ECONOMIC IMPACT OF CLIMATE CHANGE ON
AGRICULTURAL SECTOR

Uzma Hanif

Supervised by
Prof. Dr. Rafique Ahamd
Prof. Dr. Kauser Abdullah Malik
Prof. Dr. Shabib Haider Syed

A Thesis Submitted to
University of the Punjab, Lahore
in Partial Fulfillment of the Requirements of the Award of the
Degree of Philosophy

Centre for South Asian Studies
University of the Punjab
Lahore
2010
1

DEDICATION
To the Tillers of Soil who Encounter Courageously
the Nature’s Vagaries

2

ACKNOWLEDGEMENT

To accomplish a dissertation involves research which is both innovations and creativity.
It is a laborious endeavour demanding utmost patience and also a high degree of
confidence in one‟s theoretical knowledge and understanding of concepts and also
professional skill to probe the various imponderables in the deep ocean. The carrying out
a research study and analysis and interpretation of the results are an ordeal task. There are
no ends to human capabilities. The more one labours harder and harder, the hidden
faculties come with brightness devoid of illusions. In the accomplishment of my work
which may look an odd in the first instance but at the end of the day have required urgent
policy measures for alleviation of constraints in order to have a sustained development to
cause progress and a prosperous future for the posterity.
I shall not fulfill my duty as long as I do not say of Professor Dr. Mujahid Kamran,
Vice Chancellor, University of the Punjab for the most gracious and professional
facilitation in according approval to my work plan on Impact of Climate Change on
Agricultural Sector.
Dr. Muhammad Saleem Mazhar, Director Centre for South Asian Studies, University of
the Punjab for his untiring interest to set-up and encourage scholars to take up research
work in the various subjects requiring urgent policy framework for uplift the peoples‟ lot
in south Asian countries. The vast majority of whom are devoid of the basic necessities of
living and are living below the poverty line.
I am highly indebted to Professor Dr. Rafique Ahmed ex. Vice Chancellor, University of
the Punjab for his generosity and love that he accepted me as a research student
3

My very special respects and indebtedness are to my supervisor, Prof. Dr. Kauser
Abdullah Malik H.I, S.I, T.I Distinguished National Professor of Biotechnology, member
and Chairing Agriculture Section of the Task Force on Climate Change, Planning
Commission, Government of the Pakistan. Dr. Sahib from his extremely busy and urgent
tasks, were available to me for assistance in comprehending the many scientific concepts
and theories on Climate Change and its consequential effects on agricultural practices.
The collection of data on climate was tasks beyond my limits. Dr. Kauser would ask the
concerned persons to lend me assistance in data collection and access to the needed
reports. Without his dedicated help, it would have been not possible to carry out the
study. I pray to Almighty Allah for his health and long life. He is one person full of truth
and dedication always ready to enrich his students with knowledge par- excellence.
My very sincere gratitudes to my supervisor, Dr. Shabib Haider Syed who has played a
key role in my work not alone, providing guidance and opportunities at all times during
the course of the study. These have gone a long way to broaden my vision and
understanding of the intricate environmental concerns and issues. At times of illusions
and confused, he gave me encouragement to complete the work by removing many ifs
and buts.
Not forgetting to pay my most gratitudes to Mr. Muhammad Iqbal Khan ex. chief
Economist (Power) Wapda who, though, hasn‟t been my formal teacher, but he has
taught me to enjoy the glory of research and insight of issues to appreciate ground
realities and application of economic tools of evaluation. The truth is that he inculcated in
me the inspiration to face problems and invoke solutions. No maximum, but optimization
within the constraints. To say that Mr. Iqbal Khan is an asset in my career will not be
incorrect. A man with vision and trouble shooter. My respects are also to his wife, has
always been kind to me and boosted morale.
Dr. Arif Hussain Bhatti, Dy. Director (PR) Directorate General Public Relations, Lahore,
interventions to sort out the innumerable official hitches cannot be left without paying
4

him the gratitudes. He deserved the most in facilitation of my work plan to the board of
Advance Studies and Research University of Punjab. I am also grateful to Dr. Sahibs‟
wife for her prayers.
The impetus provided to me to enhance my professional competency by Dr. Peter H
Armacost Reactor, Forman Christian College University has shaped me an entirely new
person. He is my Role Model who has taught me the essence of values. My gratitudes are
also to Dr. Christy Munir, Vice Principal, Dr. C.J Dubash Vice Rector who have always
been kind to listen to my problems and gave me advice to counter them with courage and
fortitude
In my hours of difficulties, the sincere advice I got from Prof. Atif Shakeel Saroia, a
colleague and family friend, I shall always redeem as an asset. He made me realize that I
was a born dead passionate researcher. Not he alone, but his family comforted me.
Mr. Qudratullah, my class mate and friend provided me all assistance in data collection
and sailed with me with stress and strains during my research work.
I am also working as warden Girls‟ Hostel, Professional Academy of Commerce, Lahore
where Mrs. Nighat Ahmed, the chairperson, Mr. Jaffer Hussain Principal, and Mr.
Salahud-din Vice Principal provided me with all facilities of conducive environment to
carryout my study and research work.
My thanks for Mrs. Jean Albert, Administrative Assistant to the Rector for listening me
always with patience. Her presence is indeed a blessing at Forman Christian College. My
motivator to undertake research work is Prof. Dr. Wajahat Hussain, Biological Sciences
whom I shall pray always.
My thanks are also to Dr. Ghulam Rasul, Director Meteorological Department, Islamabad
who provided me access to climate data, also making me to understand the climate
parameters. His word of encouragement to do the study was the need of time in Pakistan.
5

