their impacts are becoming gradually obvious in case of
Pakistan. Its negative effects are considered too high In South Asia, Pakistan is
considered most exposed country to the climatic changes and their impacts. It is
reported that within south-Asia, Pakistan would be facing worst impacts of changing
climate scenario. Within the country, regions arid land will be on the top of affected
list. Such arid regions will face a whole brunt of adverse impacts in terms of their
socio-economic conditions, physical, environmental as well as biological resources.
4

Additionally, the biomass of the arid land may also increase alongwith shift in crop
production cycles because of changes in climatic conditions (Khan et al.2012).
Flooding usually left widespread destructions in the upper regions of the
country, and later led to the South causing heavy losses in Punjab and Sindh and parts
of Balochistan. Over 20 million people were affected, leaving more than 1600 people
dead and a large number of homes damaged or destroyed in 2010. Similarly these
floods affected many villages and swept away more than 0.7 million hectares of
standing crops (Bukhari and Rizvi 2017). This flooding impacted most fertile and
productive land of the country and turned this into sand and mud by altering soil
structures(Hassan et al., 2008).

1.5

Climate Change Perception and Adaptation
According to Maddisons (2006) & UNFCCC (2009), there are 2 phases of

climatic changes adaptation. The 1stphase is related to the understanding of the farmers
about the observance of change in climatic conditions that refers to farmer’s
perception. Actually the perception is the phenomenon in which farmers get the
information or indication from their surroundings and convert them into their
psychological awareness. The second phase is related to actions of the farmersbased
on their perception about climatic variations and this refers to the adaptation
techniques by the farmers. Basically, adaptation is a reaction to climatic variations that
help to minimize the vulnerabilities pertaining to biological and social environments
to abrupt changes through modifications and help to reduce the impact of climatic
variations. It has been argued that adaptationby the farmers of innovative crop
husbandry production system mainly depends upon the level of perceiving about
climatic changes. The greater level of perception and favorable reaction by the farmers
towards climate change works towards sustainability of environment and eco-system.
Thus the farmers’ perception about climatic changes is prioritized by maximum
information on its physical happening around and increasing their psychological
awareness (Ban and Hawkins, 2000).

Innovations and actions are used for reducing the level of vulnerability of
natural resources and livelihoods against the adverse impacts of climatic changes
5

(IPCC, 2007). Maddison (2006) suggested that it is imperative for the farmers to first
observe changes about climate and then look for alternate measures to adapt for
implementation. Although the farmers notice the changes in the crop production
system but usually they are not aware of linking these changes to environment. It is,
therefore, important that farmers’ perception about changes are linked to the climate
and its variability, so that they are made part of producing innovative technologies
through participatory methodologies pertaining to climatic changes and subsequent
capacity building of these communities.
Understanding the concept of climate change perceptions can also be important
for farmers and their willingness to adapt and change their practices (Speranza 2010).
Before initiating any policy on adaptation on climatic changes by the farmers, it is of
utmost importance to understand what level of perception farmers are possessing
about changes in climate and their awareness about the methods for adaptation as well
as knowledge about barriers which impede adaptation to climate change (Acquah,
2011). In order to have meaningful adaptation in the agriculture sector, the farmers
must first perceive climate change and adapt measures based on effective policy
guidelines provided by the policy makers (Ryan et al, 2009). In order to have effective
adapting measures against change in climate, the farmers needs to have exact
information/ perception about the climatic situations in their own environment as well
as their understanding about expected future effects. Besides adaptation, another term
‘Mitigation’ is also exercised to combat adverse effect of climatic changes. According
to IPCC (2017) mitigation means reducing of human or anthropogenic related
emission of Greenhouse Gases. While mitigating may be attained through increased
capacity of carbon sinks such as reforestation (Oppenheimer, M., et al. 2014). Thus
mitigating means the activities which restrict the quantum or speed of climatic
changes in the long-run. However mitigation is not in the scope of this research study.

6

1.6

Determinants of Climate Change Perception and Adaptation
Akter & Bennett (2009) and Hassan & Nhemachena (2008) stated that

awareness or perception about change in climate and resultantly adaptation techniques
are determined by various environmental and other factors important amongst which
are house hold size, farm size, education, livestock ownership, access to credit and
agro-ecological zones (Deressa et al., 2011). Ishaya & Abaje (2008) argued that age of
the farmer along with agricultural experience, usually become important factors in
realizing perception about change in climate. Household heads’ literacy level is
considered to play a positive role towards early awareness about impact of climate
change. The outreach efforts in creating awareness by agriculture extension agents are
considered more effective in providing enabling environment for adaption of
agricultural techniques by the farming communities that are more appropriate in the
context of local scenarios (Maddison 2006).
Isham (2002) stated that social capital in the form of exchange of information
through farmer-to-farmer contacts within the villages is of great significance towards
farmer’s perception about climate. Semenza et al. (2008) reflected that farmers with
high incomes are more inclined to be informed about climatic variations than those
having fewer resources. It means that the income level of the farmers whether income
received from agricultural or non-agricultural sources has influenced on farmer’s
perception towards climatic conditions.
A number of studies indicated some other factors influencing farmer’s
perception towards environment. Leiserowitz (2006) has indicated such factors
including membership of environmental groups, ethnic background, newspaper
readers and gender. While Maddison (2006) & Gbetibouo (2009) identified access to
outreach services, education, soil types, geographical site as factors influencing
farmer’s perception. Giving the example of environmental conditions Diggs, (1991)
stated that arid area farmers are experiencing frequent droughts, whereas wet area
farmers may not consider frequent droughts a phenomenon of climate change.

1.7

Theoretical Framework
The theoretical framework applied pertains to two theories. The one is
7

Capability Theory (Nussbaum, 2011, 2003; Sen, 2004, 1999) and the second is
Random Utility Maximization Theory (Cascetta, 2009; McFadden, 1974).
Capability Theory, as argued by Goerne, (2010) it is about examining the
capabilities of communities which are essential for them to have sustainable
livelihoods. The functioning of an individual shows the collection of thinking and
actions and an observation of different results achieved by an individual. The core
contention of theory is based on the necessity to judge unbiased measures in the
distributive forms as well as the way these are to affect the eventual welfare and
sustainability of livelihoods of the people. The fundamental query to justice is about
our capability to be able to actually do something which may not be restricted to GDP
or commodities rather their enabling effect on people’s functioning as argued by
Nussbaum, (2011). The capability theory focuses on level of capacities possessed by
the individuals and which are necessary to lead a sustainable living. These are the
capacities having support from multi-dimensional actors including ecosystems, which
are dependent upon a steady system of climate in a particular region.
The approach followed by capability theory offers notions which incorporate
contemporary framing of climate justice which according to Schlosberg (2011) is an
approach which is mostly applied to the advancement of adaptation policy. As the
capability approach targets the elementary necessities which are essential for people’s
human life to function and growth. Therefore it becomes imperative to align
adaptation policies per climate justice in order to guard the elementary working of the
communities together with the environment
Climatic changes are to disturb the ability of the communities to use the
resources for example if climatic changes obstruct agrarian activities and / or also
damage the infrastructure at local level than people’s functioning is to be very limited.
In such a situation, according to Schlosberg (2009), climatic changes will be obstacles
to functioning livings. The other effects like mental health occur due to increased
pressure on climate migrants and general worries due to the consequences of climatic
changes that may create hurdles to the capabilities of individuals’ emotional
health.(Nussbaum, 2011).

8

Importantly the capability-based methodology to climatic adaption is neither
top down approach neither an expert driven matter. It is important that communities
are comprehensively engaged in defining the vulnerabilities of their own as well as
crafting fair adaptation policies that are to safeguard them in future from climatic
changes which impede their capabilities to function as argued by Ribot, (2010) and
Schlosberg, (2009).
The Capability Theory thus offers an approach that provided methods of
investigating specific needs of the people as well as detecting gaps that obstruct
communities efforts against adaption to climatic changes are defining adaption
policies as well as determining the achievements of applied adaptation policies.
The Random Utility Maximization Theory provides the framework related
to taking a decision for any type of adaptation measures option. Under the framework,
communities choose an option based on their preference and while preferring an
adaptation measure, no influence is taken from other random factors (McFadden,
1973). According to Cascetta (2009) and Luce (1959), deterministic and an error
component are the basis of the utility of choice. Here error component functions as an
independent component of deterministic part that tracks pre-arranged distribution. The
framework displays that usually it is not likely to forecast with certainty the alternate
which a decision maker has to select. It may also be noticed that there is a possibility
of expressing that supposed utility linked with specific options is bigger than other
alternatives available. The utility which people obtain by consuming a good is consist
of observable deterministic component i.e. utility function as well as a random
component. Cascetta (2009) argues that by assuming that the utility is dependent on a
number of choices selected out of some options available for adaptation. A person is
expected to follow utility function in a rational way. In case of agriculture, rational
farmers want to maximize the current worth of benefits of their agriculture production
over a particular time period must select from among a given set of options available
for adaptation. Thus the rational farmer is to take an option for adaptation if the farmer
perceived that option to have greater benefit by adopting that option, which means he
is receiving more utility compared to options available to him. The utility resulting out
of any option adapted is presumed to depend on the features of the options adapted as
well as socio-economic features of the adapting farmers (Cascetta 2009). There are also
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chances that a farmer may not select an adaptation option which apparently seems a
preferred one. In order to clarify such type of variations while making a choice, a random
element is involved as a component in the utility function (McFadden, 1973).

1.8

Statement of the Research Problem
Agricultural systems are very important as sources of livelihood for the rural

communities of rainfed areas. Majority of the 30.50 million masses living in Khyber
Pakhtunkhwa1 are relying on rain-fed agriculture system(Pakistan Bureau of Statistics
Census 2017, Government of Pakistan). The food availability for such areas is
dependent on agricultural productivity. The crop productivity/ yields are dependent on
timely rainfall specially in rainfed areas. Timely rainfall and its distribution in an area
is major determinant of crops production/ yield. The adverse impact on time and
distribution of rainfall could have devastating effect on crop production system
through lowering yield or crop failures. Such negative impact on crop husbandry
would have consequences for the livelihood of the masses depending on rainfed
agriculture being their mainstay. Although a major proportion of people depends on
agriculture but the development of this sector with reference to climate change could
not get priority of governments (FAO 2003).
Issues related to climate are less prioritized in the developmental planning
process in the Khyber Pakhtunkhwa and as a result climatic resilience has not been
improving. In most of the climate change research studies carried out internationally,
it has remained a poorly investigated area in Khyber Pakhtunkhwa. Some partial
assessments, usually taking into account the effects of climate change alone, have
minimum understanding about the awareness level of farmers and how they respond to
the climatic variations.
In the arid areas, farmers are mostly of subsistence level. The future policies
should also secure well-being of subsistence farmers while adapting strategies
regarding climate variability. Indigenous and local knowledge is a great source of
facilitating adaptation to climate change, therefore, it needs to be considered within
rural subsistence communities as part of policy formulation process. Therefore,
community-based adaptation can reduce vulnerability and improve their ability to
adapt to climatic variations. Unfortunately up-till nowonly top-down approaches have
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been followed for most of the adaptation efforts with little determinations to benefit
from communities experiences of adaptation to climatic changes within their local
environments.
Better strategies for adaptation usually ensure the well-being of agriculture
related communities through inclusion of all relevant stakeholders, including
extension workers, policy experts, communities, researchers, NGOs and, to a greater
extent, subsistence farmers. Through instant research study, efforts have been made to
identify the foregoing mentioned gaps and come out with possible suggestions to fill
these gaps.

1.9

Objectives of the instant Study
Realizing the importance of farmers’ perception in their climate change

adaptation, this study is designed to investigate agricultural producer’s perceptions
about of change in climate and the potential impacts of change in climate on farm
productivity. The current research is thus, planned to investigate perceptions of
farmers’ about the change in climate on account of variability in rainfall and
temperature in Districts of Mansehra and Lakki Marwat in Khyber Pakhtunkhwa
Province. The precise objectives of the instant research are listed below;
1. Investigate the determinants related to respondent farmers’ own perception
and their adaptation measures to address climatic change.
2. Determine the adaptation measures exercised by respondent farmers to adjust
the change occurring from climate variations.
3. Determine the impact on the area and productivity of major crops due to
climatic changes.
4. Identify the apparent barriers to climatic changes adaptation strategies.
5. Recommend plausible policy interventions to address climate change impact.
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1.10 Hypothesis of the Study
Following hypothesis are developed for this study:
Hypothesis-I: Perception about climate change in farming community
H0:

Farmers have no perception of climatic changes

H1:

Farmers poses perception of climatic changes

Hypothesis-II: Farmers adaptation towards climate change
H0:

Farmers do not adapt measures to climate change

H1:

Farmers adapt measures to climate change

Hypothesis-III: Area under production increase/decrease
H0:

No change in area under study

H1:

Area under study has been changed

Hypothesis-IV: Yield of crops increased/decreased
H0:

No change in yield

H1:

Yield has been changed

1.11 Justification of the Study
In view of the fact that a change in climatic patterns has been occurring during
the past that will continue even in future, underlines the importance of understanding
as how farmers perceive these changes and how they adapt to these variations. (Mertz
2009) argued that farming community knows about the changes in climate and
accordingly adapt methods to minimize the adversebearings of such changes. These
perceptions of climate change play a vital role in farmers’ decisions of adopting
protective measures against climate extremes and therefore, are important factors
which need to be considered in climate change related studies (Deressa et al,
2010).Minimize the negative impacts of change in climate needs awareness of the
farmers and to take appropriate adaptation measures. Farmers' capability to recognize
changes in climatic condition is an important prerequisite for farmers for choosing to
adapt to certain practices (Acquah, 2011). It means before taking any adaptation
measures against climatic changes, the producers of crops first to recognize the fact
about climatic changing and only then ascertain appropriate adaptation approaches and
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implement those strategies accordingly (Maddison, 2006). The farmers’ perception
and adaptation measures will further be examined through impact on area and yield of
major crops using data (time series) on rainfall and temperature. The outcome and
recommendation of the study will have important implications for future policies
addressing climate change within the country.

1.12 Organizing Structure of the Research Study
The instant research report consist of 5main chapters. First chapter introduces
the research study. Second chapter pertains to review of literature. The third chapter
deliberates the methodological aspects applied in conduct of this research. Fourth
chapter will present the research findings and discussions thereupon. Fifth and final
chapter will include conclusion and recommendations.
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II.

REVIEW OF LITERATURE

Literature review climaxes the variety of outcomes and methodology of
correlated studies previously conducted. In this pursuit, some relevant literature on
perception and adaptation to climatic changes is reviewed with respect to the
objectives mentioned above.

2.1

Impact of Climatic Changes on Agricultural Sector
Rad and Mohammadi (2015) studied climate change measurement in Gilan

province Iran. At current situation climate change is inevitable. Climate change
extremely effect agriculture sector. It is important to control in agriculture sector
because it provides food for humans. (GCM) General Circulation Method is current
method using in climate change studies. The researcher finds out the effect of climate
change on precipitation, changes in temperature and number of wet and dry day by
LARS-WG weather generator in Iran. In this study LARS-WG and (GCM) model
used to find climate change scenario. In this study result from GCM model compared
with WG weather generator. Result from study showed that number of wet day and
frost day will decreased during 2011 to 2030. The result also showed that synthetic
data were similar to observed values. For preparing future data, output from 2 GCM
model based on 2 scenarios were used. It has selected the result of comparison and
MPEH5 model for the future. It will increase number of dry and hot day and increase
temperature.
Sekaleli and Sebusi. (2013) examined farmers’ response to climate change via
its impact on their livelihood among three agricultural systems namely traditional,
conservational and agro-forestry in Ts’akholo and Kolo communities Mateteng
District. A stratified sampling approach was used to select sample size and formed
different homogenous groups. The first group contains farmers that practice
conventional farming the second group divide into farmers that practiced conventional
farming and the third group includes farmers that practiced agro forestry. The data
were collected from 120 respondents from selected area. The result from selected
sample showed that soil fertility is greater in conservation farming than agro forestry
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than conventional one. the selected area contain two different places include farmers
who needs different support from government and non-government organization to
improve their seeds, to provide different inputs on subsidy rate and training for
increase profit and better life.
Kangalawe and Lyimo (2013) studied that a change in climate is a worldwide
confront to livelihood and mostly effect economic development. Most of the country
especially Tanzania the agriculture land completely depends on rainfall, a
circumstance that makes agriculture particularly in semiarid situations especially
defenseless against environmental change. The data from selected area showed that
from the last thirty years the rainfalls have decreased due which temperature
increased. These changes in rainfall distribution have effect on production and reduced
agriculture productivity. Inadequate training to farmers, different diseases, pest and
low fertile land were also includes to reduce agriculture production. Accordingly,
people group have built up various new adaptation methodologies, including high
yield seeds, less irrigated crops, early maturing crops and keeping animals. Climate
change has more effect on small scale farmers having less livelihood assets. The study
showed that incorporation of animals, high yield crops and high fertile land are crucial
to ensuring sustainable livelihood in a changing climate.
Dube and Phiri (2013) studied that especially in poor country changes in
climate bear a huge hazard for agricultural sector and economic development. The aim
of research has been to examine the effect of changes in climate on different
communities in poor country. The study was conducted in Matobo district, south
western Zimbabwe. Three different locations were selected from the study area in
order to obtain different type of information. A total of eighty one interviews and
focus group discussion occur within each selected location. The researcher finds out
the consequence of changes in climate on different people in the selected study area.
The result show that mostly farming in Zimbabwe depends on rain fall. A change in
rain fall highly effect rural livelihood in the area. Focus group discussion finds out two
changes that amount of precipitation decrease and rain fall pattern also changed. The
decrease in rain fall and rising temperature make agriculture sector more complicated,
and increase food insecurity.
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Chandrasiri (2013) studied that climate change is a main reason that affect
agriculture productivity and it’s up and down have high impact on food security.
Climate change highly affects small farmers who have fewer assets and no resources
to adopt new strategy. Climate change effect the farmer’s income, farmer’s knowledge
therefore the he studied the effect of change in climate on farmer’s income and
production. Data were collected from different location, interview schedule were
designed to collect primary data from 107 respondents in three division district
Kurungala. The logit model used for the analysis of collected data. Results showed
that ninety seven percent (97%) of the farmers are directly affected due to change in
climate. The knowledge about climate change among communities is more but
unfortunately there is no adaptation. The main reason is lack of funding, no
government support and less previous information. Therefore the government
provides different training about climate change, early maturing crops and weather
department provide different cropping method.
Falco et al. (2011) studied the climate change in developing country and its
effect on agriculture production. The data were collected in Ethiopia, different
interview schedule were designed to collect data in selected area and 1000 farmers
were interviewed who cultivated cereals crops. Different data on temperature and rain
fall was collected in the area. The researcher argued about changes in climate’s having
significant effect on agriculture production as well on profit. The result showed that
extension services, credit and future information about climate change as a key factor
in adaptation.
Kurukulasuriya & Mendelsohn (2008) examined the influence of hanges in
climate on the agricultural land in Africa. The eleven countries were selected for data
collection from which 9500 respondents were interviewed. The result from regression
exhibited that changes in climate have noteworthy effect on revenues in the study area.
The result also indicated that up to 2020 the changes in climate to have insignificant
influence on hot and dry areas. The result also showed that if warming in the future is
mild and wet so the net revenue from dry land crop will be rise by 51% otherwise if
climate will dry and hot so net revenue will fall by 43%.
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Parry et al. (1999) inspected different series of studies between 1994 and 2007,
which show climate change effect on crop yield and agriculture production. There are
two worldwide studies of agriculture yield responses and few extra estimates of
production that depend on first one. The common conclusion from all the studies
showed that climate change will decrease agriculture production and increase hunger.
The result also showed that Africa is more negatively affected region. The final
conclusion indicates that economic development has clear effect in reducing the
unpleasant effect on climate.

2.2

Adaptation Measures Used by Local People Adjust the Climate
Change
Tiwari (2014) studied that change in climate directly affect rural farming and

also climate change has direct effect on adaptation practices in farming. The data were
collected in Nepal from three agricultural climate zones including (Inner TeraiChitawan, Mid-Mountain- Dhading and Trans-Himalayan- Mustang district) which
provide the effect of climate change in rural farming. For data collection different
method likely household survey, interview schedule and focus group discussion were
used. The result showed that in mid-mountain region the soil wetness is the main
restrictive aspect of productivity for upland crops producers. The logistic regression
model was used to analyze data, which show that farmer income, available resource,
availability of family labor and participation in the community effect adaptation
practices. In rural areas the local organization has limited capacity to apply adaptation
practices. The organization and different planner prepare location adaptation programs
for decreasing effect of climate change in rural farming.
Boillat and Berkes (2013) studied to search indigenous peoples that how they
observe and assign meaning to change. The study was conducted in mountain area at
tropical latitudes in central Bolivia. The people of these rural areas mainly belong to
the Quechua and Aymara groups. The data were collected from twenty eight house
hold and a snow ball sampling technique was used, 17 was selected from chorojo and
eleven from Tirani.

In Tirani, household were selected whose main activity is

farming. The result showed that from the last two decades the climate has become
warmer. People from the both area have noticed that climate change have effect on
production.
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Shashidahra and Reddy (2012) studied that climate change have severe
economic and social effect on agriculture production in India. Climate change, likely
changes in rain fall and shifting in temperature have highly negatively effect on
agriculture production and economic development. The data were collected in
cropping season 2009–10 and 2010-11 from upper Krishna of Karnataka from 100
respondents in ten villages. Further different type of secondary data on rain fall,
temperature and humidity were used to find change in crop yield. Majority of the
respondents had no information about changes in climate and its effect. Most of the
farmers noticed that forest and agriculture eco system are in critical condition. The
result showed that the temperature has increased over the year. The respondent were
not alert about climate change they only know rainfall system. The result showed that
access to credit and climatic information can increase farm level adaptation. The
government helps farmers to improve climate information and farm level adaptation.
Adgera et al. (2004) investigated the response and consequence of change in
climate in ecological and physical systems. In physical and ecological system
adaptation to these effects is gradually more observed. The researcher studied different
process of implication and adaptation of different scale for this process and also find
out different evaluative criteria for the adaptation success. They also examined that
equity, efficiency and effectiveness elements are significant for judging success. They
also find out that decision making factor are implicit within currently scenarios of
socioeconomic future of adaptation. The institutional process will involve in the
process through which adaptation are judge.
Bradshaw et al. (2004) studied adaptation to changeability in climate and
generally change to estimate adaptation. They require to better understanding
adaptation. Diversification is one adaptation that is known as farm level retort to
climatic changeability, but the farmer not understood batter its adoption. The main two
purpose of this research is to adopt crop diversification for the year of 1994 to 2002 in
Canada, and also to reproduce its limitation and strength and measure adoption by
crops producers to climatic changes. The other purpose is to more generally
understand adaptation towards changes on climate. The data were obtained from 1500
farmers, which showed that in 1994 the single farms have more experts in cropping
pattern, and this trend change in the future. The result from collected data showed that
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adaptation for climate change require more carefully assessed to known its strength
and limitation.
Temesgen Deressa (2008) used the Probit Regression to determine the ways
the respondents used to adapt measures against the climaticvariations, that basically
need respondent opinion about change in climate and through adaptation they
response to changes. The data were collected from the selected area of Ethiopia, which
showed that there are five constraints to adaptation. There are limited land for
cultivation, limited income resource, less information, less availability of labor,
shortage of irrigation and majority of constraints link with poverty. The result showed
that the farmers from the region alert that temperature increasing and rainfall is
declining. The result also showed that age of respondent, information about climate
change, income and agro ecological system have considerableimpact on farmers
opinion to change in climate. Results also showed that the education of household,
size of household, livestock production, credit availability and temperature have
significant effect on adaptation.