Not the least my thanks to Mr. Qamar ul Zaman, Meteorologist, PMD, for providing me
with the needed data.
I would not have got the various data on agriculture for the study without the help of Ch.
Shamim Rafique, Director General, Punjab Bureau of Statistics. I extend my most sincere
gratitude to him. Also thank his staff who labored hard to retrieve old publications.
My special thanks are to Mr. Amir Ijaz Akbar EDO (Revenue) Kasur who made me
understand the land price phenomenon in Pakistan as well his pivotal role in the data
collection.
The all out help and assistance in collection of land price data of land, Mr. Javed Iqbal
Bukhari, Secretary Revenue and Establishment Board of Revenue, Ms Wasima Umer,
Revenue Department, Lahore, Mr. Sarfraz Ullah Khan, Dy. Director(PR)/District
Information Officer, Jhelum, Tanveer Khalid, Dy. Director(PR)/District Information
Officer, Mianwali, Mr.Tariq Ismail, Dy. Director(PR)/District Information Officer,
Bahawalnagar. Mr. Mazhar Haq Baloch, Bahawalnagar, Dr. Shahid, Bahawalpur, Ashiq
Hussian Dogar, Fiasalabad, have been persons without which the uphill task of data
collection on land prices would have not been possible. My thanks are also to all those
who collected price data despite their busy schedules.
My gratitudes and thanks are to Dr. Mohsin Iqbal, Head Agriculture Section and
Mr. Arif Goheer, Global Change Impact Study Centre, Islamabad who helped me to
know the trends and climate change on agriculture as well as supplying the requisite
printed material.
My respects to Mr. Aamir Khan Deputy Registrar, Academics, University of the Punjab,
helping me to complete formalities for submission of my thesis.
I am grateful to Mr. Manzoor Gabol, General Manager, SMO Wapda who was always a
helping hand in data collection and encouraging me in my work.

Thanks are also to Dr.

Shahid Ahmed and Dr. Omer Farooq, Pakistan Agricultural Research Council,
6

Islamabad, with whom I had meaningful discussion on effects on agriculture from
climate change and other environment related issues. My gratitudes are to Dr. Jameel
Ahmed, Planning Commission Government of Pakistan for sorting out directions t o
proceed on the study. Mr. Muhammad Basharat (IWARSI) and Mr. Yasin Siddique
Deputy Director / XEN S.M.O Wapda for facilitating issues related with water and its
effects on agricultural practices. Thanks are also to Mr. Orya Maqbool Jan with whom
technical discussions were held related to my work.
I also extend my heartiest thanks to Shamsul-Huda, officiating controller of examination,
Centre for South Asian Studies, PU, Lahore, Mr. Jerlad Foster Benjamin, Network
support engineer, Forman Christian College, Lahore.
My students, Abul Hassan, Nauman Arshad, Sher Afgan, Ahmed, Umer Habib, who have
helped me in data entry, deserve my thanks and best wishes. I also extend my heartiest
thanks to Suhrab, Faisal khan and Uzair, Kennedy Hall, Forman Christian College,
Lahore. Blessing to my colleagues Mr. Zahid Iqbal and Mr. Asher Irfan Saroia, Forman
Christian College, who always facilitated me.
Last but not the least, I owe all love to my mother who has prayed always for my success
in career. My father who always encouraged me to pursue knowledge for betterment not
alone for self but for the society at large have gone a long way in shaping my character
and understanding of the peoples‟ lot which direly need improvements. He cultivated me
to think rationale and do right and be steadfast at all occasions. My prayers are for my
khala Mrs. Nuzhat Asghar, who comforted me in times of emotional afloat.
My brother Moby and brother-in-law Sikander Zulqarnain boosted my morale, I wish
them a happy future.

7

ABSTRACT

Amongst the other factors, climate change impacts in multidimensional forms, specially
the agrarian economies which are dependent upon the vagaries of nature. The ultimate
climate change determines the paths and level of development in the long term.
The main objective of the study is quantification of the impact of change in climate
normals in order to have a viable and sustained development of agricultural sector both at
the regional and country level. It may be said that the study in hand can be listed as the
first of its analytical value in Pakistan. A one way fixed effect panel model for eleven
districts over the time horizon 1970-2009 has been estimated with FGLS panel regression
technique. The results of panel regression of precipitation, maximum and minimum
temperature are derived on Punjab agricultural land.
The inclusion of the Kharif and Rabi seasons climate variables are very important
contribution in assessment model. These have not been taken into consideration in any
previous assessment models. The results have showed that the Kharif and Rabi variables
(seasonal variables in context of sowing and harvesting time periods) are significantly
related with per acre land prices.
The assessment has brought that mean precipitation and mean minimum Kharif
temperature have significant positive (∩) relationship with land prices. Mean maximum
Kharif temperature is not significant with land prices. With respect to precipitation, it is
found that an increase of one mm in precipitation, the land price on an average will
increase by Pak Rs. 166.57 per acre in Kharif season.
Precipitation in Rabi has significant negative (U) relationship, Mean minimum
temperature has significant negative (U) and mean maximum Rabi temperature has
significant positive (∩) relationship with land prices. Results have indicated that with
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decrease in Rabi precipitation coupled with an increase in maximum Rabi temperature
will tend to increase the land price in the this season.
In Rabi season, an increase in precipitation of one mm, agricultural land price, on an
average, will decrease by Pak Rs. 860 per acre. An increase in maximum temperature by
10C will increase agricultural land price, on an average, by Pak Rs. 25208.66 per acre.
The study has confirmed the hypothesis that climate change impinches considerably price
of agricultural land which is a long run variable for net revenues.
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INTRODUCTION

The aggregate global effects on agricultural productivity are expected to be negative by
the late of this century, and developing countries are expected to suffer sooner and
worse.1

1.1 Preamble
Naturally occurring greenhouse gases (GHGs) accentuate a critical function in the Earth‟s
atmospheric system. These gases while being transparent to the incoming solar radiation
block the outgoing radiation from the Earth‟s surface. Such phenomenon is known as
greenhouse effect which cause rise in the Earth‟s average temperature. The phenomenon
has been taking place since times immemorial. As back as the Industrial Revolution,
anthropogenic activities namely, power generation from fossil fuels and deforestation
activities have been continuously increasing the atmospheric concentration of GHGs
beyond their natural limits resulting in an enhanced greenhouse effect, vis-à-vis, an
increase in global temperature. The rise in temperature could be coupled with changes in
rainfall pattern, rise in sea level, and frequency and severity of extreme events namely,
cyclones and droughts etc. The sum of all these changes is referred to as climate change.
Viewed in the context of climate change and its effects, the achieving of
sustainable development from considerations of social, economic and environmental is a
challenge. The challenge has become a more difficult even without climate change.
Climate change affects economic development in many ways, especially the agrarian
economies have always depended on vagaries of nature and climate. Change in
temperature, precipitation averages and extreme climate events can alter yield, income,
1