2.3

Factors of Farmers’ Perception about Climatic Changes and
Adaptation measures to Climatic Changes
Rashid et al. (2014) assessed climatic change adaptation for agriculture in

Bangladesh. The country is one of the most climate exposed region in the world. Data
were collected from two villages namely Katianangla and Laxmikhola. These two
villages were selected purposively via susceptibility to climatic change. The
population of the selected district for data collection is 1559910 which contain 52%
male and 48% female. Focus group discussion initiated among the communities to
provide information about changes in the prevailing climate as well their impact in
case of agricultural sector. Result exhibited that 95% of the individuals in selected area
is local and the remaining are migrant. All the farmers in the area are small to medium
farmers, but only 5 to 10% are larger farmers. The farmers of the Katianangla
expected that in future climate vulnerability will be further increased and rain fall
decreased. The result showed that due to change in rain fall pattern the planting of rice
delayed and its yield decreased and mung bean crop damaged due to water logging.
The increase in temperature due to extended summer period resulted decreased growth
of crop, increased in pest and decreased in yield.
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Devoka (2104) studied the people perception about temperature and
precipitation in the region. The data were collected from 240 household from the
selected area, and all the respondent were face to face interviewed during data
collection in the field. Three focus groups were initiated in the selected area. The
result showed that the minimum and maximum temperature indicates that temperature
increased and precipitation also increased in monsoon season due to which flood
raised. These collected data were verified with the perception of community peoples.
Maponya and Mpandeli (2013) studied the awareness of respondent on change
in climate as well as measures taken for adaptation in Africa. The author used the data
gathered from 300 farmers, aged between 16 & 65 years. The selected respondents
contain 46% male and 54% females in the study areas. The data were collected from
two districts, Sekhukhune and Capricorn. The 56% farmers were selected from
Capricorn and 44% was selected from Sekhukhune districts. The following eleven
different locations were visited namely, Molemole, Polokwane, Aganang, Blouberg,
Tubatse, Ephraim Mogale, Fetakgomo, Makhuduthamaga and Motsoaledi. A
purposively sampling technique was used to select 300 respondents and was
interviewed face to face during field visit. The questionnaire includes different factors
related to climate change and production of agriculture. Focus group discussions were
initiated after face to face interview. The data were analyzed by (SPSS) software. The
result showed relationship of adaptation to employments, gender, and information of
climate change, production of agriculture and food scarcity.
Kalungu et al. (2013) deliberated upon the stimulus of climatic change on
household and also examined the perception of household about these effects on their
agricultural productivity. The study was conducted in Africa. The data were collected
from Kenya. The researcher collected the data from household through interactive
interview using a temperature analogue approach. Two pair of different location was
selected, the first pair contains Katumani and KambiyaMawe which is semi-arid
climate and the second pair contains Kabete and Muguga which is a sub humid
climate. Both pair of location has similar total rain fall and pattern but have annual
temperature differences of between 1.5 and 300C. After global warming Kambiya
Mawe and Kabete are expected to be cool side. For analysis different eight practices
that control production were selected. The data collected from farmers, reported that
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in all selected agriculture practices perceived more changes during previous thirty
years period than during the previous ten years. The result showed that there is a
relationship between perceived changes and semi-arid and sub-humid location for last
30 years. The result also showed an association among households selected for the
study and gender and changes in agriculture operations. Agro ecological sensitivity
and gendered technology require for different location to implement successful
farming technology and method that are adapt to climate change.
Ochieng and Koske (2013) deliberated upon the awareness about changes in
climate and opinion of school teacher in Kenya. Climate is a global issues and
challenge to development in the world from several years. The study was conducted in
Kisumu municipality. The total population of the area is 388311, area contain both
urban and pre urban. The selected area has total 184 school, 119 are public school and
remaining 65 are private school. In all 100 farmers were selected from the study area,
a total of 20 primary schools were selected for collection of data which include both
private and public school. A multistage sampling was used to interviewed selected
respondent; 5 teachers were interviewed from each school. Results of the analysis
revealed that perception about change in climate among the teachers of the primary
school was prevailing.
Dhakal et al. (2013) studied to review the opinion of livestock holders about
climatic changes and their influence and adaptation method on the livestock in Nepal.
Through stratified random 240 respondents were selected from the study area, from
every ecological zone 60 respondents was selected. Result showed that the crops
producers had awareness regarding climatic changes. Result showed that third fourth
respondent observed increase in temperature. Above 50% respondent in the study area
observed decrease in summer rain fall and half of the respondent observed delayed in
summer monsoon. Climate change effect production of livestock due to occurrence of
diseases in animals, loss of fodders, less availability of water, less fertility and
decrease in milk production. Lack of knowledge about climate change, less
availability of labor and lack of market knowledge were the main challenge to
adaptation. Training about climate change information was recommended among live
stock holder to lessen insignificant outcome of changes in climate on livestock are
reduced.
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Juana(2013) examined the effect of climatic changing conditions in Africa.
The climate change has negatively impacted on agriculture sector and become a main
challenge to development in sub-Sahara Africa. The climate change has adversely
effected agricultural production, ecosystem and livelihood in the study area. The
climate change has huge impact on selected region because majority of sub-Sahara
people lives in poverty and depend on rainfall agriculture for their livelihood. The
majority farmers know about precipitation pattern and temperature in Africa. For
respond to these changes farmers need to cultivate different varieties, change
harvesting and planting time according to change in precipitation, crop diversification,
change irrigation method and time, use different method of soil conservation and more
prefer to tree crops. The following determinants are used in the study and are
significant determinants to climate change adaptation, size of household, education,
farmer experience, credit and extension services. The Africa government provides
credit, information, training about climate change adaptation, new technologies,
reporting stations and new water infrastructure to farmers for better climate change
adaptation strategies.
Okonya (2013) studied cropping method and farmer perception to climatic
changes in Uganda. Climatic change is the serious challenge facing in the world and
negative effect on environment, agriculture and health especially in developing
countries. The extreme rain fall, long dry season, flood, storms affect the rural area
farmer livelihood. 192 farmers selected within the research related area. Six different
districts according to different agro ecological zones were selected for interviewed.
Total 180 villages, 17 sub countries and 6 districts were selected for respondents. The
result showed that 99% respondent observed climate change from 10 years. 43%
respondent observed that rain amount increased and 39% observed that temperature
increased from the last 10 years, while 27% have no idea about temperature. The
household head gender has significant effect on adaptation. In different agro
ecological zones flood have high effect on agriculture production. Intercropping has
negative relationship to adaptation. Household size, irrigation facilities, credit,
livestock, education and off farm income has significant effect on the development of
cropping method.
Moyo et al. (2012) studied farmer opinion about climate change in Zimbabwe
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semi-arid location. The rain fall variability effect the agriculture sector especially in
developing countries. The change in rainfall pattern effects agriculture sector and
socio economic activity in Zimbabwe. In Zimbabwe agriculture contributes 15 to 20%
in GDP and employed 30% of the people. The data was collected from two districts
which are semi-arid and classified into different agro ecological zone, namely
Masvingo district and Huawang district. A purposively random sampling technique
was used and approximately 20 respondents were selected in each ward. A simple
questionnaire was designed to collect data from selected samples. Focus Group
discussion also initiated to find meaningful information in cropping system,
respondent perception on climate change and how they manage with climatic changes.
Results showed that during data collection most household head are male, and
majority of head are educated in district Masvingo. The majority of respondent
reported that winter months are no longer cool as like past. The result showed that
87% responded that they observed reduce agriculture productivity on account of
climate change. Result also showed that mortality of livestock increase 10% due to
change in climate. Majority of respondent reported that weather is abnormal from the
last several years.
Khan(2012) considered the opinion of people about climatic change as well as
adaptation in Pakistan. The main objective was to find out opinion of farmers relating
to climatic change. The data were collected from different locations include Sindh,
Punjab, Baluchistan, Khyber Pakhtunkhwa and Gilgit-Baltistan. They cover about 25
districts including planned area and desert area. Questionnaires were distributed
between students and teachers of different universities. A 130 respondent was
interviewed including farmers, teachers and statisticians. A questionnaire include
different question about temperature, population, growth, crop production, fluctuation,
diversification and environmental qualities. The result showed that 100% of the
respondent showed that climate is changing, 40% respondent reported that changed
moderately and 80% showed that it changed severely. About 57% reported that
climate change in this area was because of increased population, high cropping
intensity and deforestation. The study reported that in arid region rainfall decreased by
0.6 inches while that of temperature increased by 1.6 degree Celsius from 1960 to
2011. These changes caused alterations in the cropping system of rabi and kharif that
are affecting agricultural production n irrigated areas.
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Rao et al. (2011) studied farmer opinion about change in climate in Kenya.
The research was conducted in five districts of Kenya where the climate is semi-arid
with high variability in rain fall. The data was collected from different respondent
about climate change in different districts, namely Mutomo, Kituni, Machakos,
Makueni and Mwingi. In the study area records long term rain fall from five different
meteorological sector located within 10 km radius. The data collected from Kenya
meteorological department were analyzed and compare with farmers observations.
The data collected from farmers showed that the respondent have good knowledge
about climate change in their location, its changeability and climate change effect on
agriculture production. The respondent gained observation about climate change and
their interaction with soil fertility, water and crop production. The main
recommendation of the study is to provide training and technology promotion to
farmers about climate change.
Deressa (2011) investigated climatic changes related adaptation measures and
used the model Heckman for sample selection, and evaluate two step approaches for
climatic changes related adaptation. The outcome of the study area showed that farmer
opinion about climatic changes related was significantly associated with years of
household head age. Result also showed that wealth, awareness about climate change
and agro ecological are associated significantly with farmer perception. The results
also reported that household headed education, size of the household, owned livestock,
proper scientific method used for cropping; credit and temperature have significant
impact on climatic changes adaptations.
Farauta (2011) studied causes of farmer opinion and climatic changes
adaptation approaches in the country of Nigeria. Data was collected from 500
respondent using interview schedules. A multistage sampling used for data collection
from the study area. The Microsoft Excel was used to find simple mean and the
percentages. The result showed that farmer of study area has well knowledge about
climate change incidence due to temperature, change in rain fall patterns,
desertification, agriculture problems, fertile land and reduction in production. The
result showed that the effect of changes in climate on farms exposed because of
change in planting season, delay in rainfall, change in temperature, high intensity, loss
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in forestry, fertility and high wind. The farmer required to use multiple cropping,
better varieties, use wet land for cultivation and early mature crops. The final
recommendation is that government of Nigeria needs to provide financial resources,
better crop varieties and credit and water infrastructure to farmers for climate change
adaptation.
Acquah (2011) studied that climatic changes put negative effects upon
agricultural system and household food related security all over the world. The data
was collected from selected area, which showed that farmer adaptation to climatic
changes is critical to combating food insecurity and other agriculture problems. This
study showed that farmers’ awareness and adaptation to climatic changes is important
to reduce different problems related to agriculture production and development. The
study also recommended different policy for farmers about climate change challenges
in Ghana. The study observed decrease in rain fall and increase in temperature. The
result showed that majority of farmers was found to change their planting dates,
cultivated different varieties and soil method to reduce challenges of climate change.
The logistic regression model was used in the study which showed that age,
experience, land owner, size of the farm and household income are significantly
related to adaptation to climatic changes.
Kemausuo et al. (2011) examined that agriculture is rooted in climate and
humans relationship. The researcher also find out the changes due to climate change
and its effect on farming crops, animals habits, soil conservation and agro ecosystem.
The respondent adaptation to climate change and successful adoption of technology
depend on farmer tendency to observe and react towards changes in climate. In most
of the developing countries in the world including Ghana, the insufficient knowledge
about climatic changes as well as its effects on agriculture production delayed
sustainable agriculture for long term. The study is to find out farmers opinion about
climatic changes in the Ejura Eekyedumase. This study compared the farmer opinion
about climate change with the actual climate change data recorded from 1993 to 2009.
The data was collected from Ghana district. The younger farmers were selected for
interview they have at least 10 years’ experience in farming in the study area. A data
was collected and six farmers were interviewed of selected nineteen operational areas
in district. The result showed that 80% of farmers observed that temperature in the
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area become warmer. The result also reported that 90% of the farmers observed that
precipitation timing had changed.
Apata (2011) studied changes in climate and their effects on farmers in Africa
and also help the farmer to make stronger adaptation to climate change. The researcher
used probit model and analyze two step approaches of adaptation. The farmer initially
observed change in climate and response to this observation in the form of adaptation.
The study used purposively random sampling approach. Two states Ondo and Oyo
were selected out of total six states through random sampling. A 350 respondent were
selected to collect information. A simple questionnaire was designed to collect
information and was analyzed by different software. A focus group discussion was
also initiated to collect information from community. During analysis the adaptation
measure are dependent variables and socioeconomic factors and natural are on the
other side variables. Result showed about 53% farmers reported that precipitation
decreases from the last 10 years. The result also showed that 64.57% used one major
adaptation option develop through survey. Temperature, credit availability, education,
ownership of livestock and livestock production are factors of adaptation to climate
change.
Tologbonse (2010) investigated farmer opinion about climatic changes in view
of itsimpact in agrarian zones of the country of Nigeria. Climatic changes extremely
affect agriculture sector in Nigeria. Climate change not only effect agriculture
production but also a challenge to food related household security and living
conditions of people in Nigeria. The data were collected from agro ecological zones of
Nigeria. Three agrarian climate zones from total of five were purposively selected.
Different state was selected from each zone namely Borno, Kuduna and Niger due to
presence of NAERLS zonal office. One area under the local government was
purposively selected in the place of NAERLS village location. A total of 150 sample
size was selected from study area, 25 farmers was selected from each village. An
instrument was designed for collection of data (primary) from selected respondent.
The data was analyzed through different software using inferential and descriptive
statistics. The data showed that farmers were alert about climate change effect. The
result showed that climate change increases infection, loss in income, extremely flood
and change in precipitation pattern. The result showed that the relationship between
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climate change and age, education and agro ecology was positive and significant. The
result showed that 95% of farmers were male and 4.7% females. The 72.1% farmers
have low education level while 27.9% have higher education stage. The farmers at
83% level had experience spread over above 10 years. Approximately 67% farmers
showed observed that change in climate is due to more warming. About 55% farmers
reported agriculture production decrease due to climate change. The 61% farmers
reported that poverty of farmers increase due to climate change.
Vedwan and Rhoades (2001) studied the consequence of changes in climate
conditions on farmer growing apple in Himalayas of India. The climate changes
extremely effect the agriculture production in the world. The study was conducted in
Kullu valley in Himalayan state, India. The Kullu valley is famous for apple in all
India. The farmers noted that production of apple decrease due to climate change. In
1995 year for apple is the peak production year. The farmer reported that temperature
in the areas increases and also time of snowfall changing from the past years. The
researcher compared the data collected from farmers with climate change and also
used precipitation data and snow fall data to measure accurateness of perception.
Mostly perception of change in climate is prepared by crop climate interaction and
different apple performance outcomes.
Legesse et al.(2013) studiedsmall farmer opinion about adaptation in district
Doba. The temperature in Ehiopia has increased annually 0.2°C from the last five
decades. The increase in temperature resulted decline in agriculture production. Cereal
crops production in Ehtiopia decrease by 12% due to climate change. A multistage
sampling approach used to determine sample size from selected area. At the first stage
Doba district was purposively selected from 14 districts. In the second stage, from 3
agro ecological zone 6 Kebeles were selected along with 160 farmers from the area.
Primary as well as secondary data obtained from relevant offices in Doba district. A
multinomial logitregression was used to find factors effecting adaptation approaches
to climatic changes. The multinomial logit models were crop soil and conservation of
water, crops and livestock diversification, off farm income and rain water harvesting.
The results reveled that family size, gender, farm size, livestock, training and off farm
income are factors of adaptation approaches. About99% respondent reported that
temperature increased and 94% respondent showed that decrease in rain fall.
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2.4

Apparent Barrier to Climatic Changes and Approached to
Adaptation Measures
Chikodzi et al. (2012) studied perceptions of farmers and adaptation measures

to climatic changes in Masvingo province. Climate change highly effect rain fed
agriculture and it is important for agriculture development in developing country.
Masvingo province is rural province and rural community farmers are living. This
study focus on climate change problem on provincial level that is important because
most of study area basis. The location of the area Masvingo province is divided into
seven districts. The total population of the province is approximately 1.3 million. A
200 farmers selected and questionnaire was designed to collect information from
respondent. The survey prefers oldest people of villages because they better known
about climate change from longer time. Focus Group Discussion was also initiated to
discuss farmer problems and also crop productivity. The result showed that 57%
farmers observed that winter season become hotter. Approximately 86.6% respondent
observed change in precipitation pattern and 24.6 farmers observed increased in flood.
71.4% farmers observed damage to forestry. 73.1% farmers observed that increase in
diseases and pest in crop field.
Idrisa et al. (2011) studied the opinion of farmers in agro ecological zone of
Nigeria to find out different practices that increase climate change effect. A 225
respondent were selected from study area. A multistage technique used to select
sample size. The collected data was analyzed and different descriptive statistics was
used. The result showed that 48.89% were more than 45 year age. A 78.23%
respondent in the study area had below secondary school education. 79.12% farmers
are small land holders. Majority of farmer approximately 82.22% was alert from the
phenomenon of climate change. The result also showed that 86.67% farmer has less
financial resources and 77.78% respondent have no weather information. The majority
of farmer has knowledge related to climatic changes and their impact. The majority of
farmers were engaged in adaptation to climatic changes. It is recommended that
extension services improve farmer opinion pertaining to climatic changes and
adaptation practices to climatic changes.
Mary & Majule (2009) studied the effect of climatic changes and adaptive
practices to climatic changes in Manyoni district Tanzania. Agriculture is the second
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sector that extremely impacted due to climatic changes in Tanzania, climatic changes
effect also human health, water, forestry and livestock.

The research found out

community knowledge about climate change, also understand its effect and adaptation
practices in agriculture sector. The research was carried out within2 villages
Kamenyang and Kintinku located in Mayoni District. Data collection included
secondary and primary for the research study. A questionnaire was designed to collect
primary data from respondent and also focus group discussion and Participatory
Research Approach was initiated to collect information from respondent. a secondary
data was collected through research paper and internet. A sample size of 10%
household was selected from each village. The results showed, respondent from
selected area observed changes in rain fall pattern and temperature. These changes
such as upsurge in case of the temperature and reduction in case of the rain fall
diminishes agriculture and livestock production. The result showed that from 1922 to
2007 the rain fall decreased and temperature increased by 1.9 and 0.2°C. From 1984 to
2004 the average temperature increases by 0.7°C. Study recommended that farmers
design new agriculture innovation and adaptation method to deal with climate change
and its effect.
Hassan and Nhemachena (2008) studied the factors influencing the adaptive
measures against climatic changes in Africa. A cross sectional data from 8000 farms
was collected from 11 African countries. The result showed that agriculture practice
mono cropping is most exposed to change in climate in Africa. The result showed that
availability of credits, technology, labor, capital, land, marketing and extension
services are important in taking adaptive measures to climatic changes. The research
recommended that government provides education, markets, credit availability and
technology especially for poor farmers in Africa.

2.5

Policy Interventions to Address Climate Change Impact
Emaziye et al. (2012) researched on areas/factor effecting climatic changes in

Nigeria. The researcher investigated the analytical work about factors of climatic
changes and estimated its future value in area of study to know the position of climatic
changes factors and definite objective was to come up with the estimated future
position of factors of climatic changes in the area where research conducted. A
multistage technique used to select states, communities and household for data
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collection. From Nigerian Meteorological Agency mean data of temperature and
precipitation were collected. A questionnaire was also designed to collect primary data
from respondent. The collected data was analyzed through different software using
Growth Model and Descriptive statistics. The result from the data showed that
temperature values increasing and rain fall values decreasing in the area. The
increasing in temperature may result a position that crop production in the area
decreased. The study recommended the government should recognized Meteorological
station in the rural area where convenience is mostly difficult. This will provide
meteorological data to rural farmers in the area for achievement of success production.
Ratter et al. (2012) studied that many researches state the problem of changes
in climate is losing interest amongst the people. This paper concluded that people fear
about changes in climate is decline since some years. The researcher compares
respondent knowledge about climate change around the world. Some researches in the
US show that decline might be because of irregularity in relevant events. Data showed
that increase in long-term scientifically confidence could hardly be transferred in
comparison to long term increased awareness in public regarding change in climate.
Akponikpè et al. (2010) studied farmer opinion and adaptation to climatic
changes in West Africa. Researcher found out that climate change extremely effect the
agriculture production, economy of the country and living conditions of the
population in countries particularly developing ones mainly Sub Saharan West Africa.
The study was conducted in 5 countries of West Africa such as Benin, Ghana, Niger,
Togo and Burkina Faso. 78 villages were selected from these countries. A total of 234
household were selected for data collection in the research areas. The farmers were
carefully chosen according to climate zones and in this pursuit, 68 farmers were
selected from Guinean zones, 54 respondent were selected from Sahel zone and 112
farmers were selected from Sudanian zone. Every village was selected from every 20
to 30 Km distance. The head of household was selected for data collection he/she has
proper knowledge about climate change. A schedule was designed related to climatic
changes and adaptation strategies. The 98% farmers depended on geographical area.
Most of the respondents believed that change in climate amplified with the dryness of
present climate. Most of the respondents in the Sahel zones responded about climatic
changes which started from 20 to 30 years ago. The farmers in Guinean areas reported
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that change in climate occurred less than 10 years ago. The respondents stated that
pouring season become far ahead than before. The farmers also stated about
shortening of the rainy seasons. Firstly pouring seasons become late and cessation
season become early and duration of rainy season become shorter. To reduce the effect
of change in rain fall the farmers used soil and water conservation strategy in Sahelian
area of Burkina and Niger. The result also showed that majority of farmers age was
between 35 to 70 years. 58% of the farmers have not educated, 29% have primary
level and 10% have secondary level education.
Smith and Oelbermann (2010) studied opinion about climatic changes and
adaptation in a remote cost a agriculture community. In tropical latitudes the agro
ecosystem management practice are not economically sufficient and is not a long term
adaptation method to climate change. The land management, implementing,
improving and refining are more effective adaptation strategy. This study found out
the landowner opinion about climate change in Costa Rican agriculture community,
and evaluated different type of agriculture practices and how these practices would be
used as adaptation strategy to climate change. Total of 10 community members were
selected from the study area. A questionnaire was designed to collect information. The
questionnaire contains 3 type of question such as implementation of different
adaptation method to climate change and outcomes from these implementation,
opinion and observation about climatic changes and agriculture producer adaptation
capacity. The result showed that respondent observed changes in local weather from
the last decades. The result also showed about good knowledge of farmers about
changes in climate as well as their consequence on agriculture productivity. The
respondents continually motivated to implement long term agro ecosystem practices.
The implementing of seed bank provides better quality of seed to farmers which more
productive and adapted to climatic changes. Other adaptation strategy contains agro
forestry for soil conservation. The information collected in the study area from
community members developed a 3 stage plane of adaptation method for small
farmers in tropical latitudes.
Semenza et al. (2008) studied public perception regarding changes in climate
conditions. A survey of opinion about changes in climatic conditions and other
behavior was conducted on nine occasions, five in Houston and four in Portland from
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June to September. A questionnaire was designed to interview respondent; interview
was conducted both in English and Spanish. A total of 1234 respondents were
selected, 32 respondents was dropped from the total because of lack of knowledge and
difficulties in understanding questions. In last 1202 respondent were interviewed, 613
was lived in Portland and 589 was lived in Houston. The samples selected from each
village are similar via age, gender but different in education, income, race and
unemployment. A logit model used for analyzing data and determined the factor
reducing challenges of changing climate. Result showed about 92% of respondent
have knowledge about climate change. Low income respondent in both cities
possessed greater information regarding climatic changes then higher income
respondent. Women were found to have better information regarding change in
climate than the man. The 98% respondent in Portland and 92% in Houston were
aware about climate change. A 63% of respondent from Portland and 47% have
changed their behavior to climate change. The model showed that respondent would
change their behavior with increasing level of education and level of increasing
concern. 43% respondent reported having decreased their energy. 39% have decreased
gasoline consumption. 507 respondents in both of cities did not change their behavior.
Adger et al. (2003) studied climatic changesworldwide those to continue to
change upto coming century. The outcome of changes in climatic conditions has
beenreal but unsure. The changes in climatic conditions highly effect social and
economic activity in the country and especially those countries that depend on
resources which are subtle to climatic changes. The change in climate affects
agriculture sector, fisheries sector and many other sectors that make the livelihood of
population of developing country. In this research we find climatic changeseffect and
corresponding action on future adaptation. We find that societies are basically adaptive
and there are many changes in climate in the past where societies have adapted. Some
sectors in the society are more sensitive and some sectors in the society are weak to the
effects. Most of the societies trying to improve adaptive capacity to solve both the
present and future challenge. Observation about present and future expectation are
changing the development policies and government planning for climatic changes.
The primary challenges of climatic changes effect both the local management and also
the international actions.
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2.6

Synthesis of the Literature Review
The above studies reveal that change in climate directly affect rural farming

and also on farmer’s adaptation practices. Changes in Climate have direct influence on
the rural livelihood especially the rural poor who have marginal resources for their
survival. The majority farmers know about precipitation pattern, change in
temperature and rainfall pattern. It showed that from the last two decades the climate
has become warmer. Through adaptation of the ways and means of the relevant
technology the farmers have enhanced their production. Similarly with change in
policy options and diversion of financial resources and technologies advancement can
bring positive changes toward adaptation of climate change. Important factors of
obligate variables that can determine the perception and adaptation to climate change
include age, education, house hold size, farming experience, timing of rains,
mulching, notice climate change, crop farming, livestock farming, crops grown,
temperature, planting dates, crop varieties, cultivated land, intercropping and planting
dates. So understanding the perception first and then adaptation to the climatic
changes are important area but very little research has been done on this issue in
Khyber Pakhtunkhwa. The review of literature also showed that mostly Logit Model
has been used for perception and adaptation measures.
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III. RESEARCH METHODOLOGY
This chapter concerns methodological approach applied to conduct the
research work of instant study. This chapter includes seven sub-sections, in all. First
section pertains to selection of site i.e. districts selected for the study. Second section
provides explanation as to how the samples have been selected from the population for
collection of primary information. Third section relates to ways and means of primary
and secondary data collection. Fourth section presents the analytical framework to be
used for analysis of data. Fifth section delineates with description of tools while sixth
section deals with research ethics. The Seventh and the last section deals with model’s
assumptions.

3.1

Selection of Districts
This study has been planned and carried out in districts of Mansehra and Lakki

Marwat of Khyber Pakhtunkhwa. This selection is based on rainfed nature of the both
districts and covering north and south regions, thus representing the whole rainfed
province. The cultivated area of district Mansehra is 80,747 hectares out of which
77% is rainfed (GoKP 2015-16). For the same determinants figures for district Lakki
Marwat are 116,900 hectares and 69% respectively. There are 92 Union Councils
(UCs) in both the districts, 59 in Mansehra 33 and in Lakki Marwat
(http://lgkp.gov.pk/neighbourhood-council/ dated 12.10.2017).
Mansehra at 34.33° North latitude, 73.2° East longitude and 1067 m above sea
level (3500 feet). On the other hand Lakki Marwat is located at 32.61° North latitude,
70.91°

East

longitude

and

262

m(860

feet)

above

sea

level

(www.maps-streetview.com).
Monthly average annual minimum temperature in Mansehra ranges from 2.6 to
21.3 oC, while monthly average annual maximum temperature in Mansehra ranges
from 13.4 to 34.8 oC. Average annual precipitation in Mansehra ranges from 34-302
mm (www.en.climate-data.org)
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Figure 3.1 Temperature Graph of District Mansehra

Legends: Temperatureversus Months
Similarly, the average annual minimum temperature in Lakki Marwat ranges
from 4.7 to 27.8 oC, while average annual maximum temperature in Lakki Marwat
ranges from 19.2 to 41.5 oC. Average annual precipitation in Lakki Marwat ranges
from 3-71 mm (www.en.climate-data.org)

Figure 3.2Temperature Graph of District Lakki Marwat
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Legends: Temperature versus Months
Both the districts are characterized by rainfed agriculture, thus putting both
the districts among the most climate change-vulnerable districts in Khyber
Pakhtunkhwa.
According the Government census 2017, the population of Mansehra District is
1,556,460 heads, while the population of Lakki Marwat District is 876,182. This
makes and estimated population of both the districts as 2.43 million heads of which
36.0% lives

in Lakki Marwat and remaining 64.0% lives in Mansehra

(www.pbs.gov.pk). The detail profile of both the districts is at Annexure-1.
3.1.1

Selection of Crop
In this research study the crops taken from Lakki Marwat District were Wheat

and Guara, while that from the Mansehra District were Maize and Wheat. The crops
selected in the study are grown on vast areas of the rainfed districts and have direct
impact on the livelihoods of the people.
The total cultivated area of district Mansehra is 80,747 hectares. The area
brought under cultivation during winter season is 40,029 hectares out of which 37,374
hectares are under wheat i.e. 93.37%. In case of summer 62,418 hectares of area has
been cultivated which includes 57,956 hectares of maize i.e. 92.85%.
Likewise, the total cultivated area of district Lakki Marwat is 116,900 hectares.
The area brought under cultivation during winter season is 19,066 hectares out of
which 17,490 hectares are under wheat i.e. 91.73%. In case of summer 3,219 hectares
of area has been cultivated which includes 312 hectares of Guara i.e. 9.70 %.

3.2

Sampling Techniques
Multi-stage sampling has been used to select the union councils, village

councils and households where survey was carried out. The study area comprised of
two administrative districts having 92 Union Councils (UCs). Five UCs from each
district have been selected based on rainfed area under cultivation, access to area and
security situation. The UCs selected in district Mansehra are Talhata, Garlat, Kewae,
Shohal Mazullah and Balakot and that of Lakki Marwat are Mash Masti Khel,
Landiwa, Tajori, Shahab Khel, Lakki Marwat-I and Mela Shahab Khel. One village of
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the each village councils has been selected purposefully from the chosen UCs. The
selection of village councils was entirely on rainfed cultivated area basis. The UC wise
purposefully selected villages details is given in the table given below:
Table-3.1
S. No
1
2
3
4
5

Union Councils, Village Councils and Villages in the Sample

Union Councils
Talhata
Garlat
Kewae
Shohal Mazullah
Balakot

Village Council
Sample Village
Kot Bahalla
Zamiri
Hassa
Shah Otter
Kewae
Kewae
Shohal Mazullah
Shohal Mazullah
Balakot
Bamphora
Total Mansehra (A)
1
Mash Masti Khan
Vanda Mash
Azad Khel
2
Landiwah
Landiwah
Muhkum Khel
3
Tajori
Tajori
Bazu Khel
4
Lakki Marwat-I
Abba Khel
Ismail Khel
5
Mela Shahab Khel
Dalo Khel
Khanu Khel
Total Lakki Marwat (B)
Grand Total (A+B)
Equal number of villages and equal percentage of interviews
Source: Field Survey
A total of 151HHwere interviewedfrom District Mansehra and 180 HH from
District Lakki Marwat. The farmers interviewed were 29% of the total HH of each
village. The percentage was determined after interviewing the farmers in the first
village i.e. Azad Khel at Lakki Marwat. After interviews the percentage was
calculated which came to 29%. Thus same percentage was kept for rest of the villages
included in the sample from each district. The village wise number of HH and farmers
interviewed is as in table below:
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Table-3.2

Union Councils, Villages Councils, Villages, House Holds and
Population Details
Village
Farming
Farmers
S. No Union Councils
Village
%age
Council
HHs
Interviewed
95
28
1
Talhata
Kot Bahalla Zamiri
29%
2

Garlat

Hassa

Shah Otter

90

26

29%

3

Kewae

Kewae

Kewae

100

29

29%

4

Shohal Mazullah

Shohal
Mazullah

Shohal
Mazullah

115

33

29%

5

Balakot

Balakot

Bamphora

120

35

29%

520

151

29%

Total Mansehra (A)
1

Mash Masti
Khan

Vanda
Mash

Azad Khel

50

28

2

Landiwah

Landiwah

Muhkum
Khel

80

27

3

Tajori

Tajori

Bazu Khel

100

30

29%

4

Lakki Marwat-I

Abba Khel

Ismail Khel

110

16

29%

5

Mela Shahab
Khel

Dalo Khel

Khanu Khel

62

50

611

180

29%

1131

331

29%

Total Lakki Marwat (B)
Grand Total (A+B)
Equal number of villages and equal percentage of
interviews
Source: Field Survey

29%
29%

29%

Besides individual interviews, Focus Group Discussions (FDGs) and Key
Informants Interviews (KIIs) were also held to validate the result of the individual
interviews.

3.3

Data Collection
In order to complete this study, both types of data i.e. primary data and

secondary data was obtained. The first type of data was gathered using Key
Informants Interviews (KIIs), Focus Group Discussions (FGDs) and individual
questionnaire based survey from 331 farmers. Key informant interviews were
conducted with stakeholders having stakes both in public and private sector. The term
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“key informant” in this study refers to a person who possesses specific
competence/knowledge of climate change, its impact and response mechanisms due to
academic qualifications or due to his/her working experience. These interviews were
aimed at getting insights into policies and trends in the province and their capacity to
respond to climatic shifts and variations. The Focus Group Discussions (FDGs) were
held with local practicing elders, professionals in agricultural extension, Research and
water management, district administration, NGOs, and local level public
representatives and youth groups. The FGDs served the purpose of assessing the
community’s perceptions about trend in weather pattern; changes in climate; impact of
climatic changes on respondents living conditions and the way they were coping and
adapting to the impacts. The individual farmers’ survey was done through using
structured questionnaires for getting information on household’s socio-economic
features, farmer perception of change in climate and coping mechanisms, if any.
Household climate change perception and adaptation measures were estimated
by variables using indicators such as age of the farmer, size of the household, farming
experience, education level, farming type and cultivated land.
Policy documents from the Departments of Agriculture, Environment,
Meteorology, relevant research studies including future climate scenarios were
reviewed before development of interview instruments. It is to further mention that the
individual questionnaire was pre-tested in the field and resultantly the questionnaire
was finalized with minor improvements.
The secondary data, time series data, spread over 30 years from 1984 to 2013
was collected for both the Districts. The time series data included temperature,
precipitation, area under cultivation and yield of crops of the two districts selected for
this research study.
The crops included in the study are wheat, maize and guara. Wheat is the
major winter crop in both the districts while maize and guara are major summer crops
one each in district Mansehra and Lakki Marwat respectively. According to
Government of Khyber Pakhtunkhwa Agriculture Statistics 2015-16, the percent area
of selected crops is 89.18% of wheat in district Mansehra and 72.02% in District
Lakki Marwat. The figure for maize is 72.02% and guara 80.45% for corresponding
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districts respectively. The details are given in the following table:
Table-3.3

S.No

Percent Area vs Rainfed Cropped Area of the Selected Crops

District

Crop
Selected

Total area
under crop
(Hectares)

1
Wheat
37,374
Mansehra
2
Maize
57,956
1
Wheat
17,490
Lakki
Marwat
2
Guara
312
Source: Crop Statistics (2016-17).

Crop under % age Area
Crop under
Un-Irrigated under Un
Irrigated
Area
irrigated
area
(Hectares)
Crop
(Hectares)
(Hectares)
33,331
4,043
89.18%
51,831
6,125
89.43%
12,597
4,893
72.02%
251
61
80.45%

The data related to temperature and precipitation was collected from
Meteorological Department, Government of Pakistan, while data pertaining to area
and yield was collected from the Crop Reporting Wing of the Agriculture Department,
Government of Khyber Pakhtunkhwa.

3.4

Analytical Modeling
Keeping in view the objectives and data used, the Analytical Models used for

the study included:
•

For Perception and Adaptation, Logit Model has been used along with
Chi-square test using SPSS.

•

For Impact of Rainfall and Temperature on Crops, the ARDL Model has been
applied using E-views.

They are further discussed as below:
3.4.1

Analytical Modeling for Climatic Changes Perceptions and Adaptation
Measures
The data pertaining to the field was obtained through survey and was subjected

to descriptive and quantitative analysis. The analysis involved regression analysis
using Logit Model. For each component, statistically different means were separated
using least significance difference (LSD) at 5% level (p ˂ 0.05).
A chi-square (χ2) test was applied to inspect the relationships amongst
different variables and respondents across the districts.

The determinants of

perception and adaptation were examined using the techniques of Gujarati (2003),
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Maddala (2002), Maddison (2006), Nhemachena and Hassan(2007) and Kassie
(2012). The model was estimated using statistical software SPSS. Chi-square is a
nonparametric test of significance. Chi-square when applied, matches quantities
observed with expected in order to establish whether those are different and to what
extent (Kothari 2007). The value of Chi-square rises with the increase in differences
between expected and observed. The significance of Chi-square is determined through
comparing calculated value with table values. In case table value is lower than
calculated value, it shows that the difference significant or else insignificant. Kothari
(2007) further given certain conditions for application of test such as; observations
used are of random nature, all items included in sample are which means one
individual possesses no effect on other(s) within sample, sample should not be lesser
than ten, overall numbers should be large and constraints should be linear i.e. no
squares and no higher powers.
The standard used is α > 0.05. The value of α is basically probability of
deviation between observed and expected value by chance. The steps involved in
calculated Chi square are computing fe i.e. expected frequencies, getting difference
between fo (observed value) and fe and estimate squares i.e. (fo―fe)2 then Divide by
corresponding frequency (fo-fe)2 /fe, calculating sum i.e. ∑(fo-fe)2/fe. Finally a
comparison is made between calculated and table values.
The logit model determined the possibility of observing any change in the
climatic scenario along with the likelihood of farmers’ adapting to these changes.
The selection of the descriptive variables included for model have been
established through review of relevant literature w Mendels (1994), Rodriquez (1994)
and Ghazouani (2001) and initial discussions with the stakeholders and keeping in
view the nature of farming i.e. rainfed farming practices. It is pertinent to mention that
there is a big difference in farming operations and use of inputs between irrigated
agriculture and rainfed agriculture. The rainfed agriculture is constrained to use
certain inputs which require regular scheduling of water applications. The basic Logit
model is constructed as under:
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Where Pihas been taken as a linear grouping of the descriptive variable of
importance in the research study (X1 to Xn). Therefore,
Pi = ß0 + ß1 X1 + ß2X2 +, ……………………, + ßn Xn ………… (3.2)
However,

By dividing the (3.1) equation, the likelihood expression were converted to
define the log-odds in favors of dependent variable. Thus, the said management of
equations has given the outcome as under;

But

Therefore,

In case of the setting of (3.7) equation, the odd ratio of the probability of dependent
variable of perception and adaptation to changes in the climatic conditions is at the
left hand side.
The approximating logarithmic equation so obtained is:

The variable Di has been a dichotomous one and is a dependent variable, the
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value allotted to it is one while a farmer perceive any changes in climatic conditions
and takes measures for adaption to perceived change otherwise its value is zero.
In order to investigate the influence of diverse variables of the perceptions of
the respondents pertaining to changes in climatic conditions, and adaptation actions
taken by the producers of crops to address impact of climate change, the following
models were applied:

...........(3.9)
Whereas definition of variables is as under:
PCC= perceptions of farmer about the climatic changes and take the values 1 and 0
for Yes and No, respectively. It was considered as dependent variable.
Age = age of the farmers which was measured in years.
SHH= size of household which was measure in numbers and take the value 1 for
household having size above 5, and 0 for 5 & below.
Exp = denote the experiences of farmers (in years) and take value 1 for above 5 years
of farming experience and 0 for 5 & below.
Edu = shows the level of education and take the value 1 for literate and 0 for illiterate
farmer.
FType = indicate farming type (system) and take the value 1 for commercial farming
and 0 otherwise.
CLand = shows the cultivated land in acres and take the value 1 for above 5 acres and
0 for 5 & below.
= is the random error and assumed to follow normal distribution with zero mean
and constant variance i.e.

.
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Similarly, equation (3.10) was used to investigate the effect of different
variables on the adaptation of farmers with the climate change:

.... (3.10)
Whereas definition of variables is given as below:
Adapt = dependent variable showing the adaptation of farmers with climate change
and take the values 1 and 0 for Yes and No, respectively.
CP Date = indicate the change in cropping date, and take the values 1 and 0 for Yes
and No, respectively.
Mulch = shows mulching and take the values 1 and 0 for Yes and No, respectively.
INT Crop = shows the intercropping and take the values 1 and 0 for Yes and No,
respectively.
Cvar = represents the change of sowing in crop variety and take the values 1 and 0 for
Yes and No, respectively.

The remaining variables in equation (3.10) like Age, SHH, Exp, Edu and F Type
have the same meaning as explained after equation (3.9).
It is important to mention that significance of each of the regression
coefficients as defined in equation (3.9) and (3.10) was determined by using the Wald
statistic (equation 3.11):

Wald =

............................................. (3.11)

Which in case of null hypothesis follow, Chi-square distribution with 1 df. For
any coefficient, when the P-value of Wald statistic was lower or equal to the specified
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level of significance (say 5% or 1%), it was declared significant. In logistic regression
analysis, the adjusted odds ratios of the independent variables considered with each
of the response variable (perception of farmers about climate change and adaptation
of farmers with climate) were determined by taking expected values of the
regression coefficients.
Furthermore, to test the association/relationship of different variables with
each of the response variables considered in the study was determined by using
Chi-square test which is defined in equation (3.12).

That in case of the null hypothesis track a Chi-square distribution with
(r-1)(c-1) degrees of freedom. In (3.12) equation, the terms

and

indicate

observed and expected frequencies, respectively. Similarly, in the same case, the
odds ratios (so called unadjusted odd ratios) were computed by using the following
formula:
, that a, b, c and d

are the cell frequencies of 2×2

contingency table of the form:
Table-3.4: 2X2 Contingency Table
Attribute-B
Attribute-A

Yes

No

Total

No

C

D

(c+d)

Yes

A

B

(a+b)

Total

(a+c)

(b+d)

(a+b+c+d)

An odds ratio of greater than 1 indicate that there is a higher odds of
attribute-B happening with exposure to attribute-A, and an odds ratio of less than 1 is
associated with lower odds.
3.4.2

Impact of Rainfall and Temperature on Crops
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A30years meteorological data pertaining to precipitation and temperature was
analyzed against area and productivity. The data was then subjected to an analysis
using Auto Regressive Distributed Lag (ARDL), Co-Integration Technique (Grander
1981 and Engle and Grander 1987) and Bound Test of Co Integration (Pesaran 1999
and Pesaran 2001 and Johnsen 1990). The ARDL model also called bound testing
cointegration model was advanced by M.H. Pesaran and Y. Shin (1999). The rationale
behind use of ARDL model is that the combination of time series variables in the
study is stationary at level and integration at order 1. Thus in such a situation ARDL
approach is most suitable econometric tool compared to some of the other econometric
models. Additionally, we were also aiming to determine impact of diverse independent
variables on the dependent variable both, for the short-run and for the long-run for
which ARDL model is best suited then rest of the models. The ARDL produces the
short run and long run coefficient concurrently along with followings OLS process for
cointegration amid the involved variables. Another advantage of ARDL is that it
offers flexibility about order of the integration pertaining to variables used. Further, it
possesses the suitability regardless of the fact as whether the variables included are
purely I(1), purely I(0) or whether mutually cointegrated (M. J. Frimpong, E.F. Oteng
2006) but the same is not true if there is any variable having 2ndorder difference. The
common formula of ARDL model with n lags for variable Y and m lag for variable X
stands as given below:
………..3.13
While general format of the ARDL ECM runs as below:

The afore given equation reveals the speed with which adjustment of
parameter is taking place. It is also pertinent to note that for Error Correction (EC)
Model to be significant, its value must be in negative form. The EC term states that
any of the divergence occurring in long-run equilibrium amongst the variables is to be
corrected in each period as well as the time period that is to be taken to come yet again
to the long-run equilibrium point. ECMt-1 shows the residuals which are attained out
46

of estimated cointegration mode.

A regression analysis showed attribution of climatic changes to crop area and
productivity subject to model assumptions given in the last para of current chapter.
The productivity regression model used is as under:
P = β0 + β1R+β2T+ e …………………………………………….…3.15

Whereas definition of variables is given as under:
P = productivity per hectare
R = rain/precipitation
T = temperature
βs = coefficients
e = error term

The area under cultivation regression model has been as under;

A = β0 + β1R+β2T+ e ……………………………………….3.16

Whereas definition of variables is given below:

A = Area in hectare
R = rain/precipitation
T = temperature
βs = coefficients
e = error term

3.5

Diagnostic Tools
In this research study the following diagnostic tools have been used to satisfy

various assumptions and to ensure that the results of the analytical model are without
any bias:
1. ADF Unit Root Test was applied to decide on analytical model in light of
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arguments by Kwiatkowski, et al. (1992), Maddala (1998) and Phillips
(1998).
2. Autocorrelation Test - Brush Godfrey LM Test as referred by Breusch, T.
S. (1978) and Godfrey, L. G. (1978).
3. Heteroscedasticity Test - Breusch-Pagan-Godfrey Test in light of Breusch,
at al. (1979).
4. Stability check Test - CUSUM Test & CUSUMSQ Test in light of Brown,
et al. (1975).