Social Dimensions of Climate Change, The Social Development group, The World Bank Group, 2008
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health, sociology and physical safety. In the ultimate, affects the paths and levels of
future development. Climate change is a global phenomenon and no country is immune
to it. Millions of people from Bangladesh to Florida have been and will be vulnerable to
rise in the sea level, including settlements and access to freshwater. Greater rainfall
variability and more severe droughts in semi-arid African countries will be constraints in
eliminating hunger and combat malnourishment (World Development Report, 2010) 2 .
The disappearing of the Himalayan glaciers at a fast pace would increase the
probability of extreme water flows, rendering it uncontrolled will bring heavy floods,
loss of life, livestock, crops and infrastructural facilities in Pakistan, India, Nepal and
Bangladesh. Climate change will affect all sectors of the economy not alone agricultural
sector the most as well as health, forests, energy, coastal area, biodiversity and ecology
all over the globe. In this connection, it will be pertinent to give the most recent events
which have taken place across Asia.
The deadly mudsliding in Zhugqu county in China in August, 2010 was caused by
heavy rains and floods. Some 1,248 people have perished in the mudslides and an equal
number were rescued. The number of missing persons was reported to be 496 3.
The history‟s worst ever flood of Pakistan in July and August 2010 were the result of
heavy monsoon rains.

According to an estimate of United Nations over 20 million

people have been affected, and 1,60,000 square kilometer lands flooded. This has
exceeded the number of combined total affectees of 2004 Indian Ocean Tsunami, the
2005 Kashmir earthquake and the 2010 Haiti earthquake 4. At a time when Pakistan is
encountered to extreme monsoon, China is mourning over the loss of human life caused
by mudsliding, Russia is having a record breaking heat wave that has seen Moscow with

2

. World Development Report: Development and climate change, 2010.

3

http://news.xinhuanet.com/english2010/china/2010-08/14/c_13444285.htm

4

http://www.bbc.co.uk/news/world-south-asia-10984477
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smog from burning peatlands. Russian economists have said that they estimate the
heatwave and wildfires to cut $15bn (£9bn) from economic output 5.

As a consequent of the low adaptive capacity, the developing countries are and will be
more vulnerable to the impacts of climate change. Warming can have a big impact on
both the level and growth of gross domestic product (GDP), especially in poor countries.
An examination of the year to year temperature have shown that anomalously warm
years reduce both the current level and subsequent growth rates of GDP in developing
countries.
According to experts on health services, an expected rise in temperature will cause
climate related diseases of heat strokes and wide spread of vector-borne diseases like
malaria and dengue and yellow fever. The effects of extreme weather events i.e. heavy
rains, floods, storms and wildfires have adverse effects on human physiology. Climate
change coupled with environmental degradation alongwith market and institutional
failures will bring poverty and enhance the hindrances to alleviate poverty(World
Development Report, 2010)
Agricultural has been one of the oldest economic activities in all over the world. It
is not only the backbone of foodgrain supply to the work force but also supply raw
material to

industries. Depending upon the natural resources, agricultural sector is

vulnerable to climatic change and vagaries of natural as stated earlier. Adapting
agricultural sector to climate change is urgent because its impacts have already bee n
evident. The downward trend in agricultural production will continue even if GHGs
emission are stabilized at the current level. (World Development Report, 2008). Climate
change can irreversibly damage the natural resources base on which agricultural activities
depend upon. (IAASTD, 2008).
5

http://www.bbc.co.uk/news/world-europe-10932644
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Over the past two decades, the debate on global climate change has moved from
scientific interests to policy planning with more seriousness and vigorously than ever
before. Response strategies to deal with this complex phenomenon threatening the world
are being thought and discussed to contain greenhouse effects. The effects have far
reaching impacts on the peoples‟ living.
Climate change has raised serious concerns for developing countries and Pakistan
is not alone to face tremendous social, environmental and economic impacts. The many
impacts on agricultural due to climate change have received a high contemplations in
Pakistan. As the change in climate is closely linked to food security and poverty of a vast
majority of the country‟s population.
The analysis of climate data of Pakistan has indicated that there is temporal and
spatial variability in the rate of change and nature of resulting impacts affecting all
spheres of life. (Farooq and Khan, 2004).
Pakistan‟s status as a developing country is dependent mainly on agricultural
sector making it highly vulnerable to the effects of climate change. Agricultural and
allied activities are the single largest sector, contributing 21 per cent to GDP and
employing 44per cent of workforce. As much as 65 per cent foreign exchange is earned
from export of goods manufactured from raw material obtained from agricultural sector.
More than two-third of Pakistan population lives in rural areas and their livelihood
depend on agricultural and agro-based activities (Pakistan Economic Survey, 2007-08).

In 2006, the share of agricultural sector in GDP, exports and employment level have
markedly decreased. Amongst other reasons of declining agricultural productivity,
change in climate has been marked a major contributor. According to Economic Survey
(2007-08), agricultural sector has performed poorly in 2007-08, it grew at 1.5 per cent
against the target of 4 per cent. The sector had suffered from multifarious reasons which
22