3.6

Ethical Concerns
Research related ethical practices were adhered to during the process. The

stakeholders were informed about the objectives of research and its implication to the
future of their rainfed areas in particular and to other areas in general. Thus,
information was collected through informed consent of the stakeholders.

3.7

Model’s Assumptions and Limitations
The results of this study and their interpretation were subject to some

assumptions and limitations. It was a difficult task to isolate the impacts of climate on
agriculture because of technological improvements (crop husbandry, new genotypes,
etc) or acclimatization biophysical (soils, pest and diseases) as well as socioeconomic
attributes such as population, research and extension, improved varieties, land tenure,
credits, markets, etc. Similarly, management may have contributed a lot in crop yields.
The degree which omitted determinants may correlate with rainfall and temperature,
the effects of latter may be affected. Other shortcoming may include CO2 fertilization
which could change the outcome of climate on the yield. Over the year variation
occurring in the solar radiations have not been explicitly considered here. Thus the
instant research has presumed homogeneousness across the study area which is rainfed
for stated features except climate those may impact crops area and yield. Further time
and resources limitations allowed only selection of two representative districts of the
province to conduct the study. Another limitation is that yield and area related results
are based on available data and result did not simulate extent or range of temperature and
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precipitation within which current results will continue in future.
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IV. RESULTS AND DISCUSSIONS
The instant chapter mainly concerns with outcomes of the analysis pertaining
to impact of changes in climate in terms of precipitation and temperature on the area
and productivity of crops under study and crops producers’ perception of climatic
changes and measures taken as adaptation to climatic changes. The results follow
discussions on the outputs of investigations in the light of related studies conducted on
the effects of climatic changes in this region or other parts of the world. There are in
all seven sub-sections, each devoted to a separate topic analyzed and discussed as
detailed below:

4.1

Farmers Perception of Climate Change and Adaptation
Measures

4.1.1

Farmers’ Climate Change Perception
In order to examine the outcome of different elements on the perception of

farmers about the climate change, Logistic Regression was applied and the resultis
summarized as following:
Table-4.1

Climate Change Perception

Factor

B

S.E.

Wald

Df

Sig.

Exp(B)

Ages

0.125

0.022

31.707

1

0.000

1.133

SHH

-1.606

0.718

4.996

1

0.025

.201

FEXP

1.358

0.598

5.160

1

0.023

3.890

EDUL

0.877

0.515

2.903

1

0.088

2.403

FTYPE

-0.408

0.406

1.010

1

0.315

0.665

CLAND

-0.231

0.394

0.344

1

0.557

0.794

Constant

-2.634

0.614

18.380

1

.000

.072

Source: Current Study
It is evident that age coefficient of farmers is affirmativeas well as significant
(p<0.01) with expected (B) of 1.133 suggesting that farmers age is positively related
to climate change perception. It suggests that that more is the age, more are the
chances of having climate change perception. Econometrically it could be said that
one year increase in age increases the understanding regarding climate change by
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about 1.133 times.
The coefficient of household size (HHS) was found negative and significant
(p<0.05) suggesting that greater the household size, lesser is the understanding about
the climate change. In other words, the smaller the HHS (5 or less) will be 4.975
(1/0.201) times more understanding about the climate change as compared to those
having HHS greater than 5 members. It suggests that with greater number of
households, there is greater chance of livelihood diversification, so lesser dependence
on farming which results in somewhat indifference towards climate change.
Similarly, the positive sign of regression coefficient for farming experience
indicates increase in farming experience will significantly (p<0.05) enhance the
understanding of farmers regarding climate change. Its odd ratio suggests that all those
farmers having experience greater than five years in farming is 3.89 times more
understanding of climate change as compared to those having less than five years of
experience in the farming. The result is in line with both the theory and logic. Greater
the experience in any field results in greater understanding about that field. So in this
case, greater experience in farming particularly in rainfed areas will have greater
understanding about changes in climate as well as its influence on crops.
The level of education showed significant effect (p<0.10) on perception of
farmers regarding understanding about changes in climate. It is evident from the odd
ratio that the understanding of the educated farmers regarding climate change is 2.403
times more as compared to non-educated farmers. The result is in line with the theory
and it is concluded that that an educated farmers have more chances of accessing
greater information about the climate change.
The farming types have negative coefficient, however it was found
insignificant (p=0.315). The odd ratio of 0.665 indicates that commercial farmers have
less understanding of climate change as compared to mixed farming type farmers. In
other words, the odds of all those farmers having mixed farming system is 1.504
(1/0.665) which means that mixed farms owners have 1.504 times more understanding
about climate change.
Furthermore, coefficient of cultivated land was negative and insignificant
(p=0.557) indicating that all those farmers having cultivated land up to 5 units have
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less understanding of climate change than the farmers having cultivated land more
than 5 units. In other words, its odd ratio of 0.794 suggests that the odds of farmers
having more than 5 unit cultivated land is 1.259 (1/0.794) times more about the
understanding of climate change than the farmers having up to 5 units of cultivated
land.
In light of foregoing results, we reject null hypothesis and accept alternate
hypothesis i.e. farmers have perception about climate change.
4.1.2

Climate Change Adaptation
The adaptation measures and their affect was investigated using Logit

Regression method and the results derived are reflected in Table and discussed in the
following sections:
Table-4.2
Factor

Climate Change Adaptation
B

S.E.

Wald

Df

Sig.

Exp(B)

Ages

0.140

0.024

34.092

1

0.000

1.150

SHH

1.133

0.840

1.818

1

0.178

3.105

CPDATE

1.086

0.692

2.467

1

0.116

2.963

MULCH

1.843

0.990

3.468

1

0.063

6.318

FEXP

3.052

0.711

18.418

1

0.000

21.160

INTCROP

-1.784

0.621

8.268

1

0.004

0.168

CROPVAR

0.508

0.764

0.441

1

0.507

1.661

EDUL

0.451

0.742

0.369

1

0.543

1.570

FTYPE

-1.236

0.632

3.830

1

0.050

0.290

Constant

-4.152

1.020

16.552

1

0.000

.016

Source: Current Study

Regarding age variable, the coefficient of age of farmers is positive which is in
line with theoretical assumption and significant (p<0.001) with expected (B) of 1.150
suggesting that one year increase in age increases the adaptation prospects of the
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farmers by about 1.150 times.
The coefficient of household size was found positive but insignificant (p>0.17)
but the odd ratio (3.105) suggest the trend that greater the household, greater is the
chances of climatic changes adaptation by the crops producers. In other words, one
unit increase in the household size results in 3.105 times more chances of adaptation to
climatic changes by the crops producers.
In the same token, the positive sign of regression coefficient of cropping date
with insignificant level of confidence (p>0.11) but odd ratio of 2.963 indicates that
farmers vary cropping dates as a measure of adaptation to climatic changes.
Similarly, the positive sign of regression coefficient with slightly insignificant
level (p = 0.063) for mulching and 6.318 odd ratio indicates farmers practicing
mulching as one of the adaptation measures against the climate change. In other
words, farmers practicing mulching will be 6.318 times more likely aware of climate
change effect and taking adaptation measures compared to farmers who do not
practice mulching.
The positive sign of regression coefficient for farming experience indicates
increase in farming experience will significantly (p <0.001) enhance the likelihood of
farmers taking climate change adaptation measures against adverse influence of
changes in climatic conditions on crop production. Its odd ratio suggests that all those
farmers having experience greater than five years in farming are 21.610 times more
active taking climate change adaptation measures as compared to those having less
than five years of experience in the farming.
The intercropping showed negative coefficient, however it was found
insignificant (p < 0.010). The odd ratio of 0.168 indicate that farmers doing
intercropping have less likelihood of taking adaptation measures against climate
change as compared to those farmers not exercising intercropping. In other words the
odds of all those farmers having no intercropping is 5.952 (1/0.168) which means that
farmers with no intercropping have 5.952 times more possibility of taking adaptation
measures pertaining to changes in climate. However, it maybe argued that
intercropping in itself is a form of climate change adaptation by minimizing the risk.
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Similarly, the positive sign of regression coefficient for crop varieties indicates
farmers changing crop varieties as one of adaptation measure against the climate
change. However, statistically the coefficient is highly insignificant (p > 0.50).
With the same token, the positive sign of regression coefficient for education
level shows farmers having more of education are prospective for considering
adaptation measures against the changes in climatic conditions compared to
respondents having no education. However, statistically the coefficient is highly
insignificant (p > 0.50).
Similarly, the negative sign of regression coefficient with significant level (p =
0.05) for farm type and 0.290 odd ratio indicates farms with commercial nature i.e.
mono crop are taking less adaptation measures than farmers having mixed types of
farms. In other words, the mixed type of farms will be 6.318 (1/0.290) times more
likely to take adaptation measures compared to mono crop type farms.
The above results reveal that we are to discard our null hypothesis and at the
same time accept the alternate hypothesis that states that farmers adopted measures to
climate change.
4.1.3

Farmer’s perception about Climate Change through Chi-Square Test
The results regarding association of respondents' perception about changes in

climate with other different variables/factors are shown in below table by applying
Chi-square test along with the Odd ratios.
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Table-4.3

Association between the perception of farmers regarding climate
change and other farming variables

Farming variables

Response

Climate Change
Yes

Above 5

100 (33.1)

5 and below

142
(47)

Size of household

Above 5 years 125 (41.4)
Farm experience

No
7
(2.3)
53 (17.5)
5
(1.7)

5 and below

117 (38.7)

55 (18.2)

Literate

78 (25.8)

6
(2.0)

Education level
Illiterate

164 (54.3)

54 (17.9)

Mixed

189 (62.6)

40 (13.2)

Farming Type
Commercial

53 (17.5)

20 (6.6)

Above 5

167 (55.3)

31 (10.3)

Cultivated Land
5 and below

75 (24.8)

29 (9.6)

Total
107
(35.4)
195
(64.6)
130
(43)
172
(57)
84
(27.8)
218
(72.2)
229
(75.8)
73
(24.2)
198
(65.6)
104
(34.4)

Odd++
ratio

Chi-square P-valu

5.332

18.483

0.000

11.752

36.802

0.000

11.835

0.000

3.428

0.049

4.280

1.783

2.083

6.404

Note: ++ indicate unadjusted odds ratio
Source: Current Study
It is evident that size of household showed significant association (P < 0.01)
with perception of respondents pertaining to changes in climate. It suggests that any
change (increase or decrease) in the household size can affect the perception of
farmers about the climatic changes. It shows that odds of farmers having size of
household greater than 5 (above 5) is 5.332 times more than the odds of farmers
having size of household up to 5 members about the changes in climate.
Similarly, the farming experience (years) was significantly associated (P <
0.01) with the perception of farmers about the changes in climate suggesting highly
significant association between the farming experience and understanding of the
farmers regarding climate change. The odds ratio indicate that all respondents having
greater than 5-year of farming experiences have greater understanding of the changes
occurring in the climate. It may be simply expressed that odds of respondent farmer
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0.009

having above 5-year of farming experiences having an odds of 11.752 times more as
compared to those having up to 5-years of farming experience about the climate
change.
The Chi-square test for testing association between the educational level and
perception regarding climate change of the farmers was found highly significant ( P<
0.01) suggesting that educational level of respondents can lead to change the
understanding of farmers about the changes in climate. The odds ratio for educational
level of the respondents represent that odds of educated farmers are 4.280 times more
in comparison to the uneducated respondent farmer about the perception of change in
climate. These results suggest that educated farmers have more understanding about
the climate change than the uneducated farmers.
Farming type the farmers in the study area was divided in two types of farming
viz commercial farming and mixed farming. Since, the P-value of the chi-square test
for testing association about the farming type and perception of the farmers about the
climate change is less than 5% level of probability suggesting significant association
between the selected two attributes. It further suggests that the two categories farming
system of farmers are not equally likely about the understanding of changes in the
climate. The odds ratio reveal that the odds of the farmers of mixed farming type
regarding understanding of climate change is 1.783 times more as compared to the
farmers having commercial type of farming system.
From the results it is evident that cultivated land (unit) is significantly
associated ( P < 0.01) with the perception of farmers about climate change suggesting
that the two categories of farmers (based on cultivated land) are not equally likely
about the climatic condition of the region. The odds ratio indicate that the farmers
having above 5 unit of cultivated land have 2.083 times more odds of understanding
climate change than the farmers having up to 5 units of cultivated land.
4.3.4

Farmer’s Adaptation Measures to Climate Change through Chi-Square
Test
The association of respondents’ perception about climatic adaptations with

other variable viz size of household, farming experience, literacy level of farmers,
farming type, type of cultivated land, mulching, cropping date, crop varieties and
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intercropping are listed in the below table:
Table-4.4

Association between the Adaptation and other farming variables

Farming variables

Response

Adaptation
Yes

No
4
(1.3)

Above 5

103 (34.1)

5 and below

97
(32.1)

98 (32.5)

Above 5 years

126 (41.7)

4
(1.3)

5 and below

74
(24.5)

98 (32.5)

Literate

74
(24.5)

10
(3.3)

Illiterate

126 (41.7)

92 (30.5)

Mixed

159 (52.6)

70 (23.2)

Size of household

Farm experience

Education level

Farming Type
Commercial

41 (13.6)

32 (10.6)

Above 5

147 (48.7)

51 (16.9)

5 and below

53
(17.5)

51 (16.9)

Yes

37
(12.3)

4
(1.3)

No

163
(54)

98 (32.5)

Yes

102 (33.8)

13
(4.3)

No

98
(32.5)

89 (29.5)

Yes

49
(16.2)

9
(3.0)

No

151
(50)

93 (30.8)

Yes

112 (37.1)

94 (31.1)

No

88
(29.1)

8
(2.6)

Above 5

147 (48.7)

51 (16.9)

5 and below

53
(17.5)

Cultivated Land

Mulching

Cropping date

Crop Verities

Intercropping

Cultivated Land

51 (16.9)

Odd
ratio

ChiSquare

P-value

26.015

66.840

0.000

41.716

96.166

0.000

(27.8)
218
(72.2)
229
(75.8)
73
(24.2)
198
(65.6)
104
(34.4)
41

5.403

24.884

0.000

4.357

0.027

2.774

16.522

0.000

(13.6)
261
(86.4)
115
(38.1)
187
(61.9)
58

5.561

12.236

0.000

7.126

41.925

0.000

(19.2)
244
(80.8)
206
(68.2)
96
(31.8)
198
(65.6)
104
(34.4)

3.353

10.698

0.001

0.108

40.727

0.000

Total
107
(35.4)
195
(64.6)
130
(43)
172
(57)
84

1.773

2.774

16.522

0.000

Source: Current Study
The results indicate that maximum percentage of the total farmers (200,
57

66.2%) showed their concern about the adaptation with the climate change in
comparison of no adaptation (102, 33.8%).
It is clear that the size of household showed significant association (P < 0.01)
with the adoption of farmers regarding climate change. It suggests that any change in
the size of household of the concerned farmers significantly affect the perceptions of
respondent farmer pertaining to adaptations of climatic changes. The results indicate
that the percentage of all those farmers having household size greater than 5 and
having climate change adoption was higher (34.1%) as compared to those having size
of household 5 and below (32.1%); however, the percentage of having no adoption
with climate change was higher (32.5%) in the farmers having lower family size
(1.3%). The odd ratio indicate that the odds of farmers having greater household size
have 26.015 times more adoption with climate change in comparison to lower
household size.
Similarly, it is evident that maximum percentage of the farmers having above 5
years of farming experience (41.7%) showed their perception regarding adoption of
climate change as compared to the farmers having below 5 years of farming
experience (24.5%). It also represents that no adaptation with climate change of the
farmers having greater farming experience was lower (1.3%) as compared to have less
farming experience (32.5%). The results reveal highly significant association (P <
0.01) between the farming experience and adaptation with climate change of the
sampled farmers. As evident from the odds ratio, the odds of farmers having greater
farming experience is 41.716 times more as compared to the farmers having below 5
years of experience, regarding adoption of climate change. Therefore, it is concluded
that farming experience (in terms of years) plays a vital role in understanding the
climate changes and adaptation with climatic changes. The results suggest that the
farming experience play a significant role in adaption of climate changes, and
adopting latest agricultural technologies (Agwu et al. 2008) that can be effectively
used according to fulfill the farmers need.
The association is significant (P < 0.01) was recorded between education level
of the farmers and the farmer’s adoption to climate changes. It is evident that
maximum percentage of illiterate farmers (41.7%) showed adoption with climate
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changes in comparison to educated farmers (24.5%), but the percentage of having no
adoption with climate changes was higher in illiterate farmers (30.5%) as compared to
educated farmers (3.3%); however, the odds of educated farmers was 5.403 times
more than the illiterate farmers regarding adoption with climate change. The odds
ratio suggests that educated farmers are well aware about the frequent changes in
climate and the ways of adaptation with these changes. It has been reported that
educational levels of the respondents and adjustment with latest information of
agricultural practices are dependent to each other (Ekanem et al., 2006), and hence it
is concluded that awareness among the farming community is prerequisite with proper
training to have knowledge about the hazardous effects of climate changes and
adoption with climate changes by using appropriate methods of agricultural practices.
The farming type of the farmers was divided in to mixed-commercial farming
and the commercial farming only. The results reveal that maximum percentage of the
farmers were involved in mixed-commercial farming and having adaptation with
climate change (52.6%) while only 13.6% of the total farmers having climate change
adaptation were involved in commercial farming. On the other hand, 23.2% exhibited
no adaptation to climatic changes within the category of mixed-commercial farming,
and 10.6% of the farmers showed their concern of no adaptation with climate change
that were associated with the commercial farming. Furthermore, a significant
association (P < 0.05) was found between the farming type and adoption to climate
change suggesting that these two factors are dependent to others i.e. any change in the
farming system/type might bring change in the perception of farmers regarding
adoption with the climate change. The odds suggest that all those farmers associated
with the mixed-commercial farming having 1.773 times more odds compared to the
farmers involved in commercial farming.
Cultivated land was classified into two categories viz the farmers having above
5 (acre/hectare) and up to 5 (acre/hectare) of cultivated land in the study areas. It is
evident that maximum percentage of the farmers (65.6%) have cultivated area greater
than 5 (acre/hectare) and 34.4% of the farmers have up to 5 (acre/hectare) of the
cultivated land. As evident from the P-value of Chi-square test, the type of farmers
based on the cultivated area showed highly significant association (P < 0.01) with the
climate change adoption. Maximum percentage of the farmers having cultivated land
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greater than 5 (acre/hectare) (48.7%) showed their adaptation with the climate while
only 17.5% of farmers having up to 5 units of area showed their concern regarding
climate change adoption. The odds ratio indicate that the odds of farmers having
greater cultivated land is 2.774 times more as compared to the farmers having less
cultivated land, regarding the climate change adoption.

4.2

Impact of Temperature and Precipitation on Wheat and Maize
Yield in District Mansehra
Wheat is a major crop of winter season (Rabi) in district Mansehra. Wheat is a

staple crop of the district as well as the country. At country level the wheat is
consumed to the tune of 24.50 million metric tons annually.

Similarly maize

consumption at the national level is to the tune of 6.3 million metric tons. (https:
//gain.fas.usda.gov). It is therefore, important to investigate impact of climate change
on these important crops. The results will help to develop guidelines for future R&D
and policy options in the country. The district wise results and discussion thereupon is
provided in the following sections.
4.2.1

District Mansehra – Wheat Yield
Wheat is a staple food crop of the people in district Mansehra. Wheat is grown

on 92.60% of cultivated area in the district during winter. In terms of area, the wheat
Due to the eating habits of the people the wheat crop is grown on about 37,131
hectares out of 40.091 hectares of cropped area in winter cropping season. Keeping in
view the importance of this crop in the district, the crop has been selected for the
study.
Before econometric analysis using ARDL Model, certain assumptions were
necessary to be satisfied. Therefore, a number of tests were conducted which are
detailed below along with their results.
4.2.1.1 ADF Unit Root
For the econometric analysis of time series data, it is necessary that the data
should be stationery. Therefore, the data was transformed to logarithm and then in
order to determine stationarity of the data, ADF test was used. The test checked
integration order. The test included extra lagged length of variable (dependent)in order
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to remove the problem of autocorrelation in the model. Justification of using ARDL
model is based on ADF test for the stationarity of the data. The results of the ADF unit
root test are given in the following table:
Table-4.5

Result of ADF Unit Root Test
Variable

ADF Unit Root Test

Order

T-Stat

Prob. Values

Logarithm of Wheat yield

-6.722

0.0000

I(1)

Logarithm Mean Temperature

-4.339

0.002

I(0)

-5.824

0.0000

I(0)

Logarithm
Mean precipitation
Source: Current Study

The results in the above table reveal that data of variable ‘wheat yield’ is
stationary at first difference while data of variables ‘temperature’ and ‘precipitation’ is
stationary at level. The value of t-statistics is -6.772 and Probability value is 0.0000.
Thus p value is less than 5% which means at 5% mean variable is stationary at level.
Similarly t-statistics and p-values of temperature and precipitation reflects that both
variables are stationary at level. The data stationarity was determined using same test
by a number of researchers (Peter et al., 1988).
4.2.1.2 Diagnostic tests:
It was considered important to apply diagnostic tests to avoid any biasness in
the results of the study. Accordingly the following diagnostic tests were performed to
satisfy the assumptions like autocorrelation and Heteroscedasticity.
(a) Autocorrelation
To determine

the

presence

of

autocorrelation

problem

or

otherwise,

Breusch-Godfrey LM technique has been used. The outcomes of the test shown as
below.
Table-4.6

Result of Breusch God-frey LM Test

F-stat

0.920149

Prob. F(2,11)

0.4271

Obs*R-sq

3.869696

Prob. Chi-Sq(2)

0.1444
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Source: Current Study
The above table shows that the p-values related with test statistics is higher
than the standard significant level [i.e. 0.144> 0.05]. Thus, Breusch’s test results
reveal that the data is free of autocorrelation problem i.e. there is no autocorrelation.
The same test to check autocorrelation was used Pervez et al., 2010.
(b) Heteroscedasticity:
The presence of Heteroscedasticity in the data could result in biased results.
Therefore, it was important to check its presence or otherwise. For this purpose,
Breusch-Pagan-Godfrey test was used that gave following result.
Table-4.7

Results of Breusch-Pagan-Godfrey test

F-stat

0.994834

Prob. F(13,13)

0.5037

Obs*R-sq

13.46504

Prob. Chi-Sq(13)

0.4126

Scaled explained SS

2.741691

Prob. Chi-Sq(13)

0.9987

Source: Current Study
The diagnostic test given in the above table shows at 5%, p-value associated
with the test statistics is greater than the standard significance level [i.e. 0.4126>
0.05]. The results reveal that the data is homoscedastic and there is no problem of
Heteroscedasticity.
(c) Stability Check
As shown in the following figures, the plot of both the CUSUM and the CUSUMQ
plot residual are found in side the boundaries showing the stability of the parameters
has remained within its critical bounds of parameter stability at 5%.
Figure-4.1 CUSUM Test
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Figure-4.2 CUSUM of Square Test

Both the above figures clarify that the CUSUM as well as the CUSUMQ
tests confirm the stability of the long-run coefficients along with the short-run
dynamics.These tests are in line with the many other researchers work such as
Sahbi F. (2012) and Stephen E. M. (1982).
4.2.1.3 ARDL Bounds Test Results
After satisfying all the necessary assumptions, the relationship between wheat
yield as a dependent variable and temperature and precipitation as independent
variables was estimated using ARDL (bounds) test. The result of the test as depicted in
following table shows long run relationship amongst the variables.
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Table-4.8

ARDL Bound Test Results

Test Statistics

Value

K

F-statistic

8.460

2

I0 Bound

I1 Bound

10.0%

3.17

4.14

05.0%

3.79

4.85

02.5%

4.41

5.52

01.0%

5.15

6.36

Critical Value Bounds
Significance

Source: Current Study
The value of F Statistics in the table is 8.46 that is higher than upper boundary
that shows relationship of long run nature among the variables.
We used Akike Info Criterion (AIC) to select the optimal lag length of
variables included in the ARDL model. Table 4.3 presents the results of long-run
relationship of the selected ARDL model (3,4,4) using Schwarz Bayesian Criterion
(SBC).
Long Run Estimation
The long run estimation results are reflected in the following table which
shows that both temperature and precipitation are positively and significantly related
to the wheat yield in the long run.
Table-4.9

Long Run Estimation Results of ARDL (3,4,4) Model

Variables

Coefficients

Std. Error

t-Stat

Prob.

LWHEAT_TEMP

3.714

0.782195

4.748261

0.0004

LWHEAT_PRECIP

1.583

0.586459

2.698739

0.0182

C

-6.39

2.913093

-2.194763

0.0469

LWHEAT_YIELD=-6.39+3.714LWHEAT_TEMPERATURE+1.583LWHEAT_PRECIPITATION

Source: Current Study
The above scenario reveals that temperature and precipitation are positively
and significantly related to wheat yield in the long run. The equation shows that if 1%
change occur in precipitation wheat yield will improve by 1.583% and if temperature
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increases by 1% the wheat yield will improve by 3.714% in the long run.
Short Run Estimation
The table given below indicates the short run relationship between wheat yield
and temperature and precipitation.
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Table-4.10

Short Run Estimation Results of Cointegration Form of ARDL
(3,4,4) Model

Cointegrating Form
Variables

Coefficient

Std. Error

D(LWHEAT_YIELD(-1))

-0.025488

0.196943

-0.129416

0.8990

D(LWHEAT_YIELD(-2))

-0.216262

0.160628

-1.346355

0.2012

D(LWHEAT_TEMP)

0.378930

0.463448

0.817631

0.4283

D(LWHEAT_TEMP(-1))

-0.320502

0.496660

-0.645315

0.5299

D(LWHEAT_TEMP(-2))

-1.538222

0.534321

-2.878836

0.0129

D(LWHEAT_TEMP(-3))

-1.648004

0.582195

-2.830671

0.0142

D(LWHEAT_PRECIP)

0.341336

0.212161

1.608857

0.1317

D(LWHEAT_PRECIP(-1))

-0.295750

0.235570

-1.255463

0.2314

D(LWHEAT_PRECIP(-2))

-0.139246

0.202482

-0.687699

0.5037

D(LWHEAT_PRECIP(-3))

-0.452239

0.194169

-2.329105

0.0366

-1.001

0.224848

-4.454906

0.0006

ECT(-1)

t-Statistic

Prob.

Cointeq = LWHEAT_YIELD- (3.7141*LWHEAT_TEMP+ 1.5827
*LWHEAT_PRECIP -6.3935 )
Source: Current Study
In the above estimation, for model to be fit, the sign and value of ECT must be
negative and significant. The coefficient of ECT is (-1.00) means the speed of
adjustment is (-1.00) which implies that around 100% deviations from long-term
equilibrium are adjusted every year.
The coefficient of determination (R2) is 84, indicating that 84% of the
dependent variable’s variation i.e. wheat yield is explained by the explanatory
variables presented in the linear model.
The above results show that we reject our null hypotheses and accept the
alternate hypotheses i.e. there has been change in yield due to climate change
4.2.2

District Mansehra - Wheat area
Before applying econometric techniques to determine impact of temperature

and precipitation on wheat area in District Mansehra, stationarity of data was
established and diagnostic assumptions were satisfied using following tests.
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4.2.2.1 ADF Unit Root
For realistic results, it is necessary that the data used in the study is of
stationery nature. ADF test was used to establish this fact. Test checked the integration
order. It included extra lagged length of variable (dependent) to remove the problem
of autocorrelation in model. The test justified use of ARDL model. The results of the
ADF unit root test are given in the following table.
Table-4.11

Results of the ADF Unit Root Test

Variable

ADF Unit Root Test

Order

T-stat

Prob. Values

Wheat Area

-7.4498

0.0000

I(1)

Mean Temperature

-5.607

0.0001

I(0)

Mean precipitation

-5.972

0.0000

I(0)

Source: Current Study
The results in the above table depicts that data of variable ‘wheat area’ is
stationary at first difference while data of variables ‘temperature’ and ‘precipitation’ is
stationary at level. The value of t-statistics is -7.4498 and Probability value is 0.000.
Thus p value is less than 5, which means at 5% mean variable is stationary at level.
Similarly t statistics and p values of temperature and precipitation reflect that both
variables are stationary at level.
4.2.2.2 Diagnostic test
The following diagnostic tests were performed to satisfy the assumptions like
autocorrelation and Heteroscedasticity.
(d) Autocorrelation
In order to know the existence of autocorrelation problem or otherwise, Brush God
fray LM test was used. Results of test are presented in the following table.
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Table-4.12

Results of Breusch-Godfrey LM Test

F-stat

0.617877

Prob. F(2,24)

0.5474

Obs*R-sq

1.469050

Prob. Chi-Sq(2)

0.4797

Source: Current Study
The above table shows that the p-values associated with test statistic is greater
than the standard significant level [i.e. 0.4797> 0.05]. Thus, Breusch’s LM test results
reveal that the data is free of autocorrelation problem.
b) Heteroscedasticity
The presence of Heteroscedasticity in the data could result in biased results.
Therefore, it was important to check its presence or otherwise and test result are given
in the table below:
Table-4.13

Results of Breusch-Pagan-Godfrey Test

F-stat

0.335026

Prob. F(3,26)

0.8001

Obs*R-squared

1.116543

Prob. Chi-Sq(3)

0.7731

Scaled explained SS

1.862917

Prob. Chi-Sq(3)

0.6013

Source: Current Study
The diagnostic test for Heteroscedasticity test given in the above table displays
that at 5%, p-value associated with the test statistics is greater than the standard
significance level [i.e. 0.7731> 0.05]. The results reveal that the data is homoscedastic
and there is no problem of Heteroscedasticity.
(e) Stability Check
The analysis of both the CUSUM and the CUSUMQ reveals that residual are
within the boundaries showing the stability of the parameters at 5%.
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Figure 4.3 CUSUM Test Result

Figure 4.4 CUSUM of Square Test Result

Both the above figure clarify that the CUSUM as well as the CUSUMQ tests
confirm the stability of the long-run coefficients along with the short-run dynamics.
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4.2.2.3 ARDL Bounds Test
After satisfying all the necessary assumptions, the relationship between wheat
area as a dependent variable and temperature and precipitation as independent
variables was estimated using ARDL (bounds) test. The result of the test as depicted in
following table shows long run relationship amongst the variables.
Table-4.14

ARDL Bound Test Results
Test Statistic

Value

K

3.830

2.00

I0 Bound

I1 Bound

10.00%

3.170

4.140

5.00%

3.790

4.850

2.50%

4.410

5.520

1.00%

5.150

6.360

F-statistic
Critical Value Bounds
Significance

Source: Current Study
The ARDL (Bound test) shows long-run relationship among the variables in
the above Table F Statistics value is 3.83 which lies between lower and upper
boundaries. It shows long-run relationship since we take decision from ECT. ECT
must be negative and significant for the model to be fit. When Error correction term is
negative and significant it shows long run relationship.
We used Akike Info Criterion (AIC) to select the optimal lag length of
variables included in the ARDL model. Table 4.11 presents the results of long-run
relationship of the selected ARDL model (1,0,0) using AIC.
4.2.2.4 Long Run Estimation
The long run estimation results are reflected in the following table which
shows that both temperature and precipitation are positively buthighly insignificantly
related to the area under wheat in the long run.
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Table-4.15

Long Run Estimation Results ARDL (1,0,0)

Variable

Coefficient

Std. Error

t-Statistic

Prob.

WHEAT_PRECIP

104.962

93.003323

1.128584

0.2694

WHEAT_TEMP

317.849

1627.611914

0.195286

0.8467

25345.874

14685.665593

1.725892

0.0962

C

WHEAT_AREA=25345.874+104.962WHET_MEAN_PRECIPITATION+317.849WHEAT_MEAN_
TEMPERATURE

Source: Current Study
The above scenario reveals that precipitation and temperature were found
insignificant related to area under wheat cultivation in the long run as the probability
level of precipitation is observed as 0.269 whereas that of temperature is observed as
0.846.
4.2.2.5 Short Run Estimation:
The table given below indicates the short run relationship between wheat area
and temperature and precipitation.
Table-4.16

Short Run Estimation Results of Cointegration Form

Variable

Coefficient

D(WHEAT_PRECIP)

51.936661

D(WHEAT_TEMP)
Ect(-1).CointEq(-1)

Std. Error
35.977296

t-Statistic

Prob.

1.443595

0.1608

157.276433 798.399548

0.196990

0.8454

-0.494814

-2.722803

0.0114

0.181729

Cointeq = WHEAT_AREA - (104.9621*WHEAT_PRECIP + 317.8499
*WHEAT_TEMP + 25345.8738 )
Source: Current Study
In the above estimation, the sign and value of ECT must be negative and
significant respectively. The coefficient of ECT is -0.49 means the speed of
adjustment is -0.49 which implies that around 49 % deviations from long-term
equilibrium are adjusted every year.
The coefficient of determination (R2) is 24 indicating that 24% of the
dependent variable’s variation i.e. wheat area is explained by the explanatory variables
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presented in the model applied.
The above results show that we reject our null hypotheses and accept the
alternate hypotheses i.e. there has been change in area due to climate change
4.2.3

District Mansehra – Maize Yield
Maize is a major crop of summer season (kharif) in the district Mansehra.

Maize is produced to the tune of 5.27 million tons annually in the
country(https://gain.fas.usda.gov). Being important summer crop of the district
Mansehra, it occupies92.60 % of cultivated area in the summer season. It is therefore,
important to investigate impact of climate change on its yield and the results will help
provide guideline for future crop development plans.
4.2.3.1 ADF Unit Root Test
In order to check whether time series data to be used for this piece of research
is stationery or otherwise, the data was transformed to logarithm and then Augmented
Dickey and Fuller (ADF) test was applied. The test checked the order of integration.
ADF test includes the extra lagged length of dependent variable to assess statistical
problem in the model. The use of ARDL model is justified on the basis of ADF for the
stationarity of the data. The results of the ADF unit root test are given in the following
table.
Table-4.17

Results of the ADF Unit Root Test

Variable

ADF Unit Root Test

Order

T-stat

Prob. Values

Log of Maize yield

-9.2591

0.0000

I(1)

Log of Mean
Temperature
Mean precipitation

-3.597

0.012

I(0)

-6.946

0.0000

I(0)

Source: Current Study
The results show that variable maize yield remained stationary at first
difference while temperature and precipitation are stationary at level. Log of Maize
yield is stationary at first difference. The value of t-statistics is -9.2591 and Probability
value is 0.000. So the p value is less than 5, so at 5% we accept that data of maize
yield is stationary. Log of Mean temperature is stationary at level. At 5% of t value is
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-3.597 and p value is 0.012 which shows that temperature data is stationary. Similarly
Log of Mean precipitation is stationary at level. The p value is 0.000 and t Statistics
value is -6.946 so we accept that precipitation data is stationary.
4.2.3.2 Diagnostic test
The following diagnostic tests were performed to satisfy the assumptions like
autocorrelation and Heteroscedasticity so that our estimated results free of any biases.
Autocorrelation
In order to know the existence of autocorrelation problem or otherwise,
Breusch-Godfrey LM test was applied. The results of the test are presented in the
following table.

Table-4.18

Results of Breusch-Godfrey LM Test

F-stat

1.221666

Prob. F(2,22)

0.3140

Obs*R-squared

2.998771

Prob. Chi-Sq(2)

0.2233

Source: Current Study
The above table shows that the p-values associated with test statistic is greater
than the standard significant level [i.e. 0.2233> 0.05]. Thus, Breusch’s LM test results
reveal that the data is free of autocorrelation problem i.e. there is no autocorrelation.
Heteroscedasticity
The presence of Heteroscedasticity in the data could result in biased results.
Therefore, it was important to check its presence or otherwise and result of the test are
presented in the table below.
Table-4.19

Results of Breusch-Pagan-Godfrey test

F-statistic

0.940476

Prob. F(5,24)

0.4729

Obs*R-squared

4.914974

Prob. Chi-Sq(5)

0.4263

Scaled explained SS

5.800405

Prob. Chi-Sq(5)

0.3261

Source: Current Study
The diagnostic test for Heteroscedasticity using Breusch-Pagan-Godfrey test
given in the above table shows at 5%, p-value associated with the test statistics is
greater than the standard significance level [i.e. 0.4263> 0.05]. The results reveal that
73

the data is homoscedastic and there is no problem of Heteroscedasticity.
Stability Check
As shown in the following figures, the plot of both the CUSUM and the
CUSUMQ residual are within the boundaries. That is to say that the stability of the
parameters has remained within its critical bounds of parameter stability at 5%.
Figure 4.5 CUSUM Test Result

Figure 4.6 CUSUM of Squares Test Result

74

Both the above figure clarify that the CUSUM as well as the CUSUMQ tests
confirm the stability of the long-run coefficients along with the short-run dynamics.
4.2.3.3 ARDL Bounds Test Results
After satisfying all the necessary assumptions, the relationship between maize
yield as a dependent variable and temperature and precipitation as independent
variables was estimated using ARDL (bounds) test. The result of the test as depicted in
following table shows long run relationship amongst the variables.
Table-4.20 ARDL Bound Test Results
Test Statistic

Value

K

6.971

2

I0 Bound

I1 Bound

10.00%

3.170

4.140

5.00%

3.790

4.850

2.50%

4.410

5.520

1.00%

5.150

6.360

F-stat
Critical Value Bounds
Significance

Source: Current Study
The value of F Statistics in the above table is 6.971 which is higher than upper
boundary that shows long run relationship among the variables. Therefore, we used
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Akike Info Criterion (AIC) to select the optimal lag length of variables included in the
ARDL model. Table presents the results of long-run relationship of the selected ARDL
model (1, 1,1) using AIC.
Long Run Estimation
The long run estimation results are reflected in the following table which
shows that both temperature and precipitation are positively and significantly related
to the Maize yield in the long run.
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Table-4.21 Long Run Estimation Results ARDL (1, 1, 1)
Long Run Coefficients
Variable
Coefficient
Std. Error
t-Statistic
LMAIZ_TEM 6.580
4.002476
1.644166
P
LMAIZ_PREC 1.422
0.555853
2.558002
IPIT
C
-16.387
11.819664
-1.386434
LMaizeYield=-16.387+6.580LMAIZ_TEMP+1.422LMAIZ_PRECIPIT
Source: Current Study

Prob.
0.1132
0.0173
0.1784

The above scenario reveals that precipitation is positively and significantly
related to Maize yield in the long run. Temperature is positively but insignificantly
related maize yield in the long run. The equation shows that if 1% change occur in
precipitation wheat yield will increase by 1.422% and if temperature changes by 1%
the wheat yield will increase by 6.580% at 1% level of significance in the long run.
Short Run Estimations
The table given below indicates the short run relationship between Maize yield
and temperature and precipitation.
Table-4.22

Short Run Estimation Results of Cointegration Form
Cointegrating Form

Variable

Coefficient

Std. Error

t-Statistic

Prob.

D(LMAIZ_TEMP)

1.650

2.044392

0.807137

0.4275

D(LMAIZ_PRECIPIT)

0.675

0.202190

3.335747

0.0028

ECT(-1) CointEq(-1)

-0.64

0.155714

-4.109907

0.0004

Cointeq = LMAIZ_YIELD - (6.5807*LMAIZ_TEMP + 1.4219*LMAIZ_PRECIPIT

-16.3872 )

Source: Current Study
In the above estimation, the sign and value of ECT must be negative and
significant respectively. The coefficient of ECT is (-0.64) means the speed of
adjustment is (-0.64) which implies that around 64% deviations from long-term
equilibrium are adjusted every year.
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Coefficient of Determination
The determination coefficient of 44% indicates that 44 percent of the
dependent variable variation (Maize Yield) in the form of explanatory variables is
explained by the linear model applied in the instant case.
The results show that we reject our null hypotheses and accept the alternate
hypotheses i.e. there has been change in yield of maize due to climate change.
4.2.4

District Mansehra - Maize area under cultivation:

4.2.4.1 Stationarity
To check the stationarity in the data, Augmented Dickey and Fuller (ADF) test
was used and results are given in the following table.
Table-4.23

Results of the ADF Unit Root Test

Variable

Maize Area
Mean
Temperature
Mean
precipitation

ADF Unit Root Test

Order

T-stat

Prob. Values

-5.249

0.0002

I(1)

-3.602

0.012

I(0)

-7.010

0.0000

I(0)

Source: Current Study
The resultshown asvariable Maize Area is stationary at first difference and
temperature and precipitation are stationary at level. Maize area is stationary at first
difference and temperature and precipitation at level. The value of t-statistics is -5.249
and probability value is 0.0002. So p value is less than 5% so at 5% we accept that
temperature data is stationary at level. At 5%,t value is -3.602 and p value is 0.012. So
we accept stationarity of data. Similarly precipitation is stationary at level. The P
value is 0.0000 and t-statistics value is -7.010. Thus t-statistics and p values of
temperature and precipitation reflect that both variables are stationary at level.
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4.2.4.2 Diagnostic test
The following diagnostic tests were performed to satisfy the assumptions like
autocorrelation and Heteroscedasticity before conducting estimation test.
Autocorrelation
In order to know the existence of autocorrelation problem or otherwise, Brush
God fray LM test was applied. The results of the test are presented in the following
table.
Table-4.24

Results of Breusch Godfrey LM Test

F-stat

0.771967

Prob. F(2,13)

0.4822

Obs*R-squared

2.760071

Prob. Chi-Sq(2)

0.2516

Source: Current Study
The above table shows that the p-values associated with test statistic is greater
than the standard significant level [i.e. 0.2516> 0.05]. Thus, Breusch’s test results
reveal that the data is free of autocorrelation problem.
Heteroscedasticity
The presence of Heteroscedasticity in the data could result in biased results.
Therefore, it was important to check its presence or otherwise in the data. The results
of the test are presented in the table below.
Table-4.25

Results of Breusch-Pagan-Godfrey Test

F-stat

1.545116

Prob. F(10,15)

0.2161

Obs*R-squared

13.19260

Prob. Chi-Sq(10)

0.2131

Scaled explained SS

3.036541

Prob. Chi-Sq(10)

0.9806

Source: Current Study
The diagnostic test for Heteroscedasticity given in the above table shows that
at 5%, p-value associated with the test statistics is greater than the standard
significance level [i.e. 0.2131> 0.05]. The results reveal that the data is homoscedastic
and there is no problem of Heteroscedasticity.
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Stability Check
As shown in the following figures, the plot of both the CUSUM and the
CUSUMQ residual are within the boundaries at 5%.
Figure 4.7 CUSUM Test Result

Figure 4.8 CUSUM Square Test Result

Both the above figure clarify that the CUSUM as well as the CUSUMQ tests
confirm the stability of the long-run coefficients along with the short-run dynamics.
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4.2.4.3 ARDL Bound Test
After satisfying all the necessary assumptions, the relationship between maize
area as a dependent variable and temperature and precipitation as independent
variables was estimated using ARDL bound test. The result of the test as depicted in
following table shows long run relationship amongst the variables.
Table-4.26

ARDL Bound Test Results
Test Stat

Value

k

6.104

2.000

I0 Bound

I1 Bound

10.00%

4.190

5.060

5.00%

4.870

5.850

2.50%

5.790

6.590

1.00%

6.340

7.520

F-stat
Critical Value Bounds
Significance

Source: Current Study
The value of F Statistics in the above table is 6.104 which is higher than upper
boundary that shows long run relationship among the variables. We used Akike info
criterion (AIC) to select the optimal lag length of variables included in the ARDL
model. Table presents the results of long-run relationship of the selected ARDL model
(1,0,4) using AIC.
Long run Estimation
The long run estimation results are reflected in the following table shows that
both temperature and precipitation are positively and significantly related to the maize
area in the long run.
Table-4.27
Variable

Long Run Estimation Results of ARDL (1,0,4)
Coefficient Std. Error
t-Statistic

Mean MAIZ_PRECIPIT
Mean MAIZ_TEMP
C
@TREND

Prob.

87.554

67.326621

1.300450

0.2131

24668.555

7172.284091

3.439428

0.0037

-294699.217 105586.068998

-2.791080

0.0137

-6.445543

0.0000

-1140.159

176.891020

MAIZ_AREA= -294699.217+ 87.554MEAN_MAIZ_PRECIPITATION+24668.56MEAN_MAIZ_TRMPERATURE
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Source: Current Study
The above scenario reveals that temperature is positively and significantly
related to maize area under cultivation in the long run, while precipitation is positively
but insignificantly related to maize area under cultivation in the long run. With 1%
increase in precipitation, maize Area under cultivation will increase by 87.54%at 2%
level of significance and if temperature changes by 1% the maize area under
cultivation will increase by 24666.56 units in the long run.
Short run Estimation
The table given below indicates the short run relationship between maize area
and temperature and precipitation.
Table 4.28

Short Run Estimation Results of Co-integration Form
Cointegrating Form

Variable

Coefficient

Std. Error

t-Statistic

Prob.