also included heavy rainfall in May 2007, high temperature during August and
September, 2007 and shortage of water in the overall irrigatation system.
Changes in climate especially increase in temperature and also decrease in rainfall
would have a negative impact on the future projections of major crop production in
Pakistan. (Roohi, 2004).
The increase in temperature makes Pakistan vulnerable to environmental stresses
and climate change impacts. Changes in monsoon patterns i.e. lesser irrigation supplies
have resulted in decreased agricultural output, salination, soil erosion and floods which
will be threatening to food security for Pakistan in the years ahead. In the Pakistan‟s
context, the vulnerability is especially higher because its large population economic
dependence rests on primary natural resources, being an agrarian economy (Pakistan
Economic Survey, 2007-08).
It is said that North is the driver for the carbon emissions but South is the victim.
In Pakistan, inadequate monitoring system, assessment of the likely changes in the
weather patterns and its impacts on agricultural sector make it difficult to have an
effective national agro-climate policy. (Roohi, 2004).
Numerous empirical studies have suggested that climate change will have larger
impacts on agricultural sector in developing countries than the developed countries. How
much the agricultural sector of developing countries will be affected depends upon the
magnitude of climate change that they will have to endure. Scientists have been
unanimous that the probability of reduction in crop yield is very high in warmer, lower
latitude areas and semi-arid areas of the world (IPCC, 2007). However, climate scientists
have prediction that there will be or likely to be a modest increase in temperature for the
next century (IPCC, 1996).
Concerns about potential adverse impacts of climate change have triggered which
could be named as impact assessment research since the early 1990s. Over the past two
decades, the impact assessment research has gone through a metamorphosis with gradual
23

movement towards vulnerability and adaptation assessment. Impact assessment studies
have continued on a wider horizon in order to evolve both innovations in methodology
and scope of analysis.
Mendelsohn et.al (1994) applied land climate Hedonic price model/Ricardian
Approach to link land value to its characteristics including climate factors. The land
climate Hedonic price model can be used in estimation of the impact of climate, socio economic and geographical variables on per acre agricultural land value which allows
measurment of marginal contribution of the attributes to capitalize the land value.
Weber and Hauer (2003) have found that Canadian agricultural landowner could
gain substantially as a result of climate change. By regressing per acre annual land rental
on climate and other non climate variables, they found that Canadian agricultural will be
benefited from climate change by a $5.24 billion increase in annual GDP.
It is documented in final report of Task Force, Planning Commission GoP 6 on Climate
Change that there is a dire need to quantify the impact of climate change on different
sectors of the economy for planning and policy making. The report has also noted that it
is not easy to assess the economic impact of climate change on different sectors of the
economy. But it is of very crucial importance for national planners and policymakers to
develop and shape the country‟s development plans in the most optimal manner within
the constraints of limited available resources. Viewed in this perspective, the study in
hand is the first effort to quantify the impact of climate change on agricultural sector.
Rabi and Kharif are two sowing and harvesting seasons in Pakistan. It has considered
Rabi and Kharif mean precipitation, minimum and maximum temperature individually as
climate variables. By using FGLS technique of panel regression estimations, relationships
of climate variables with agricultural land price as well as marginal climate impacts are
calculated. Results also reveal the magnitude of change in per acre agricultural land price
with change of climate variables. The study has confirmed the hypothesis that climate
6

. Final Report, Task Force on Climate Change, Planning Commission of Pakistan, 2010.
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change impinches considerably price of agricultural land which is a long run variable for
net revenues.

The study area in hand is the Punjab province of Pakistan. Punjab is the most
populous and the second largest province of Pakistan. Agricultural sector dominates the
Punjab landscape both in the per centage of land (57.2per cent) in agricultural sector and
also the per centage share(53 per cent) of Pakistan‟s agricultural gross domestic product
(Punjab Development Statistics, 2009). In the year 2007-08 the Punjab share in
Pakistan‟s agricultural production of major crops was wheat 74.5 per cent. Rice 59.1 per
cent, gram 81.7 per cent, Jawar 612 per cent, maize 74.5 per cent, Bajra 73.4 per cent,
cotton 77.8 per cent, sugarcane 63.1 per cent, barley 33.3per cent, rapeseed and mustard
58.5per cent. For major fruits, Punjab‟s share in the overall country‟s productio n was
mango 78.3 per cent, banana 6.3 per cent, citrus 96.7 per cent , guava 78.3 per cent, dates
7.9 per cent and apple 0.7per cent (Punjab Development Statistics, 2009).The capacity of
Punjab agricultural sector adaptability to the changing climate has never been
investigated. Developing a comprehensive understanding of this adaptation capacity will
facilitate efficient and viable agricultural policy reforms in the context of climate change.
Study in hand is pioneering in quantifying the economic impact of climate change. By
considering the results and policy recommendation, policy makers can develop climate
policies based upon ground realities.

1.2 Problem Statement
The economic viability of Punjab agricultural sector is dependent upon and revolves
around the ability of the farmers to adapt their farming practices to change in climate.
This is imperative as climate is responsible for change in patterns and cycles of
agricultural activities. In order to comprehend the economic viability of agricultural
practices in Punjab due to climate change, suitable policy proposals are needed on a long
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term perspective. It has, therefore, been necessitated to quantify the economic impact of
climate change on the agricultural activities in Punjab province.

1.3 Objectives
The objective of this study is estimation of the economic impact of climate change
(normal) on agricultural sector of the Punjab province. It is envisaged that the study will
be the first serious attempt to carry out analysis of the economic impact of c limate change
on agricultural practices. The study has essentially addressed to aspects of research as
given under:
 collection, compilation and analysis of panel data related to climate and non climate
variables for eleven districts of Punjab.
 to collect relevant data for climate change indicators of maximum, minimum
temperature, precipitation, socioe-conomic variable i.e. population density and dependent
variable of agricultural land price per acre
 model specification according to the ground realities of Punjab agricultural economy and
economic analysis of climate change and its impact on Punjab agricultural sector.
 application of a land climate Hedonic price model/ Ricardian Approach for valuing
economic impact of climate change s with respect to its peculiar situation in Punjab.