D(MAIZ_AREA(-1))

0.671737

0.221183

3.037021

0.0083

D(MAIZ_PRECIPIT)

72.172688

54.923612

1.314056

0.2086

D(MAIZ_TEMP)

5567.037984

2643.052399

2.106291

0.0524

D(MAIZ_TEMP(-1))

-3018.107933

2411.484179

-1.251556

0.2299

D(MAIZ_TEMP(-2))

-4018.215047

2501.488838

-1.606329

0.1290

D(MAIZ_TEMP(-3))

1992.076048

2523.345846

0.789458

0.4421

D(MAIZ_TEMP(-4))

-9214.580774

2549.140209

-3.614780

0.0025

D(@TREND())

-939.848326

239.750899

-3.920103

0.0014

ECT(-1).CointEq(-1)

-0.824314

0.183378

-4.495152

0.0004

Cointeq = MAIZ_AREA - (87.5549*MAIZ_PRECIPIT + 24668.5547
*MAIZ_TEMP -294699.2165 -1140.1587*@TREND )
Source: Current Study
The above table indicates the short run relationship between maize area and
temperature and precipitation. In the above estimation, the sign and value of ECT
must be negative and significant respectively. The coefficient of ECT is (-0.82) means
the speed of adjustment is (-0.82) which implies that around 82% deviations from
long-term equilibrium are adjusted every year.
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Coefficient of Determination
The coefficient of determination 86% indicates that 86 percent of the
dependent variable variation (Maize area) in the form of explanatory variables is
explained by the presented linear model.
The results show that we reject our null hypotheses and accept the alternate
hypotheses i.e. there has been change in area of maize due to climate change.
4.2.1.4 Discussions on the Result
The analysis based on the data from 1985 to 2015 shows a positive and
significant relationship of temperature and precipitation on wheat yield in district
Mansehra. The Mansehra district altitude is ranging from 200 meters to 4500 meters,
which rests on comparatively higher altitude than rest of the districts of Khyber
Pakhtunkhwa except Chitral. The results of this study on wheat yield are in line with
many other studies conducted on climate change impact on wheat yield at high
altitudes such as Xiao et al (2005), Hussain and Mudasser (2006), Tobey et al (1992)
and Cuculeanu, V. Adriana M. and Catalin S. (1999). Xiao et al (2005) investigated
wheat yield at high altitude using data from 1981 to 2005 and found out that yield
increased during this period bearing positive change in temperature and precipitation.
Hussain and Mudasser (2006) argued that increase in temperature would create
positive impact on crops yield such as Chitral. Tobey et al. (1992) pointed out that the
negative impacts of climate change on some regions will not damage the world
agricultural market,rather this negative impact would be counterbalanced by
agriculture yield of some other region which would experience positive impact of the
global warming of climate change. Cuculeanu, V. Adriana M. and Catalin S. (1999)
also reported that under climate change scenarios winter wheat benefits from the
interaction of double CO2 concentrations and higher temperatures.
The results of this study regarding maize area obtained from time series data
are also validated by the farmers during the field investigations. The data collected
from 151 farmers from district Mansehra was later analyzed using descriptive analysis
and Logit Model. The analysis based on farmers’ response showed an increase in the
maize area. However, they also attributed this increase towards better maize varieties
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and better agronomic practices.
The results of this study on maize yield are in line with many other studies
conducted on climate change impact on maize yield. Rashid & Rasu.,(2011) found that
rainfall and maize yield has a significant relationship.

4.3

Impact of Temperature and Precipitation on wheat and Guara
in District Lakki Marwat

4.3.1

District Lakki Marwat Wheat Yield

4.3.1.1 ADF Unit Root
ADF test was applied to check the stationarity of data. The test checked the
order of integration. ADF test includes the extra lagged length of dependent variable
to omit the autocorrelation problem in model.. The results of the ADF unit root test
are given in the following table.
Table-4.29

Results of the ADF Unit Root Test

Variable

ADF Unit Root Test

Order

T-stat

Prob. Values

Wheat Yield

-7.572137

0.0000

I(1)

Mean Temperature

-4.365865

0.0018

I(0)

Mean precipitation

-4.396578

0.0016

I(0)

Source: Current Study
The results in the above table show that data of variable ‘wheat yield’ is
stationary at first difference while data of variables ‘temperature’ and ‘precipitation’ is
stationary at level. The value of t-statistics is -7.572137 and Probability value is
0.0000. Thus p value is less than 5% which means at 5% mean variable is stationary at
level. Similarly t statistics and p values of temperature and precipitation reflect that
both variables are stationary at level.
4.3.1.2 Diagnostic test
The following diagnostic tests were performed to satisfy the assumptions like
autocorrelation and Heteroscedasticity.
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Autocorrelation
In order to know the existence of autocorrelation problem or otherwise, Brush God
fray LM test was applied. The results of the test are presented in the following table.
Table4.30

Results of Breusch Godfrey LM Test

F-statistic

0.178373

Prob. F(2,21)

0.8379

Obs*R-squared

0.484420

Prob. Chi-Sq(2)

0.7849

Source: Current Study
The above table shows that the p-values associated with test statistic is greater
than the standard significant level [i.e. 0.7849> 0.05]. Thus, Breusch’s LM test results
reveal that the data is free of autocorrelation problem i.e. there is no autocorrelation.
Heteroscedasticity
The presence of Heteroscedasticity in the data could result in biased results.
Therefore, it was important to check its presence or otherwise and test’s result are
presented in the table below.
Table-4.31

Results of Breusch-Pagan-Godfrey Test

F-stat

0.959399

Prob. F(5,23)

0.4627

Obs*R-squared

5.004603

Prob. Chi-Sq(5)

0.4153

Scaled explained SS

3.374056

Prob. Chi-Sq(5)

0.6425

Source: Current Study
The diagnostic test for Heteroscedasticity using Breusch-Pagan-Godfrey test
given in the above table shows that at 5%, p-value associated with the test statistics is
greater than the standard significance level [i.e. 0.4153> 0.05]. The results reveal that
the data is homoscedastic and there is no problem of Heteroscedasticity.
4.3.1.3 CUSM and CUSMQ Test for Stability
StabilityCheck
As shown the test result in the following figures, the parameters has remained
within its critical bounds of parameter stability at 5%.

89

Figure 4.9 CUSUM Test Result

Figure 4.10 CUSUM of Squares Test Result

Both the above figure clarify that the CUSUM as well as the CUSUMQ tests
confirm the stability of the long-run coefficients along with the short-run dynamics.
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4.3.1.4. ARDL Bounds Test
After satisfying all the necessary assumptions, the relationship between wheat
yield as a dependent variable and temperature and precipitation as independent
variables was estimated using ARDL (bounds) test. The result of the test as depicted in
following table shows long run relationship amongst the variables.
Table-4.32

ARDL Bound Test Results

Test Statistic

Value

k

F-statistic

7.181

2.000

I0 Bound

I1 Bound

10.00%

3.170

4.140

5.00%

3.790

4.850

2.50%

4.410

5.520

1.00%

5.150

6.360

Critical Value Bounds
Significance

Source: Current Study
The value of F Statistics in the above table is 7.181 which is higher than upper
boundary that shows long run relationship among the variables. We used Akike info
criterion (AIC) to select the optimal lag length of variables included in the ARDL
model. Table 5.3 presents the results of long-run relationship of the selected ARDL
model (1,2,0) using AIC.
Long Run Estimation
The long run estimation results are reflected in the following table shows that
temperature negatively and precipitation are positively related to the wheat yield in the
long run.
Table 4.33

Long Run Estimation Results ARDL (1,2,0) Model

Variable
WHEAT_TEMP
WHEAT_PRECIPIT
C
Source: Current Study

Long Run Coefficients
Coefficient Std. Error
-319.947
98.603137
9.011
6.656190
6451.003 1980.950598
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t-Statistic
-3.244800
1.353725
3.256519

Prob.
0.0036
0.1890
0.0035

The above scenario reveals that temperature is negatively and significantly
related to wheat yield in the long run. The equation shows that if 1%increase occurs in
mean temperature wheat yield will by 319.947% units and if precipitation increases by
1% the wheat yield will increase by 9.011% in the long run.
Short Run Estimation
The table given below indicates the short run relationship between wheat yield
and temperature and precipitation.
Table 4.34

Short Run Estimation Results of Cointegration Form of ARDL
(1,2,0) Model
Cointegrating Form

Variable

Coefficient

Std. Error

t-Statistic

Prob.

D(WHEAT_TEMP)

-108.772758

53.422522

-2.036084

0.0534

D(WHEAT_TEMP(-1))

72.745819

44.802318

1.623707

0.1181

D(WHEAT_PRECIPIT)

6.578420

4.309276

1.526572

0.1405

CointEq(-1)

-0.730072

0.170186

-4.289837

0.0003

Cointeq = WHEAT_YIELD_KG_HECTARES- (-319.9475*WHEAT_TEMP +
9.0106*WHEAT_PRECIPIT + 6451.0035 ) R=68%
Source: Current Study
The above table indicates the short-run relationship between Wheat yield and
temperature and precipitation. The ECT must be negative and significant. The
coefficient of ECT = -0.73 the speed of adjustment is -0.73 which implies that around
73% deviations from long-term equilibrium are adjusted every year.
The coefficient of determination 68% indicates that 68 percent of the
dependent variable variation (wheat yield) in the form of explanatory variables is
explained by the presented linear model.
The results show that we reject our null hypotheses and accept the alternate
hypotheses i.e. there has been change in yield of wheat due to climate change.
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4.4

Impact of Temperature and Precipitation on area under wheat cropADF
Unit Root
In order to check the stationarity, the data was transformed to logarithm and

then in order to determine stationarity of the data, ADF test was used. The test
checked the order of integration. The results of the ADF unit root test are given in the
following table.
Table-4.35

Results of the ADF Unit Root Test

Variable

ADF Unit Root Test

Order

T-stat

Prob. Values

Log of Wheat Area

-2.146

0.033

I(1)

Log Temperature

-4.366

0.0018

I(0)

Log precipitation

-4.267

0.0023

I(0)

Source: Current Study
ADF test is used for the data analysis to assess whether the data is stationarity
or not. The results show that Log of wheat area is stationary at first difference and log
of temperature and Log of precipitation are stationary at Level I (0). The value of
wheat area ADF t- statistics is -2.146 and probability value is 0.033. So p-value is less
than 5% showing that wheat area data is stationary. Temperature is also stationary at
level 5% and t- value of ADF test is -4.366 and p-value is 0.0018. Similarly
precipitation is stationary at level. The P value is 0.023and t- statistics value is -4.267.
The result of ADF Unit root shows that ARDL is an appropriate technique as
analytical model for the analysis.
4.4.1

Diagnostic test
The following diagnostic tests were performed to satisfy the assumptions like

autocorrelation and Heteroscedasticity.
Autocorrelation
To know the existence of autocorrelation problem or otherwise, the results of the test
applied are presented in the following table.
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Table 4.36

Results of Breusch Godfrey LM Test

F-statistic

0.642543

Prob. F(2,13)

0.5419

Obs*R-squared

2.428921

Prob. Chi-Sq(2)

0.2969

Source: Current Study
The above table shows that the p-values associated with test statistic is greater
than the standard significant level [i.e. 0.2969> 0.05]. Thus, Breusch’s LM test results
reveal that the data is free of autocorrelation problem i.e. there is no autocorrelation.
Heteroscedasticity:
The presence of Heteroscedasticity in the data could result in biased results.
Therefore, it was important to check its presence or otherwise and the results of the
test are presented in the table below.
Table-4.37

Results of Breusch-Pagan-Godfrey Test

F-stat

0.835386

Prob. F(11,15)

0.6116

Obs*R-squared

10.25702

Prob. Chi-Sq(11)

0.5074

Scaled explained SS

2.164944

Prob. Chi-Sq(11)

0.9978

The diagnostic test for Heteroscedasticity using Breusch-Pagan-Godfrey test
given in the above table shows at 5%, p-value associated with the test statistics is
greater than the standard significance level [i.e. 0.5074> 0.05]. The results reveal that
the data is homoscedastic and there is no problem of Heteroscedasticity.
Stability Check
As shown in the following figures, the stability of the parameters has remained
within its critical bounds of parameter at 5%.
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Figure 4.11 CUSUM Test Result

Figure 4.12 CUSUM S Square Test Result

Both the above figure clarify that the CUSUM as well as the CUSUMQ tests
confirm the stability of the long-run coefficients along with the short-run dynamics.
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4.4.2

ARDL (Bounds) Test
After satisfying all the necessary assumptions, the relationship between wheat

area as a dependent variable and temperature and precipitation as independent
variables was estimated using ARDL (bounds) test. The result of the test as depicted in
following table shows long run relationship amongst the variables.
Table-4.38

ARDL Bound Test Results
Test Stat

F-statistic

Value

k

9.596

2.000

Critical Value Bounds
Significance

I0 Bound

I1 Bound

10.00%

4.190

5.060

5.00%

4.870

5.850

2.50%

5.790

6.590

1.00%

6.340

7.520

Source: Current Study
The value of F Statistics in the above table is 8.46 which is higher than upper
boundary that shows long run relationship among the variables.
We used Akike info criterion (AIC) to select the optimal lag length of variables
included in the ARDL model. Table presents the results of long-run relationship of the
selected ARDL model (4,3,1) using AIC.
Long run Estimation Result
The long run estimation results are reflected in the following table which
shows that both temperature and precipitation are negatively and significantly related
to the wheat area in the long run.
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Table-4.39

Long Run Estimation Results ARDL(4,3,1)

Variable

Coefficient

Std. Error

t-Statistic

Prob.

LWHEAT_PRECIPIT

-0.474

0.152320

-3.109851

0.0072

LWHEAT_TEMP

-8.886

1.973238

-4.503017

0.0004

C

39.213

5.963602

6.575301

0.0000

@TREND

-0.0699

0.004231

-16.532630

0.0000

WHEAT_AREA=-0.0699-0.474LWHEAT_PRECIPITATION-8.886LWHEAT_TEMPERATURE

Source: Current Study
The above scenario reveals that both temperature and precipitation are
negativelyand significantly related to the wheat area under cultivation in the long run
in Lakki Marwat. At 1% increase in precipitation will decrease wheat area under
cultivation will decrease area by 0.474% respectively. If temperature increases by 1%
the wheat area under cultivation willdecreases by 8.886% in the long run.
Short Run Estimation
The table given below indicates the short run relationship between wheat area
and temperature and precipitation.
Table-4.40

Short Run Estimation Results of Cointegration Form
Cointegrating Form
Coefficient

Std. Error

t-Statistic

Prob.

D(LWHEAT_AREA(-1))

-0.025101

0.177784

-0.141191

0.8896

D(LWHEAT_AREA(-2))

-0.407008

0.162172

-2.509728

0.0240

D(LWHEAT_AREA(-3))

0.344596

0.162911

2.115237

0.0516

D(LWHEAT_PRECIPIT)

-0.088576

0.095293

-0.929510

0.3673

D(LWHEAT_TEMP)

-1.231446

0.891444

-1.381405

0.1874

D(LWHEAT_TEMP(-1))

2.902514

0.756250

3.838036

0.0016

D(LWHEAT_TEMP(-2))

-1.013343

0.756655

-1.339241

0.2004

D(@TREND())

-0.054023

0.009595

-5.630600

0.0000

Variable

ECT(-1)

-0.772370
0.146640
-5.267120
0.0001
Cointeq
=
LWHEAT_AREA
(-0.4737*LWHEAT_PRECIPIT
-8.8855
*LWHEAT_TEMP + 39.2125 -0.0699*@TREND )
Source: Current Study
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In the above estimation, the sign and value of ECT must be negative and
significant respectively. The coefficient of ECT is (-0.77) means the speed of
adjustment is (-0.77) which implies that around 77% deviations from long-term
equilibrium are adjusted every year.
The coefficient of determination 97% indicates that 97 percent of the
dependent variable variation Wheat Area Under cultivation in the form of explanatory
variables is explained by the presented linear models.
The results show that we reject our null hypotheses and accept the alternate
hypotheses i.e. there has been change in area under wheat due to climate change.

4.5

Impact of Temperature and Precipitation on Yield of Guara
ADF Unit Root
The econometric analysis of time series data, it is necessary that the data

should be stationery. To check it, the ADF test was used. The test checked the order of
integration and ARDL model was justified. The results of the ADF unit root test are
given in the following table:
Table-4.41

Results of the ADF Unit Root Test

Variable

ADF Unit Root Test

Order

T-stat

Prob. Values

Guara Yield

-6.1265

0.0000

I(1)

Mean Temperature

-3.763

0.0080

I(0)

Mean precipitation

-4.6446

0.0008

I(0)

Source: Current Study
The results show variables Guara yield stationary at first difference, while
temperature and precipitation stationary at level. The value of Guara yield ADF tstatistics is -6.1265 and Probability value is 0.0016. So p-value is less than 5% so at
5% we accept that data is stationary . Temperature is stationary at level. At 5% t-value
of ADF test is -3.764 and p-value is 0.0080. Similarly precipitation is stationary at
level. The p value is 0.0008 and t-statistics value is -4.645.
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4.5.1

Diagnostic test
The following diagnostic tests were performed to satisfy the assumptions like

autocorrelation and Heteroscedasticity.
Autocorrelation
To know the existence of autocorrelation problem or otherwise, relevant test was
applied andthe results are presented in the following table.
Table-4.42

Results of Breusch Godfrey LM Test

F-stat

0.065393

Prob. F(2,23)

0.9369

Obs*R-squared

0.169626

Prob. Chi-Sq(2)

0.9187

Source: Current Study
The above table shows that the p-values associated with test statistic is greater
than the standard significant level [i.e. 0.9187> 0.05]. Thus, Breusch’s LM test results
reveal that the data is free of autocorrelation problem i.e. there is no autocorrelation.
Heteroscedasticity:
The presence of Heteroscedasticity in the data could result in biased results.
Therefore, it was important to check its presence or otherwise and results of the test
are presented in the table below.
Table-4.43

Results of Breusch-Pagan-Godfrey test

F-stat

2.348078

Prob. F(4,25)

0.0819

Obs*R-squared

8.192801

Prob. Chi-Square(4)

0.0848

Scaled explained SS

7.240779

Prob. Chi-Square(4)

0.1237

Source: Current Study
The diagnostic test for Heteroscedasticity using Breusch-Pagan-Godfrey test
given in the above table shows that at 5%, p-value associated with the test statistics is
greater than the standard significance level [i.e. 0.0848> 0.05]. The results reveal that
the data is homoscedastic and there is no problem of Heteroscedasticity.
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Stability Check
As shown in the following figures, the plot of both residual are within the
boundaries. Thus the stability of the parameters are within its critical bounds of
parameter stability at 5%.
Figure 4.13 CUSUM Test Result

Figure 4.14 CUSUM of Square Test Result

Both the above figure clarify that the CUSUM as well as the CUSUMQ tests
confirm the stability of the long-run coefficients along with the short-run dynamics.
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4.5.2

ARDL (Bounds) Test
After satisfying all the necessary assumptions, the relationship between guara

yield as a dependent variable and temperature and precipitation as independent
variables was estimated using ARDL (bounds) test. The result of the test as depicted in
following table shows long run relationship amongst the variables.
Table-4.44

ARDL Bound Test Results
Test Stat

Value

K

F-stat

6.517

2.000

Critical Value Bounds
Significance

I0 Bound

I1 Bound

10.00%

3.170

4.140

5.00%

3.790

4.850

2.50%

4.410

5.520

1.00%
Source: Current Study

5.150

6.360

The value of F Statistics in the above table is 8.46 which is higher than upper
boundary that shows long run relationship among the variables.
We used Akike info criterion (AIC) to select the optimal lag length of variables
included in the ARDL model. Table presents the results of long-run relationship of the
selected ARDL model (1, 1, 0) using AIC.
Long Run Estimation
The long run estimation results are reflected in the following table which
shows that both temperature and precipitation are positively related to the guara yield
in the long run.
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Table-4.45

Long Run Estimation Results ARDL (1,1,0)

Variable

Coefficient

Std. Error

t-Statistic

Prob.

GUARA_TEMP

105.181

114.817943

0.916064

0.3684

GUARA_PRECIPI

3.909

3.312422

1.179962

0.2491

C

-2233.039

3250.963182

-0.686885

0.4985

GUARA_YIELD=-2233.039+105.181GUARA_TEMPERATURE+3.909GUARA_PRECIPITATION

Source: Current Study
The above scenario reveals that both mean temperature and precipitation are
insignificantly related to the guara yield in the long run in Lakki Marwat. At 1%
increase in precipitation, guara yield increases by 3.909% and 1% increase in
temperature guara yield increases by 105.181% in the long run.
Short Run Estimation
The table given below indicates the short run relationship between Guara yield
and temperature and precipitation.
Table-4.46

Short Run Estimation Results of Cointegration Form

Variable

Coefficient

Std. Error

t-Statistic

Prob.

D(GUARA_TEMP)

-55.110369

57.048652

-0.966024

0.3433

D(GUARA_PRECIPI)

2.637924

2.001936

1.317687

0.1996

CointEq(-1)

-0.674914

0.175624

-3.842949

0.0007

Cointeq = GUARA_YIELD_KG_HECTARES - (105.1806*GUARA_TEMP +
3.9085*GUARA_PRECIPI -2233.0385 )
Source: Current Study
In the above estimation, the sign and value of ECT must be negative and
significant respectively. The coefficient of ECT is (-0.67) means the speed of
adjustment is (-0.67) which implies that around 67% deviations from long-term
equilibrium are adjusted every year. The coefficient of determination 25% indicates
that 25 percent of the dependent variable variation (Guara yield) in the form of
explanatory variables is explained by the independent variables.
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The results show that we reject our null hypotheses and accept the alternate
hypotheses i.e. there has been change in yield of guara due to climate change.

4.6

Impact of temperature and precipitation on area under guara
Crop ADF Unit Root
The econometric analysis of time series data, it is necessary that the data

should be stationery. For this purpose, ADF test was used that includes the extra
lagged length of dependent variable to omit the autocorrelation problem in model. The
results of the ADF unit root test are given in the following table.
Table-4.47

Results of the ADF Unit Root Test

Variable

Guara Area
Mean
Temperature
Mean
precipitation
Source: Current Study

ADF Unit Root Test

order

T-stat

Prob. Values

-8.0709

0.0000

I(1)

-3.764

0.0080

I(0)

-4.645

0.0008

I(0)

The results in the above table show that data of variable ‘Guara area’ is
stationary at first difference while data of variables ‘temperature’ and ‘precipitation’ is
stationary at level. The value of t-statistics is -8.0709 and Probability value is 0.0011.
Thus p value is less than 5% which means at 5% mean variable is stationary at level.
Similarly t statistics and p values of temperature and precipitation reflects that both
variables are stationary at level.
4.6.1

Diagnostic test
The following diagnostic tests were performed to satisfy the assumptions like

autocorrelation and Heteroscedasticity.
Autocorrelation:
To know the existence of autocorrelation problem or otherwise, testapplied has given
the following results.
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Table-4.48

Results of Breusch Godfrey LM Test

F-stat

0.294445

Prob. F(2,11)

0.7506

Obs*R-squared

1.372006

Prob. Chi-Sq(2)

0.5036

Source: Current Study
The above table shows that the p-values associated with test statistic is greater
than the standard significant level [i.e. 0.5036> 0.05]. Thus, Breusch’s LM test results
reveal that the data is free of autocorrelation problem i.e. there is no autocorrelation.
Heteroscedasticity:
The presence of Heteroscedasticity in the data could result in biased results.
Therefore, it was important to check its presence or otherwise. For this purpose,
Breusch-Pagan-Godfrey test was used and results are presented in the table below.
Table-4.49

Results of Breusch-Pagan-Godfrey test

F-stat

0.526437

Prob. F(13,13)

0.8698

Obs*R-squared

9.311754

Prob. Chi-Sq(13)

0.7490

Scaled explained SS

3.043896

Prob. Chi-Sq(13)

0.9978

Source: Current Study
The diagnostic test for Heteroscedasticity using Breusch-Pagan-Godfrey test
given in the above table shows at 5%, p-value associated with the test statistics is
greater than the standard significance level [i.e. 0.7490> 0.05]. The results reveal that
the data is homoscedastic and there is no problem of Heteroscedasticity.
Stability Check:
As shown in the following figures, the plot of both the CUSUM and the CUSUMQ
residual are within the boundaries at 5%.
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Figure 4.15 CUSUM Test Result

Figure 4.16 CUSUM of Square Test Result

Both the above figure clarify that the CUSUM as well as the CUSUMQ
confirm the stability of the long-run coefficients along with the short-run dynamics.
4.6.2

ARDL (Bounds) Test
After satisfying all the necessary assumptions, the relationship between Guara

area as a dependent variable and temperature and precipitation as independent
variables was estimated using ARDL (bounds) test. The result of the test as depicted in
following table shows long run relationship amongst the variables.
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Table-4.50

ARDL Bound Test Results

Test Statistic

Value

k

F-statistic

22.005

2.000

Critical Value Bounds
Significance

I0 Bound

I1 Bound

10.00%

4.190

5.060

5.00%

4.870

5.850

2.50%

5.790

6.590

1.00%

6.340

7.520

Source: Current Study
The value of F Statistics in the above table is 8.46 which is higher than upper
boundary that shows long run relationship among the variables. We used Akike info
criterion (AIC) to select the optimal lag length of variables included in the ARDL
model. Table presents the results of long-run relationship of the selected ARDL model
(2,4,4) using AIC.
Long Run Estimation
The long run estimation results are reflected in the following table which
shows that both temperature and precipitation are positively and significantly related
to the guara area in the long run.
Table-4.51

Long Run Estimation Results ARDL(2,4,4)

Variable

Coefficient

Std. Error

t-Statistic

Prob.

GUARA_PRECIPI

29.537

12.156687

2.429688

0.0303

GUARA_TEMP

860.317

286.854414

2.999140

0.0103

-20694.434

8129.014257

-2.545749

0.0244

-162.388

9.278970

-17.500701

0.0000

C
@TREND

GUARA_AREA=-20694+29.537GUARA_MEAN_PRECIPITATION+860.317GUARA_TEMPERATURE

Source: Current Study
In the above scenario reveals that temperature and precipitation are positively
and significantly related to guara area in the long run. The equation shows that
1%increase occur in precipitation guara area under cultivation will increase by
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29.537%and if temperature increase by 1 unit the guara area under cultivation will
increase by 860.317% in the long run.
Short Run Estimation
The table given below indicates the short run relationship between guara area
and temperature and precipitation.
Table-4.52

Short Run Estimation Results of Cointegration Form

Variable

Coefficient

Std. Error

D(GUARA_AREA(-1))

0.534004

0.140685

3.795750

0.0022

D(GUARA_PRECIPI)

4.131226

8.074182

0.511659

0.6175

D(GUARA_PRECIPI(-1))

-6.686869

8.597229

-0.777793

0.4506

D(GUARA_PRECIPI(-2))

-4.561695

8.533182

-0.534583

0.6020

D(GUARA_PRECIPI(-3))

-15.526587

8.834315

-1.757531

0.1023

D(GUARA_TEMP)

-138.465103

243.927491

-0.567649

0.5799

D(GUARA_TEMP(-1))

-335.463888

286.250444

-1.171924

0.2623

D(GUARA_TEMP(-2))

-287.541283

263.381925

-1.091727

0.2948

D(GUARA_TEMP(-3))

-379.726874

240.411020

-1.579490

0.1382

D(@TREND())

-269.462617

36.092661

-7.465856

0.0000

-0.87623

0.206893

-8.020439

0.0000

CointEq(-1)

t-Statistic

Prob.

Cointeq = GUARA_AREA - (29.5370*GUARA_PRECIPI + 860.3167
*GUARA_TEMP -20694.4335 -162.3885*@TREND )

Source: Current Study
Above table indicates the short run relationship between guara area and
temperature and precipitation. In the above estimation, the sign and value of ECT
must be negative and significant respectively. The coefficient of ECT = -0.88 the
speed of adjustment is -0.88 which implies that around 88% deviations from long-term
equilibrium are adjusted every year.
The coefficient of determination 96% indicates that 96 percent of the
dependent variable variation in guara area under cultivationis explained by the
explanatory variables included in the linear model.

Guara is a crop that is considered to be adapted to variable and extreme
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climatic conditions and therefore cultivated in areas facing higher temperature. The
results revealed the same and supported by some other studies such as Korres (2016)
arguing result of the research stated that to offset the effects of climate change,
option of crop cultivars should be exercised which are adapted to highly variable and
extreme climatic conditions.
The results show that we reject our null hypotheses and accept the alternate
hypotheses i.e. there has been change in area under guara due to climate change.

4.7

Discussion
The wheat crop productivity results estimated in case of district Lakki Marwat,

are in line with a number of studies conducted in different regions of the world located
at low altitude from sea level. A few of such studies are referred here. Xiao et al
(2005) reported that after 1998 the wheat yield at low altitude was at decreasing trend.
The results of Lakki Marwat district being at lower altitude show similar result as
negative relationship between yield and temperature shows same result. Paul Winters
et al (1996) while analyzing impact of global warming argued that Africa would suffer
most due to negative effects of global warming on agriculture productivity. Gbetibouo
G.A. and R. M. Hassan (2004) also stated that South African region would have
damaging effect on wheat yield due to temperature increase in future. Wolf at al.
(2005) while comparing five wheat models at different level of agronomic conditions
concluded that all models showed reduction in yield due to temperature increase but
positive impact of increased level of precipitation on wheat yield. The results of Wolf
at el. are same as results of this study pertaining to wheat in district Lakki Marwat,
Anwar et al (2007) using CSIRO model concluded reduction in the yield of wheat by
29% due to increase in temperature. Zhai and Zhuang (2009) investigated climate
change impacts on south east Asia using CGE model and concluded that 36.3% fall in
wheat productivity in the region. The results of all above studies suggest that estimates
derived in the instant study are purposeful and add to the existing knowledge about
impact of climate change on agriculture.

4.8

Results of FGDs and KIIs
In each of the 10 villages selected for this research study one FGD and 2 to 3
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KIIs were conducted. KIIs were also conducted with the officers of Agriculture
Extension

Department,

District

Disaster

Management

Unit,

Planning

and

Development Unit and local NGOs at both the districts. The discussions revealed that
now farmers are becoming aware of climate change due to irregularity in the rains,
higher intensity rains whenever it rains, frequent and longer spells of droughts, cold
and heat waves. All these occurrences are affecting agricultural production system in
rainfed areas. In the district Mansehra, opportunities are appearing from extended
warm season whereas in district Lakki Marwat warming is resulting in water stress in
the already water scarce area putting productivity loss to agricultural crops. Although,
farmers are trying some localized adaptation measures but need government support
for awareness and more beneficial adaptation measures based on global experiences
modified to suit local conditions.
On the government front, there seems poor climate change related
development planning embedded in the provincial development plans. Lately the
government has formulated climate change policy but its implementation status is not
encouraging. Capacity of relevant departments to embark upon climate change related
mitigation (actions to limit the magnitude and/or rate of long-term climate change)
and adaptation measures and training of farmers is very limited. The results of FGDs
and KIIs mostly validate the results estimated through econometric modeling using
primary and secondary data.
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V.

5.1

Summary

5.1.1

Introduction

SUMMARY, CONCLUSION AND
RECOMMENDATIONS

One of the most complex problems faced by the world today is climate change.
Agriculture in many ways is affected by climate change and has impact for
productivity of crops. Being an agricultural based economy, Pakistan is under
immediate risk because of global climatic variability. The country ranked 12th
amongst the most vulnerable states and expected to have brunt of the climatic change
related challenges. Agriculture is an important source of livelihood for the rural
communities of rainfed areas. More than 80% of the 35.6 million people of Khyber
Pakhtunkhwa (KP) are living in rural areas and depend on agriculture. Out of 1.621
million hectares cultivated area of KP, 47% is rain-fed. The food availability for such
areas is mainly dependent on agricultural productivity which is further dependent on
timely rainfall and temperature that has now been affected by climate change. Issues
on climate change are only marginally entering into the development planning in the
Khyber Pakhtunkhwa and societal resilience so far is not improving. Most of the
climate change research studies have been carried out internationally but it remained a
poorly investigated area in Khyber Pakhtunkhwa. Keeping in view the importance of
the issue and to fill research gap current study has been designed to investigate
agricultural producer’s perceptions about of change in climate, adaptation measures by
them if any and the potential impacts of change in climate on farm productivity.
5.1.2

Selection of Crops
In this research study two major crops have been selected from each district

under study. The one is wheat that occupies more than 80% area under winter
cropping pattern of both the selected districts i.e. Mansehra and Lakki Marwat. While
maize and guara both major crops of summer have been selected from Mansehra and
Lakki respectively. Out of total 0.037374 million hectares area of wheat, 89% is
rainfed in Mansehra while out of 0.017490 million hectares, 72% wheat area is rainfed
in Lakki Marwat district. The same percentage for maize and guara is 89% and 81%
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respectively for Mansehra and Lakki districts.
5.1.3

Methodology
In order to collect and analyze the data, a combination of multi-stage sampling

and simple random sampling have been used to select five Union Councils (UCs), one
village council from each UC and one village from each village council. The selection
of UCs, village councils and villages was purposely and entirely on rainfed cultivated
area basis. Out of 1131 households (HHs) in the selected villages, 331 HHs
heads/elders selected through random sampling process were interviewed. All such
farmers are cultivating lands. The farmers interviewed were 29% of the total HH of
each village. Besides individual interviews, Focus Group Discussions (FDGs) were
also held to validate the result of the individual interviews. The secondary data, spread
over 30 years from 1984 to 2013 pertaining to temperature, precipitation, area under
cultivation and yield of crops of the two districts selected for this research study.
Keeping in view the objectives and data used, the analytical models used for the study
included; Logit Model along with Chi-square test for Perception and Adaptation and
ARDL Model for impact of rainfall and temperature on yield and area of selected
crops. Diagnostic tools such as ADF Unit Root Test, Autocorrelation Test - Brush
Godfrey LM Test, Heteroscedasticity Test - Breusch-Pagan-Godfrey Test and Stability
check Test - CUSUM Test & CUSUMSQ were used to satisfy various assumptions
and to ensure that the results of the analytical model are without any bias Test.
5.1.4

Results
The results of the study are summarized below.
Farmers’ Climate Change Perception: In order to investigate the effect of

different factors on the perception of farmers about the climate change, Logistic
Regression was applied and the results show that age of farmers, farming experience
and education level of the farmers are positively and significantly, except education,
associated with perception suggesting that more is the age, more are the chances of
having climate change perception, greater is the farming experience have greater
understanding about climate change and more is the education of farmers more is the
perception of farmers regarding climate change perception. However, size of HH,
farming types and area under cultivation are negatively associated. The negative
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association is significant for HH size suggesting that if members of HH are more they
can diversify their livelihood sources to cater impact of climate change. Whereas
association is insignificant in respect of farming types and area under cultivation. The
results regarding association of farmer's perception about climate change with other
different variables/factors indicate that size of household, farming experience,
education level, farm types, size of cultivated area showed significant association with
the perception of farmers regarding climate change.
Farmers’ Adaptation Measures to Climate Change: The adaptation
measures and their affect was investigated using Logit Regression method. The
coefficient of age of farmers, practicing mulching and farming experience are
positively and significant associated with adaptation suggesting that one year increase
in age, per hectare of mulching and year of experience increases the adaptation
prospects of the farmers by about 1.150 times, 6.318 times and 21.160 times
respectively. The coefficient of HH size, cropping dates, crops varieties and education
level are also positively associated with adaptation measures but insignificantly. The
coefficient of intercropping and farm types is negatively and significantly associated
with adaptation measures taken by the farmers suggesting that those farmers already
practicing intercropping or mono cropping are not adopting any additional measures
to combat impact of climate change. The association of farmer’s perception about
climate adaptation estimated through chi square test reveal positive and significant
with variables size of household, farming experience, education level and size of
cultivated land however this association was insignificant in respect of farming types.
Data on climate and farmers’ perception show that farmers are aware of
climate change challenges. Most of the farmers noticed changes in climate. Most
farmers demonstrated some adaptation measures which are mainly influenced by
climate change perceptions.
Impact of Temperature and Precipitation on Yield and Area of selected
Crops: The results pertaining to impact of temperature and precipitation on yield and
area of wheat, maize and guara for respective districts is narrated below.
Wheat Yield in District Mansehra: After satisfying all the necessary
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assumptions, the relationship between wheat yield as a dependent variable and
temperature and precipitation as independent variables was estimated using ARDL
(bounds) test. The value of F Statistics shows long run relationship among the
variables. The Akike Info Criterion (AIC) was used to select the optimal lag length of
variables and showed that both temperature and precipitation are positively and
significantly related to the wheat yield in the long run. The results reveal that if 1%
change occur in precipitation wheat yield will increase by 1.583% and if temperature
increases by 1% the wheat yield will increase by 3.714% in the long run. For the short
run relationship, the coefficient of ECT is (-1.00) which implies that around 100%
deviations from long-term equilibrium are adjusted every year. The R2 is 84,
indicating that 84% of the dependent variable’s variation i.e. wheat yield is explained
by the explanatory variables. In view of the results obtained, we reject null hypothesis
and accept alternate hypothesis about having an association between climate change
and wheat yield.
Wheat area in District Mansehra: The ARDL (Bound test) shows long-run
relationship among the variables based on F Statistics value. The ECT is negative and
significant showing long run relationship. AIC results shows that both temperature
and precipitation are positively but in-significantly related to the area under wheat in
the long run. The result shows that 1 percent increase in precipitation will increase
104.962% increase in area and if temperature increases by 1%, wheat area under
cultivation will increase by 317.849% in the long run. The short run relationship
between wheat area and temperature and precipitation shows that ECT is (-0.49)
which implies that around 49% deviations from long-term equilibrium are adjusted
every year. The R2 is 24 indicating that 24% of the dependent variable’s variation i.e.
wheat area is explained by the explanatory variables. In view of the above results, we
reject of null hypothesis and accept alternate hypothesis about having an association
between climate change and wheat area under cultivation.
Maize Yield in District Mansehra: The value of F Statistics shows long run
relationship among the variables. Both temperature and precipitation are positively
and significantly related to the maize yield in the long run. It shows that if 1% change
occur in precipitation maize yield will increase by 1.422% and if temperature changes
by 1% the maize yield will increase by 6.580% at 1% level of significance in the long
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run. The coefficient of ECT is (-0.64) means that around 64% deviations from
long-term equilibrium are adjusted every year. R2 is 44 that mean that 44 percent of
the dependent variable variation (Maize Yield) is explained by explanatory variables.
In view of the estimated results, we reject null hypothesis and accept alternate
hypothesis regarding an association between climate change and maize yield.
Maize area in District Mansehra: According to the result of the F Statistics
there exists a long run relationship among the variables. The AIC result presents
long-run relationship amongst the variables and reveals that temperature is positively
and significantly related in the long run whereas precipitation is positively but
insignificantly related to maize area under cultivation in the long run. To test short run
scenario, the coefficient of ECT is (-0.82) which implies that around 82% deviations
from long-term equilibrium are adjusted every year. The R2 is 86% indicating that 86
percent of the dependent variable variation (Maize area) in the form of explanatory
variables. In view of the results obtained, we reject of null hypothesis and accept
alternate hypothesis about having an association between climate change and maize
area.
Wheat Yield in District Lakki Marwat: The value of F Statistics shows long
run relationship among the variables. The AIC result shows that temperature
negatively and significantly related to wheat yield in the long run showing that if 1%
increase occurs in mean temperature wheat yield will decrease by 319.947% while
precipitation is positively and significantly associated with wheat yield suggesting that
if precipitation increases by 1% the wheat yield will increase by 9.011% in the long
run. Regarding short run relationship the coefficient of ECT is (-0.73) that implies that
around 73% deviations from long-term equilibrium are adjusted every year. The R2 is
68% indicating that 68 percent of the dependent variable variation (wheat yield) is
explained by explanatory variables in the model. In light of the estimated results, we
reject of null hypothesis and accept alternate hypothesis about having an association
between climate change and wheat yield.
Wheat Area in District Lakki Marwat: The value of F Statistics shows long
run relationship among the variables but both temperature and precipitation are
negatively and significantly related to the wheat area in the long run in Lakki Marwat.
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A 1% increase in precipitation will decrease wheat area under cultivation by 0.474%.
If temperature increases by 1% the wheat area under cultivation will decreases by
8.886% in the long run. Regarding short run relationship, the sign and value of ECT is
(-0.77) meaning that around 77% deviations from long-term equilibrium are adjusted
every year. The coefficient of determination is 97% indicates that 97 percent of the
dependent variable variation wheat area under cultivation is explained by explanatory
variables presented linear models. In view of the results obtained, we reject of null
hypothesis and accept alternate hypothesis about having an association between
climate change and wheat area.
Guara Yield in District Lakki Marwat: The result based on F Statistics
shows long run relationship amongst the variables. The AIC result shows that both
temperature and precipitation are positively but insignificantly related to the guara
yield in the long run. The short run relationship between Guara yield and temperature
and precipitation derived shows that the coefficient of ECT is (-0.67) which implies
that around 67% deviations from long-term equilibrium are adjusted every year. The
coefficient of determination is 25% indicating that 25 percent of the dependent
variable variation (Guara yield) in the form of explanatory variables is explained by
the independent variables. The estimated results suggest to reject the null hypothesis
and accept alternate hypothesis about having an association between climate change
and guara yield.
Guara Area in District Lakki Marwat: The value of F Statistics shows long
run relationship among the variables for both temperature and precipitation which are
positively and significantly related to the guara area in the long run. The equation
shows that if 1% increase occur in precipitation guara area under cultivation will
increase by 29.537% and if temperature increase by 1% the guara area under
cultivation will increase by 860.317% in the long run. Short run estimation shows that
the coefficient of ECT is (-0.88) implying that around 88% deviations from long-term
equilibrium are adjusted every year. The coefficient of determination 96% indicates
that 96 percent of the dependent variable variation in guara area under cultivation is
explained by the explanatory variables included in the linear model. In view of the
results obtained, we reject of null hypothesis and accept alternate hypothesis about
having an association between climate change and guara area.
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5.2

Conclusion
Out of 1.621 million hectares cultivated area of KP, 47% is rain-fed. The food

availability for such areas is mainly dependent on agricultural productivity which is
further dependent on timely rainfall and temperature that has now been affected by
climate change. In order to investigate the farmers’ understanding about climate
change, their response to address challenges of climate change and impact of over 30
years precipitation and temperature trends on productivity and area under target crops.
The results show that more the age of farmers and more the farming experience; more
is the understanding about climate change. Regarding adaptation measures, it has been
found that aged farmers with great farming experience are taking adaptation measures
such as mulching, adjustment of cropping date and use of appropriate crops varieties.
Over the years temperature shows positive impact on wheat productivity in case of
Mansehra (higher altitude) but negative in Lakki Marwat (lower altitude) however
precipitation has positive impact on wheat productivity in both the districts. Regarding
wheat area; both temperature and precipitation have positive impact though
statistically insignificant in case of Mansehra but negative impact in case of Lakki
Marwat. Both temperature and precipitation showed positive impact on maize yield
and area in Mansehra. Similarly, temperature and precipitation had positive impact on
guara yield and area in Lakki Marwat.

5.3

Recommendations
Based on objectives of the research study and field findings detailed in

foregoing chapters, the following recommendations are offered to address changing
scenario under changing climate.
1. Substantial drive regarding reality of happening of climate change and
consequences of these changes on agriculture and livelihood in the rainfed areas is
strongly recommended to make the farmers aware of the challenges and
opportunities emerging from climatic changes.
2. Government should formulate policies with the objective to promote adaptation
measures at farm level including early warning systems, identification and
provision of adaptation measures specific to local context in the rainfed areas.
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3. Enhancing farmers’ adaptive capacity in the rainfed areas is of utmost importance
to strengthen local resilience along with reducing climate change related
vulnerability. This could be made effective only if such policies are embedded in
the development plans of relevant departments as a regular feature of their
working.
4. Making temperature, precipitation and other related meteorological information
and alerts available to farmers in a form that is understandable by the farmers.
5. Government should workout with public and private research organizations to
design research plans for rainfed areas aiming at evolving crops varieties which
offer high yields along with suitability to changing climatic scenarios such as heat
and cold resistance, short duration maturity, needing less, etc.
6. The yield and area related results are based on available data and result did not
estimate extent or range of temperature and precipitation within which current
results will continue. Therefore, further research is required to estimate range of
temperature and precipitation within which crops under study perform better.
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Annexure-1:
Profile of the Districts under Study
This study has selected two districts of Khyber Pakhtunkhwa for collecting the
data and its analysis. These include districts of Manshera and Lakki Marwat being
barani areas and both are highly prone to climatic changes with respect to their
agriculture and livelihoods. The geographical positioning as well as brief profile of
these districts is given as under:

Geographical Positioning of Khyber Pakhtunkhwa Province

Source: Government of Khyber Pakhtunkhwa, Pakistan

1. District Profile of Manshera
Landscape and Physical Features of the Area
District Mansehra is located in the North Eastern part of Khyber Pakhtunkhwa with
4,579 sq km of area. Its elevation is 975.36 m The district consists of tehsil Balakot,
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Mansehra and Oghi, three in total. (ERRA 2007). To its north are the districts of
Battagram and Kohistan, while district Abbottabad in towards south and city of
Muzaffarabad towards its east. Towards its west are two districts namely Buner and
Shangla.
The district is mainly mountainous, with an altitude ranging from 200 meters
in the south upto more than 4,500 meters in the north. The well-known Babosar pass is
located on the northeastern border of the district. The winter climate is cold and the
summer climate is pleasant. In the Kaghan Valley which is situated in the northern, the
conditions of in summer are cool whereas in the season of winter extremely cold and
during this period there is snow fall of heavy magnitude.