1.4 Methodology
Land climate Hedonic price method will be used to capture the economic impact of
climate change on agricultural sector of Punjab.
The land climate Hedonic price model/Ricardian Approach was introduced by
Mendelsohn et.al. (1994).According to him, agricultural land values depend upon factors
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that

determine

agricultural productivity including climate (maximum, minimum

temperatures, precipitations, solar radiation etc.), soil quality and slope (flat vs hilly) etc.
Palmquist (1991) has opined that in agricultural sector, across different locations
over time there, generally, exist land price differentials and the value of marginal changes
in climate can be discerned from Hedonic land price analysis. In such a case, climate
itself becomes a choice variable. It can be safely presumed that long run cost minimizing
adaptation has already occurred. Schelnker (2008) has opined that land climate Hedonic
price models has strength over other impact assessment models as it accounts for whole
agricultural sector(all crops, orchards and livestock etc.). It also measures the behavioral
responses or adaptations, i.e. change in crop choices and management practices with
respect to climate change. Thus, land values change in accordance with change in climate
over time.
The empirical analysis of this study has been based on data from 1970 - 2009 for
the selected districts of Punjab. The districts in sample are also representatives of all
climate zones in the Punjab province. Per acre agricultural land prices, climate (mean
maximum, minimum temperatures

and precipitations)

and nonclimate variables

(population density, area under cultivation and per capita income) are used for the
analysis. The estimate of results of the analysis will be of considerations by makers of
agricultural policy in the context of climate change.

1.5 Organization of the Study
The remaining chapters are organized in sequential order. Chapter two gives a review of
the important issues related to theoretical and empirical works in the realm of economic
impacts of climate changes on agricultural sector (literature review).Chapter three gives a
overview of climate scenario of Pakistan and its effects on agricultural sector. Chapter
four describes the theoretical framework of the study. Chapter five describes the data,
data sources and the model adaptation in accordance with theoretical framework. The
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empirical land climate Hedonic price model results and panel models are described in
chapter six. Chapter seven gives brief interpretations of the results, conclusion and policy
recommendations.
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REVIEW OF LITERATURE ON MODELS FOR
ASSESSMENT OF CLIMATE CHANGE IMPACT

2.1 Introduction
The objective of the thesis is to quantify economic impact of climate change on
agricultural sector of the Punjab. This chapter reviews the literature related to assessment
of economic impact of global and local climate change .This literature highlights the
appropriateness of Hedonic Price Method which provides theoretical as well as empirical
base to Ricardian Approach. The Ricardian Approach is used to assess and quantify the
economic impact of climate change on agricultural sector of Punjab. The section 2.2.
reviews the historical background of the economic impact of climate change. The review
of economic impact assessment studies and detailed discussion of general and partial
equilibrium approach are in section 2.3. In section 2.4, literature on Ricardian Approach
is evaluated. In section 2.5, is given Hedonic Price Method and also the supplementary
and complementary characteristics of Land Climate Hedonic Price Method and Ricardian
Approach. Section 2.6 highlights the important issues and provides a link to chapter
three. Section 2.7 presents summary of relevant research studies.

2.2 Historical Background
A Swedish Nobel prize laureate, chemist cum physicist, Arrhenius (1864) was the first
scientist

who speculated that concentration of carbon dioxide in the atmosphere could

substantially alter the global temperature from greenhouse effect.
The debate of greenhouse effect entered in the domain of economics by Nordhaus
(1982), who has discussed in his article that how change in climate from concentration
of carbon dioxide impacts the economy. Nordhaus (1982) noted that climate change
29

impact is channelized into the economy in two ways; first production side and second is
the economy through the policy induced abatement activities.
The potential adverse impacts of climate change on the economy have triggered
which have started impact assessment research since early 1990s (Kumar, 2009). Impact
assessment has lead to positive and normative policy for adaptation and mitigation of
effects due to climate change.

2.3

Review of Economic Impact Assessment Models/ Studies of Climate
Change

2.3.1

General Equilibrium Models

The economic models which have been developed for assessment of climate change are
of two types; General Equilibrium (GEM) and Partial Equilibrium (PEM).
Sadoulet and Janvry (1995) have argued that GE Model has been considered as a
complete system of interdependent components , where PE Model depicts market of one
product or markets for a set of products.
Winters et al., (1996) had contributed in the debate that Computable General
Equilibrium Model (CGE) has been an aggregate economy-wide model; theoretically
based upon the Walrasian general equilibrium structure. It is suitable for environmental,
forestry and energy related issues in the context of climate change. The model is capable
of capturing the economy‟s effect of exogenous changes not limited to climate change
only. Besides, the model also looks into micro impacts on agricultural, industrial and
general institutional aspects related to economic development.
Palatnik and Roson (2009) have noted that Computable General Equilibrium
Models have been employed to capture the implications of international trade as a whole
interalia the circular flows of income and expenditure to depict inter-sectoral relations.
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There are other types of models e.g Regional Dynamic General Equilibrium (RDGE)
used by Nordhaus and Zili Yang(1996), which has been based upon the total damage or
total cost analysis. Nordhaus (1994) had developed Dynamic Integrated Model of
Climate and Economy (DICE). The model has employed cost and benefit analysis of
climate change.
One basic assumption in the realm of economic study is that all economic agents
are rational and adaptable to prevailing situations. This assumption is missing in the
RICE and DICE models. But these models i.e. AD-RICE and AD-DICE have included
this as a decision variable. (de Bruin, Dellink and Tol 2009).
A CGE Model, “Evaluating Regional and Global Effects” (MERGE) of
greenhouse gases reduction policies was developed by Manne et al. (1995). It was built
on the characteristics of the DICE and RICE but included five world regions with two
damage categories i.e. market and non-market. MERGE can calculate regional increase in
temperature and its effect on regional gross domestic product.
The “Climate Framework for Uncertainty, Negotiation and Distribution” (FUND)
by Toll (1998) model is based on the DICE model, it incorporated regional specifications
and also included interregional capital flows. The model was defined for world‟s sixteen
regions and nine key areas namely, agricultural, forestry, water resources, energy
consumption, rise sea level rise, ecosystems, human health and mortality.
Other CGE models as FARM, D-FARM, GCM etc. had been developed and used
in evaluating the climate change impact assessment. In all the above CGE models
agricultural is one part of the whole picture. There are, however, some disadvantages of
using CGE models, to assess climate change impact as listed here under:
 CGE models are considered as highly complex, requiring high skill to use them.
 they do not tolerate inconsistent data
 there are difficulties associated with selection of the model, specification of
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 parameters, and also selection of appropriate functional forms.
 they are not “forecasting” models.
Matthews and Toole (2002) have contributed by arguing that Partial Equilibrium
Methodology concentrates on a particular subsection of the economy: all other variables
are treated as exogenous to the model. Given this concentration of resources, it is possible
to model the particular subsection chosen in a much greater detail and with care than is
the case with General Equilibrium Models.
2.3.2

Partial Equilibrium Models

The Partial Equilibrium analysis available on agricultural impacts of climate change are
classified into three distinct zones: Agro-Ecological, Production Function and Ricardian.
The Agro Ecological Zoning analysis (AEZ) has also been referred to as Crop Suitability
Approach (experimental simulation).
Du Toit et. al(2001) made the point that AEZ analysis categorizes existing lands
by agro ecological zones which differed in duration of growing period and climate. The
growing period involved temperature, precipitation, soil characteristics and topography.
The changes of distribution of crop zones alongwith climate change were tracked in AEZ
models. Crop modeling and environmental matching procedures were used in
identification of crop-specific environmental limitations under various levels of inputs
and management profiles. The model gave estimates of the maximum agronomically
attainable crop yields for a given unit of land. In AEZ Model, climate is included as a
determinant of suitability of agricultural land and crop production. It can be used to
forecast the impact of changing climatic variables on potential agricultural outputs and
cropping patterns. However, as the predicted potential attainable yields from AEZ Model
have been often much larger than the actual yields, the model gave results in
overestimation of the effects of autonomous adaptation. . Cline (2007) has observed that
AEZ studies tended to attribute excessive benefits to the warming of cold high-latitude
regions, thereby overstating the global gains from climate change.
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Production Function approach to measure the impact of climate on agricultural
sector is based on an empirical or experimental function that measures the relationship
between agricultural production and climate change.
The Production Function is estimated using climatic variables e.g. temperature,
rainfall, soil texture and carbon dioxide as inputs to production. Based upon the estimated
Production Function, changes in output result in the changes in climatic variables which
are measured and analyzed at testing sites.(Kaiser et al. 1993, Oslen et al., 2000). The
estimate of changes in output caused by changes in climatic variables are aggregated to
reflect the overall countrywide impact (Olson et al., 2000) which incorporated into an
economic model to suggest the welfare impacts of output changes under the various
scenarios of climate change. (Kumar and Parikh, 1998).
This method imbibed controlled experiments where crops were grown in the field
or laboratory settings that suggested varied climates and levels of carbon dioxide for
estimating yield responses of a specific crop variety to given climate and other variables.
The resultant estimates from models are devoid of the effects of farmer‟s adaptation to
changing climate conditions. Consequently, the results tend to overstate the damages of
climate change to agricultural production (Mendelsohn and Dinar 1999).Another concern
is that the method focuses on a few types of grain crops such as rice, maize, and wheat,
and few test locations. Therefore it has limited value for generalization of the findings.
Palatnik and Rosen(2009) have opined that in PE Model there is an implicit assumption
that selected set of markets did not have effects on rest of the economy. As such, the
model took rest of the economy as exogenous. PE Model provide much detail of the
product and set of products and are flexible in representing complex agricultural policy
instruments and specific characteristics of agricultural market.

2.4

Ricardian Approach

The Ricardian Approach has been based on the observation by David Ricardo (1772 1823). It has stated that farmers maximize their profits by using land in the declining
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order of fertility i.e. climate and soil quality etc. The land with the most suitable climate
for the most profitable agricultural activity will be put to that use (Polsky, 2004).The
approach measures the climate and other factors affecting the net farm output, net
revenue or land values (Mendelsohn, Nordhaus and Shaw, 1994). As can be seen, this
cross-sectional methodology used for agricultural production is a direct measurement of
climate sensitivity. Its application is across locations besides the adaptation response by
farmers to local climate profile.
The Ricardian Function is the focus of all maximum net revenue/land values
choices across the full set of crops. It is the long run model and takes into account all
adjustments by farmers. The model measures the impact of climate on net revenue/land
value, capturing not only effects on yield but also effects on long run costs. (Mendelsohn,
2007). The method in the literature on agricultural impacts of climate change can be
classified into two basic approaches: (i) Traditional Climate Methodology (Mendelsohn,
Nordhaus and Shaw, 1994) that captures the adaptations by farmers implicitly, (ii)
Structural Ricardian Methodology that captures the adaptation explicitly by examining
irrigation, crop species choice and live stock species choice explicitly. (Kurukulasuriya
and Mendelsohn 2007; Seo and Mendelsohn 2007).
The Structural Ricardian Model is a micro econometric model wherein an agent
makes a choice from multiple alternatives in the first stage, and maximizes net revenue in
the second stage depending on the choice (Seo and Mendelsohn 2007).
The cross-sectional approach cannot estimate C0 2 fertilization but all sites around
the globe at one moment have the same C0 2 levels. The results of cross-sectional studies
should ought to be adjusted for C0 2 fertilization (Mendelsohn, 2007).

The Ricardian approach has been developed on the following hypothesis
(i)

climate change shifts the production function for crops.
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(ii)

there is perfect competition in both product and input prices.

(iii)

the land values/net revenue has attained the long run equilibrium associated
with each region‟s climate.

(iv)

market prices are unchanged as a result of changes in the climate.

(v)

adaptations take place by all means including the adaption of new crops of
farming technology.