Map of District Mansehra
Source: Government of Khyber Pakhtunkhwa, Pakistan
Summer and winter are dominant seasons of the district. The summer season
spread over April to September, while that of winter from October to March. The
temperature remains from 21° C to 35° C in summer, while 2° C to 14° C in winter.
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Similarly district is having 2 farming spells. The summer season starts from
May and ends in September. Seasonal vegetables, rice and maize are the main crops of
this season. The other is winter season locally called as Rabi season. The winter
growing season starts from October and ends in March. Important winter season crops
are wheat, seasonal vegetables and peas. The soil and weather conditions are favorable
for production of fruits and vegetables.
Two rivers, the Siran and Kunhar, are passing through the area. The Siran river
irrigates most of the land through the Pakhal Valley. The Kunar River starts from
Saiful-Muluk Lake and goes to Balakot and Garhi Habibullah, and from there it enters
Muzaffarabad
Demographic Features
As per 2017 Census, Mansehra possesses 1.565 million human population. The
population is growing at an annual 2.4% rate. The average size of the family in the
district is 6.7 persons. 94.7% are living in rural areas. The literacy is 36.3%, however,
male literacy rate is better, i.e. 50.9%, while the female literacy rate of 22.7%.
Economic Scenario of the district
Economic dependence of the district is based on natural resources, agriculture,
mining, poultry and tourism. Although there is higher population growth rate but land
fertility is greater which provides opportunity for increased productivity. Although the
population growth rate is high in the district, however, due to high fertility of land
help the people with an excellent opportunity to earn and meet their daily needs.
Therefore there is intensive cultivation of agriculture land. The population with no
land or with small land holding use alternate sources of income generation such as
cottage industry.
Livestock is reared mainly for milk and meat. A number of commercial
poultry farms in district are source of employment besides providing chicken meat to
the markets in Mansehra and other districts. Natural resources of the district also
include mineral and mining of many minerals is carried out in the district. Roads and
telecommunication infrastructure in the district is available to great majority of the
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population.
Mansehra district is an important tourist place. Elegant valleys, historical lakes
and celebrated hill stations of the district are scenic points. Tourism is also a source of
income for many inhabitants of the district and plays an important role in hoteling and
transport business.

Economic Potential
Agriculture
The district is mainly mountainous, however about 25% area consists of plains.
The plains with irrigation water availability are fertile and productivity of crops is
much better compared to other regions. Main winter/Rabi crop is wheat while maize
and rice are dominant crops of summer/kharif season. Barley, potatoes, sugarcane and
onion are also cultivated. Tobacco is an important cash crop cultivated on limited area.
The district pays special attention to agricultural research. Potato being an
important crop is supported through a research center at Batakundi near Kaghan. Tea
crops are another potential of the district.
Horticulture
The climatic conditions of the district are suitable for cultivation of fruits and
vegetables. Important vegetables grown are carrot, cabbage, reddish while important
fruits of the district are plums, peaches, citrus, pears, loquat, apple, walnut, banana,
persimmon and apricot.
Forestry
The district is rich in forests compared to other districts. These forests also
possess a variety of medicinal plants.

Industry
The district is not good from industrial aspect. Back in 1986, a small industrial
estate was established on 20 acres land costing Rs.6.177 million. Currently only 25
industrial units are operational that manufacture furniture, soap, ice, plastic shoe,
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flour, etc.
Statistics of the Area
Following is the land use statistics of the two districts viz. Mansehra and Lakki
Marwat:
Table-1
District

Land Use Statistics of Districts under study (In Hectares)
Reported

Cultivated

Cropped

Area
Uncultivated

439423

80747

102746

358676

17702

332252

8722

314973

116900

37508

198073

85910

0

112163

Mansehra
Lakki
Marwat

Table-2

Forest

N.A. for
Cultivation

Land Use Statistics of District Mansehra (In Hectares)

Cultivated Area

80747

Cultivable
Waste

Irrigated

Rainfed

Area

Area

16613

64134

Source: Source: Crop Statistics (2016-17).
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Total

Irrigated %

Rainfed%

80747

20.57

79.43

Table-3

Area wise and Production wise major crops of District Mansehra
Area (In Hectares)

Crops

Prod (In Tonnes)

% age of
Un-irrigat
Total Un-irrigat Irrigated
ed
ed area

% age
of
Un-irrig
ated
area

Irrigated

Un-irrigat
ed

Maize (K)
Rice (K)

6125
1611

51831
-

57956
1611

89.43
-

16553
4163

89576
-

Mash (K)

2

17

19

89.47

2

12

14

85.71

Kharif
Vegetables

-

-

901

0.00

-

-

4761

-

-

-

1139

0.00

-

-

7417

-

-

-

95

0.00

-

-

2078

-

2

5

7

71.43

48

119

167

71.26

Wheat (R)

4043

33331

37374

89.18

11708

91774

Barley (R)
Rape &
Mustard
(R)
Masoor (R)

20

188

208

90.38

24

207

231

89.61

15

98

113

86.73

13

65

78

83.33

-

15

15

100.00

-

7

7

100.00

Matter (R)

36

105

141

74.47

20

50

70

71.43

Onion (R)

56

110

166

66.27

746

1464

2210

66.24

Rabi
Vegetables

-

-

699

-

-

-

16116

-

Rabi Fruits

-

-

218

-

-

-

1746

-

-

-

745

-

-

-

8074

-

572

118

690

17.10

6460

1061

7521

14.11

158

192

350

54.86

1863

2225

4088

54.43

Kharif
Fruits
Kharif
Fodders
Sugarcane
(K)

Rabi
Fodder
Kharif
Potato
Spring
Potato

Total

106129 84.40
4163
-

103482 88.69

Source: Crop Statistics (2016-17).
Note: ‘K’ stands for Kharif or Summer Crop, ‘W’ stands for Rabi or Winter Crop.
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2.District Profile of Lakki Marwat
Landscape and Physical Features of the Area
Lakki Marwat is located in the southern part of Khyber Pakhtunkhwa in
Pakistan. Previously it was part of Bannu District however during 1992, it was
declared as a separate administrative district of the Province.
The area is located between D.I.Khan in the south and Bannu in the north. It
touches the borders of northern Karak District and southern Tank District. The
Mianwali district of the Punjab province is located in its eastern part, while the west is
connected to the tribal areas of Frontier Region called Baittani.

Map of District Lakki Marwat
Source: Government of Khyber Pakhtunkhwa
It has an area of 3,164 square kms. This area consists of sandy plains and hills.
The area under hills is bordering towards the east, southwest, southeast and northwest.
The Mountains at the side of southeast, separate the district from D.I. Khan, whereas
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towards the east, the ranges of Niazi separating the district from that of district
Mianwali. The district is located around the Baittani range towards the southwest and
west, separating Lakki Marwat from Tank District and the area used to be called tribal
neighboring to the Waziristan (South) and Tank.
The Kurram River passes the district from northwest to southeast to reach
the River Indus in the southern side of Isa Khel. Whereas the Gambila River makes
out the big branch of Kurram River. The basin of this area is mainly made up of
alluvial soils. Towards northern side, the plain area is mainly located in Doaba making
out of Gambila and Kurram. This area is irrigated by the water made available for
irrigation from the River Kurram. The area consists of sand in flat topography. The
region towards southern is in the form of sand dunes of undulating nature, with deep
torrent beds every once in a while. This soil contains such particles which are
considered very beneficial for agriculture while the groundwater is quite deep. In
western part of the area, the soil is clayey in nature and is mostly covered with a layer
of stone at the foot of the mountain. It was interrupted by many flash floods and deep
valleys in each province. The entire area is intersected by many hill flash floods and
deep ravines. Plain areas generally have an elevation of about 200 to 300 meters.
The district has desert properties mainly because of dry weather, sand dunes
and roasting heat prevailing in the area. Its very hot in the summer months (Max. 42°C
to 45°C and a minimum 30°C to 35°C) whereas there is a moderate cold (between 4°C
to 20°C) during winters. Seasonal storms of sand blow across the district in the months
of summer because of low level of humidity in the district.
According to 2017 census, district has the population of 876,182. Out of this
9.6% of the population is urban while 90.4% per cent live in rural areas. The district
spreads over an area of 3164 km² and there are 155 persons per km².
A number of streams and rivers flowing in the district include Marwat Canal,
Tora Khura Chall, Civil Canal, Gambila River, Kurram River, Lora Nullah, Longer,
Kharoba Nullah, Chunai Nara & some springs. When there is a season of flood, Lakki
city, Umer Titter Khel, Wanda Amir, Wanda Painda Khan, Wanda Kotana are more
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susceptible to floods and also incurred damages to crops, livestock and lands. Lakki
Marwat is a land of sub-tropical and arid to semi-arid nature. The annual rain received
by the district ranges from 8-14 inches. The temperature of whole district is almost
similar in terms of various attributes of the season.
In summer the district faces hot climate while in winter it is cold. In the month
of June and in the month of July, the temperature is usually high and ranges from 35°C
degrees to 45°C while December to February is cold climate and temperature drops
low usually from 8°C to 5°C. It lies at height of 171.2 Meters from the Sea Level.
Economic Scenario of the district
Forestry
Due to semi-arid to arid climate of the whole district, Lakki Marwat receives
8- 14 rain annually resulting in presence of sand dunes on a large area of the district.
In some parts of the district there is clean drinking water scarcity. Such area include
Tajazai, Darra Tang, Chowar Khel, Ghazni Khel ,Shahbaz Khel, Dhodha, Abba Khel,
Qabul Khel, Titter Khel. Although the district has high potential for growth of
agriculture but due to water scarcity productivity remains below its potential. Thus
water is main limiting factor in agricultural production.
Irrigation
The irrigation sources include canals, torrential water, lift Irrigation and tube
wells. Besides these rivers Kurram and Gambila also provide irrigation opportunities
to some areas. These sources also serve for drinking purpose. Wheat, Guara,
Sugarcane, Maize, Fruits, Vegetables, Melon, Dates, and Water melon etc. are major
crops of the district. The land is irrigated by Marwat Canal that which flows through
the mid of area, but only 1/10th of the water released in the canal reaches the tail end
farms, while the rest is wasted as seepage. In most parts of the district, success of
harvest depends upon timely rains in the area.
Agriculture
Agriculture is the key economic activity in Lakki Marwat District. Agriculture
is mainly rainfed, which makes it prone to risks. About 74% of the total agricultural
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land is irrigated by rain while the remaining 26% is irrigated. Most of the land (75%)
is sandy in nature while rest of the soil is heavy clay, clay loam, saline and
waterlogged. Rainfall is low and erratic with an annual rainfall ranging from 250 to
300 mm. Farm sizes are mostly small in the area.
Agricultural machinery, such as tractors, threshers, tillers, plough, etc. are
mostly used for soil preparation. It is worth mentioning that that this area is the main
production area of Guara crop in the Province. The farmers in the irrigated areas are
using improved varieties of seeds, quality fertilizers and pesticides, however, in
rainfed areas, farmers opt for low-yielding local varieties, minimum fertilizers and
pesticides applications due to uncertainty of water availability.
The main source of irrigation is from canal, but, lift pumps and tube wells dug
wells also irrigate some parts of the farming area. Rod Kohi or spate irrigation system
is also practiced in the southern parts of the district like Nizami, Shah Hassan Khel
and Abdul Khel. With the exception of some irrigated area (approximately 1200
hectares), most of the arable land is used for single crops throughout the year.
Orchards are negligible in the area.
Livestock
For the health, breeding and care against epidemics of the livestock, the
Government has established various institutions.
Table-4

Land Use Statistics of District Lakki Marwat
Land Use Statistics of District Lakki Marwat

Cultivated
Area

Irrigated
Area

Rainfed
Area

Total

Irrigated %

Rainfed%

116900

36296

80604

116900

31.04

68.95

Source: Crop Statistics (2016-17).
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Table-5

Area and Production of major crops in District Lakki Marwat
Area (In Hectares)

Crops
Maize (K)
Rice (K)
Bajra (K)
Jowar (K)
Kharif
Vegetables
Kharif Fruits
Kharif
Fodders
Sugarcane
(K)
Wheat (R)
Barley (R)
Rape &
Mustard (R)
Guara (K)
Masoor (R)
Rabi
Vegetables
Rabi Fruits
Rabi Fodder

Irrigated Un-irrig
ated

Total

Prod (In Tonnes)

% age of Irrigated Un-irrig
Un-irrigat
ated
ed area

Total

% age of
Un-irriga
ted area

552
54
80
171

2
8
68

554
54
88
239

0.36
9.09
28.45

1025
82
303
101

3
1
19

1028
82
304
120

0.29
0.33
15.83

-

-

109

-

-

-

-

-

-

-

1699

-

-

-

18981

-

-

-

108

-

-

-

1152

-

56

-

56

0.00

2120

-

2120

-

4893
202

12597
151

17490
353

72.02
42.78

12975
205

6424
65

19399
270

33.12
24.07

37

3

40

7.50

25

2

27

7.41

61
105

251
24

312
129

80.45
18.60

73
41

174
10

247
51

70.45
19.61

-

-

125

-

-

-

1457

-

-

-

115
814

-

-

-

1063
25344

-

Source: Crop Statistics (2016-17).
Note: ‘K’ stands for Kharif or Summer Crop, ‘W’ stands for Rabi or Winter Crop.
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Glossary
Acclimatization
The physiological adaptation to climatic variations.
Adaptation
Adjustment in natural or human systems to a new or changing environment.
Adaptation to climate change refers to adjustment in natural or human
systems in response to actual or expected climatic stimuli or their effects,
which moderates harm or exploits beneficial opportunities. Various types of
adaptation can be distinguished, including anticipatory and reactive
adaptation, private and public adaptation, and autonomous and planned
adaptation.
Arid regions
Ecosystems with less than 250 mm precipitation per year.
Biomass
The total mass of living organisms in a given area or volume; recently dead
plant material is often included as dead biomass.
Capacity building
In the context of climate change, capacity building is a process of
developing the technical skills and institutional capability in developing
countries and economies in transition to enable them to participate in all
aspects of adaptation to, mitigation of, and research on climate change, and
the implementation of the Kyoto Mechanisms, etc.
Carbon dioxide (CO2)
A naturally occurring gas, and also a by-product of burning fossil fuels and
biomass, as well as land-use changes and other industrial processes. It is the
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principal anthropogenic greenhouse gas that affects the Earth’s radiative
balance. It is the reference gas against which other greenhouse gases are
measured and therefore has a Global Warming Potential of 1.
Climate
Climate in a narrow sense is usually defined as the “average weather” or more
rigorously as the statistical description in terms of the mean and variability of
relevant quantities over a period of time ranging from months to thousands or
millions of years. The classical period is 30 years, as defined by the World
Meteorological Organization (WMO). These relevant quantities are most
often surface variables such as temperature, precipitation, and wind. Climate
in a wider sense is the state, including a statistical description, of the climate
system.
Climate change
Climate change refers to a statistically significant variation in either the mean
state of the climate or in its variability, persisting for an extended period
(typically decades or longer). Climate change may be due to natural internal
processes or external forcings, or to persistent anthropogenic changes in the
composition of the atmosphere or in land use. Note that the United Nations
Framework Convention on Climate Change (UNFCCC), in its Article 1,
defines “climate change” as: “a change of climate which is attributed directly
or indirectly to human activity that alters the composition of the global
atmosphere and which is in addition to natural climate variability observed
over comparable time periods.” The UNFCCC thus makes a distinction
between “climate change” attributable to human activities altering the
atmospheric composition, and “climate variability” attributable to natural
causes. See also climate variability.
Climate scenario
A plausible and often simplified representation of the future climate, based on
an internally consistent set of climatological relationships, that has been
constructed for explicit use in investigating the potential consequences of
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anthropogenic climate change, often serving as input to impact models.
Climate projections often serve as the raw material for constructing climate
scenarios, but climate scenarios usually require additional information such as
about the observed current climate. A “climate change scenario” is the
difference between a climate scenario and the current climate.
Climate variability
Climate variability refers to variations in the mean state and other statistics (such
as standard deviations, the occurrence of extremes, etc.) of the climate on all
temporal and spatial scales beyond that of individual weather events. Variability
may be due to natural internal processes within the climate system (internal
variability), or to variations in natural or anthropogenic external forcing (external
variability). See also climate change.

Desertification
Land degradation in arid, semi-arid, and dry sub-humid areas resulting from
various factors, including climatic variations and human activities. Further, the
United Nations Convention to Combat Desertification defines land
degradation as a reduction or loss in arid, semi-arid, and dry sub-humid areas
of the biological or economic productivity and complexity of rain-fed
cropland, irrigated cropland, or range, pasture, forest, and woodlands resulting
from land uses or from a process or combination of processes, including
processes arising from human activities and habitation patterns, such as: (i)
soil erosion caused by wind and/or water; (ii) deterioration of the physical,
chemical, and biological or economic properties of soil; and (iii) long-term
loss of natural vegetation.
Drought
The phenomenon that exists when precipitation has been significantly
below normal recorded levels, causing serious hydrological imbalances
that adversely affect land resource production systems.
Ecosystem
A system of interacting living organisms together with their physical
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environment. The boundaries of what could be called an ecosystem are
somewhat arbitrary, depending on the focus of interest or study. Thus, the
extent of an ecosystem may range from very small spatial scales to,
ultimately, the entire Earth.
Emissions
In the climate change context, emissions refer to the release of greenhouse gases
and/or their precursors and aerosols into the atmosphere over a specified area and
period of time.

Exposure
The nature and degree to which a system is exposed to significant climatic
variations.
Food insecurity
A situation that exists when people lack secure access to sufficient amounts of
safe and nutritious food for normal growth and development and an active and
healthy life. It may be caused by the unavailability of food, insufficient
purchasing power, inappropriate distribution, or inadequate use of food at the
household level. Food insecurity may be chronic, seasonal, or transitory.
Glacier
A mass of land ice flowing downhill (by internal deformation and sliding at
the base) and constrained by the surrounding topography (e.g., the sides of a
valley or surrounding peaks); the bedrock topography is the major influence
on the dynamics and surface slope of a glacier. A glacier is maintained by
accumulation of snow at high altitudes, balanced by melting at low altitudes or
discharge into the sea.
Global surface temperature
The global surface temperature is the area-weighted global average of (i) the sea
surface temperature over the oceans (i.e., the sub-surface bulk temperature in the
first few meters of the ocean), and (ii) the surface air temperature over land at
1.5m above the ground.
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Global Warming Potential (GWP)
An index, describing the radiative characteristics of well-mixed greenhouse
gases, that represents the combined effect of the differing times these gases
remain in the atmosphere and their relative effectiveness in absorbing
outgoing infrared radiation. This index approximates the time-integrated
warming effect of a unit mass of a given greenhouse gas in today’s
atmosphere, relative to that of carbon dioxide.
Greenhouse effect
Greenhouse gases effectively absorb infrared radiation, emitted by the Earth’s
surface, by the atmosphere itself due to the same gases, and by clouds.
Atmospheric radiation is emitted to all sides, including downward to the
Earth’s

surface.

Thus

greenhouse

gases

trap

heat

within

the

surface-troposphere system. This is called the “natural greenhouse effect.”
Atmospheric radiation is strongly coupled to the temperature of the level at
which it is emitted. In the troposphere, the temperature generally decreases
with height. Effectively, infrared radiation emitted to space originates from an
altitude with a temperature of, on average, -19°C, in balance with the net
incoming solar radiation, whereas the Earth’s surface is kept at a much higher
temperature of, on average, +14°C. An increase in the concentration of
greenhouse gases leads to an increased infrared opacity of the atmosphere, and
therefore to an effective radiation into space from a higher altitude at a lower
temperature. This causes a radiative forcing, an imbalance that can only be
compensated for by an increase of the temperature of the surface-troposphere
system. This is the “enhanced greenhouse effect.”
Greenhouse gas
Greenhouse gases are those gaseous constituents of the atmosphere, both
natural and anthropogenic, that absorb and emit radiation at specific
wavelengths within the spectrum of infrared radiation emitted by the Earth’s
surface, the atmosphere, and clouds. This property causes the greenhouse
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effect. Water vapor (H2O), carbon dioxide (CO2), nitrous oxide (N2O),
methane (CH4), and ozone (O3) are the primary greenhouse gases in the
Earth’s atmosphere. Moreover there are a number of entirely human-made
greenhouse gases in the atmosphere, such as the halocarbons and other
chlorine- and bromine-containing substances, dealt with under the Montreal
Protocol. Besides CO2, N2O, and CH4, the Kyoto Protocol deals with the
greenhouse gases sulfur hexafluoride (SF6), hydrofluorocarbons (HFCs), and
perfluorocarbons (PFCs).
Impacts of Climate Change
Consequences of climate change on natural and human systems. Depending on
the consideration of adaptation, one can distinguish between potential impacts
and residual impacts. Potential impacts: All impacts that may occur given a
projected change in climate, without considering adaptation. Residual impacts:
The impacts of climate change that would occur after adaptation. See also
aggregate impacts, market impacts, and non-market impacts.
Land use
The total of arrangements, activities, and inputs undertaken in a certain land
cover type (a set of human actions). The social and economic purposes for
which land is managed (e.g., grazing, timber extraction, and conservation).
Mitigation
An anthropogenic intervention to reduce the sources or enhance the sinks of
greenhouse gases.
Perception
Perception (from the Latin perceptio) is the organization, identification, and
interpretation of sensory information in order to represent and understand the
presented information, or the environment.
Resilience
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Amount of change a system can undergo without changing state.

Resources
Resources are those occurrences with less certain geological and/or
economic characteristics, but which are considered potentially
recoverable

with

foreseeable

technological

and

economic

developments.
Semi Arid Regions
A semi-arid climate or steppe climate is the climate of a region that receives
precipitation below potential evapotranspiration, but not as low as a desert climate.
There are different kinds of semi-arid climates, depending on variables such as
temperature, and they give rise to different biomes.
Soil moisture
Water stored in or at the land surface and available for evaporation.
Solar radiation
Radiation emitted by the Sun. It is also referred to as shortwave radiation.
Solar radiation has a distinctive range of wavelengths (spectrum) determined
by the temperature of the Sun.
Stakeholders
Person or entity holding grants, concessions, or any other type of value that would
be affected by a particular action or policy.
Subsidy
Direct payment from the government to an entity, or a tax reduction to that
entity, for implementing a practice the government wishes to encourage.
Greenhouse gas emissions can be reduced by lowering existing subsidies that
have the effect of raising emissions, such as subsidies to fossil-fuel use, or by
providing subsidies for practices that reduce emissions or enhance sinks (e.g.,
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for insulation of buildings or planting trees).

Sustainable development
Development that meets the needs of the present without compromising the
ability of future generations to meet their own needs.
Vulnerability
The degree to which a system is susceptible to, or unable to cope with,
adverse effects of climate change, including climate variability and extremes.
Vulnerability is a function of the character, magnitude, and rate of climate
variation to which a system is exposed, its sensitivity, and its adaptive
capacity.
Water stress
A country is water-stressed if the available freshwater supply relative to water
withdrawals acts as an important constraint on development. Withdrawals
exceeding 20% of renewable water supply has been used as an indicator of
water stress.
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