The method is deficient to the extent that prices are taken at their constant value, and also
overestimates welfare benefit/losses of increase/decrease in global output. (Seo and
Mendelsohn, 2007).
2.4.1 Ricardian Studies
Soe and Mandelsohn (2007) using Ricadian Approach, had measured the impact of
climate change on agricultural farms of seven countries of Latin America namely
Argentina, Brazil, Chile, Colombia, Ecuador, Uruguay and Venezuela. Secondary and
micro level (district level) farm data from 2,500 surveys were collected across the seven
countries from July 2003 to June 2004. In the analysis net revenue and land value were
used as dependent variables in different models, and their results were compared. Small
and large farms, irrigated and rain fed farms were separately analyzed. Set of crops i.e.
wheat, maize, barely, rice, oats, potatoes, soybean, peanuts, sunflower, cassava, a variety
of perennial grass, cotton, tobacco , tea , coffee, cacao, sugarcane and sugar beet, a large
variety of fruits, a set of geological variables, such as, elevation , slope, texture, various
types of soil, a set of climate variables i.e. temperature, precipitation, set of live stoc k and
set of socio economic variables i.e. availability and accessibility of electricity, and
computers, gender and age of the family head were used in the analysis. The dependent
variables were net revenue and land values. Unweighted regression was being regressed
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as units of observation were farms not country7. Overall results (net revenue was taken as
dependent variable) revealed that Latin American farms were vulnerable to the climate
change. In the sever scenarios, farms could lose up to 62% of their net revenue. It also
came out that small farmers were more vulnerable to climate change as compared to the
large farmers and rural poor were affected more from climate change.
Hassan and Tadessa (2009) had applied Ricardian Approach to measure the
impact of climate change on farms in Ethiopia. A cross-sectional study of 50 districts
across the country, representing different agro-ecological zones, was undertaken. The
analysis was carried out for, 1000 households, 20 from each district. Net revenue per
hectare was taken as dependent variable. As far as independent variables, temperature
and precipitation for the four seasons (winter, summer, spring and fall), soil types, set of
crops, live stock ownership, a set of socio-economic variables i.e. education, size of
household, level of education of the household head and distance from input market were
used in the analysis. The results have indicated that climate, household, soil and socio economic variables have a significant impact on net revenue per hectare for the Ethiopian
farmers. Tadessa and Hassan (2009) also carried out the marginal analysis of climate
change for crop production in Ethopia.
Marginal analysis have showed that due to increasing temperature in summer and
decreasing in winter reduced net revenue. In spring net revenue per hectare decreases due
to increase in temperature. The magnitude of decrease in net revenue was greater than the
magnitude of increase in net revenue. Marginal increase in precipitation in winter,
summer and fall will decrease the net revenue while increase in precipitation will
increase the net revenue. The magnitude of increase in net revenue was very small than
the magnitude of decrease in the net revenue.

7

Mendelshon, Nordhaus and Shaw (1994) use weighted regression, their unit of observa tion is a country not a farm.
There is substantial variation in the number of farms in a country, a problem that does not exist in this study.
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Forecast for the future years showed that the Ethiopian farmers will face reduction in net
revenue by the year 2050-2100 under all the scenarios of special reports on emission
scenarios (SRES).
In an African Study, Seo and Mendelsohn (2008) have used applied Structural
Ricardian Approach to test the climate sensitivity on farms, and also the explicit
adaptation by farmers to choose the farm type which could maximize their profits. Micro
level farm data of 9,000 farms across ten countries at district level of African countries
were used in analysis. Variables such as soil, climate and socio economic variables were
incorporated in the study. The two stage structural Ricardian Model, first estimated the
type of farm chosen, and the conditional incomes of each farm type after removing
selection biases. The results have indicated that climate variables play an important role
in the choice of farm type i.e. increases in temperature encouraged farmers to adopt
mixed farming and avoid specialized farms such as crop only or livestock farms.
Increases in precipitation encourage farmers to shift from irrigated to rainfed crops. As
temperature increased, income from exclusive crop farms or exclusive livestock farms
had decreased, whereas income from mixed farms crops and livestock had increased.
With exclusive increase in precipitation farm income from irrigated farms fell whereas
income from rainfed farms increased.

The Structural Ricardian Model had predicted

much smaller impacts than a model that took farm type fixed. The results have also
demonstrated that farm type adaptation in African case will significantly reduce the
predicted damages due to climate change in Africa.
Eid, Marsafaway and Ouda (2006), in an Egyptian study, have employed applied
Standard Ricardian Approach to capture the economic impact of climate change on farm
net revenue. Independent variable like climate, soil, socio economic and hydrological
variables were accounted into the study to determine the factors that varied the farms net
revenue. Alongwith the Ricardian model, three other models were used. Each
representing an adaptation option that could be used to reduce harmful effects of
temperature stress. The effects of the two climate scenarios (MAGIC/SCENGEN and
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GCM) were incorporated in the analysis. The results showed that a rise in temperature
would have negative effects on farm net revenue in Egyptian case. Marginal analysis
indicated that the harmful effects of temperature were reduced by adding hydrological
data and heavy machinery for cultivation in the analysis. The results from the two climate
change scenarios showed that high temperature will constrict agricultural production in
Egyptian case.
In an African study, Seo and Mendelsohn (2008) have used Structural Ricardian
Method to test the climate sensitivity on farms, and explicit adaptation by farmers to
choose the farm type which could maximize profits. Micro level farm data of 9,000 farms
across ten African countries were used for the analysis. Soil, climate and socio economic
data were taken as variables. The Two Stage Structural Ricardian Model estimated the
type of farm chosen and income of each farm type after removing selection biases. The
results have indicated that climate variables had played an important role in choice of the
farm type i.e., increase in temperature encouraged farmers to adopt mixed farming and
avoid specialized farms i.e. crops only or livestock farms. Increases in precipitation had
encouraged farmers to shift from irrigated to rainfed crops. As temperature increased,
income from exclusive crop farms or exclusive livestock farms had decreased, whereas
income from mixed farms production had increased. With increase in precipitation, farm
income from irrigated farms decreased, and income from rainfed farms increased. The
Structural Ricardian Model predicted much smaller impacts than a model which adapted
a fixed effect. The result also demonstrated that farm type adaptation in African case will
significantly reduce the predicted damages from climate change.
Kurukulasuriya and Mendelsohn (2008) have analyzed the impact of climate
change on African cropland with Standard Ricardian cross-sectional approach. The study
covered 11 African countries where farm data at the district level for 9,500 farmers were
collected. Cluster sampling was done to conduct surveys in the chosen villages as it was
cost effective.
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The Standard Ricardian variables were used for the analysis. Net Revenue was treated as
dependent variable, and variables as socio-economic, temperature, precipitation, rainfall,
irrigation, soil type and elevation were kept independent. The researchers considered that
it was not advisable to induce monthly data of temperature and precipitation in data set
due to a high correlation between the consecutive months. Average figure of the three
months data of temperature and precipitation was used in regression. Another point that
differentiated this study from the traditional ones was that net revenue was defined
without household labor cost. The effect of household labor cost was offset by including
household size as an independent variable in regression.
The result confirmed that climate affected net revenue across the African
countries. Farms in dry land were climate sensitive. Future climate scenarios carried out
with Parallel Climate Model (PCM), Centre for Climate system research (CCSR) and
Canadian Climate Centre (CCC) revealed that as early as 2020, climate change could
have strong negative impacts on the present dry and hot lands. The net revenue accruing
from

the presently irrigated farms will likely to be the least affe cted from climate

change.
Seo and Mendelsohn (2007) have opined in the South American study that land
value per hectare was sensitive to seasonal temperature and precipitation. The study was
done wit/ Standard Ricardian Model. This empirical research was based on surveys of
2,300 farmers of seven countries. Cross-sectional data for the year 2004-05 was
collected. Land value per hectare was treated as an independent variable.
The secondary data of soil, temperature, rainfall, irrigation and precipitation were
collected. For primary data of each country, 15-30 districts were selected and 20-30
households were randomly chosen in each district. Primary data on socio -economic
variables (farm size, crops choice, labor, fertilizers pesticides for each crop, trac tors and
harvesting machinery etc. for each crop, cropwise irrigation choices and their prices)
were collected through questionnaire for selected districts for the seven South American
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countries. The cropwise data on

farming activities, both production and livestock

production,

and

irrigation

choices

prices

were

also

collected

through

questionnaires. Cluster sampling was used in these districts being cost effective.
The analysis was carried out for all crops. The most important crops were cereals
i.e. wheat, maize, barley, rice, oats, oil seeds, peanuts, sunflower, vegetables/tubercles i.e.
potatoes, cassava; and a variety of perennial grasses and cash crops, as cotton, tobacco,
tea, coffee, cocoa , sugarcane and sugar beet. The major tree/shrub crops included were a
variety of fruits and palmoil. The analysis also included the value of livestock.
The data were regressed of land values on climate and other control variables with
a chosen eccentric specification of all types of farms. To test the robustness of results,
linear and quadratic functional forms were used in the Standard Ricardian Model .OLS
technique was used for estimation.
Regression was done for all types of farms (small and large, rainfed and irrigated),
with two seasons (winter and summer) with fixed country effects. A separate regression
was carried out in respect small and large commercial farms, for rainfed and irrigated
farms respectively. The socio-economic variables and land values were kept the same for
specification (spec) test.
The first spec was a two-season model with summer and winter temperatures and
precipitation. The second spec had four seasons with spring and fall added. In the third
spec data of climate was added. The

final spec had the country added dummies in order

to test the country‟s fixed effects.
The two seasons of winter and summer spec captured the important seasonal
effects of climate as compared to the four season spec where in only a few climate co efficients were found significant. The test of interaction of summer and winter specs
showed that this interaction was not significant rather it made the regression unstable.
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The country fixed effects (country dummies) were significant (the researchers excluded
Brazil for the reason that all other countries had almost the same development stages and
public policies). It was revealed that most climate variables were significant determinants
of farmland values in South America. Small household farms were slightly more
sensitive to higher temperature than the large commercial farms .It came out that the
large commercial farms were more vulnerable to higher precipitation.
The first regression was regressed for all types of farms (small and large, rainfed
and irrigated) with two seasons i.e. winter and summer with fixed country effects.
Regression of small and large commercial farms and for rainfed and irrigated farms were
run. The researchers used the same socio-economic valuables and land values for
specification test.
The results showed that irrigated farms were two fold more vulnerable to
temperature increase by one degree Celsius than the rainfed farms, a marginal increase in
precipitation had decreased. Production on rainfed farms significantly affected but it had
little effect on irrigated farms. To overcome the interpretation of results by quadratic
functional farm, the researchers calculated commercial marginal effects of climate
change for regression of the whole sample of small household farms and the large
commercial farms.
Kurukulasuriya at .el (2006) had analyzed the determinants of net farm revenues
including climate change of diverse climate zones of 11 countries of Africa. In African
countries, farmers have a combination of irrigated crops, dry land crops and livestock. A
net revenue was treated as a dependent variable, soil types, climate, hydrological and
socio-economic variables being independent variables.

Net revenue was defined as gross revenue minus cost of transport, storage, hired
labor (valued at the market wage rate), farm tools (files, axes, matches etc), heavy
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machinery, fertilizers, pesticides and post harvest losses. Standard Ricardian approach
with cross-sectional data set was applied for estimation.

A Ricardian regression model was used to estimate the three revenue sources
separately, i.e irrigated crops, dry land crops, and livestock. All three Ricardian models
used the same definition of climate. Moreover, seasonal variations were also incorporated
in the model. The 11 countries in this study were selected across the diverse climate
zones of Africa. Within each country, districts were selected to measure representative
farms across diverse agro-climatic conditions. 30 to 60 districts were sampled in each
country.The study included long term climate, satellite temperature data (1988 -2003) and
ground station precipitation data (1977-2000) for the analysis. The difference in time
period for temperature and climate data might be a problem for measuring variance or
higher moments of the climate distribution. It should not, however, affect the use of the
mean distribution. For the hydrology data, potential monthly long term streams flow for
each district were estimated by using climate data and local topography.

Three principal hypotheses were explored. First, African net farm revenues were
sensitive to climate. Second, irrigated and dry land crops had different responses to
climate. Third, crops and livestock had different climate response functions.
The results confirmed for the that 11 African countries agricultural sectors were very
sensitive to climate change. African dry land farms had adapted to local conditions, net
revenues would fall with more warming or drying. Dry land crop and livestock farmers
were more vulnerable with temperature elasticites of -1.9 and -5.4 respectively.

Irrigated cropland had benefited from warming as irrigation mutes climate impacts. Also
these farms were located in relatively cool areas of Africa. Net effect of soaring
temperature on African farmlands became harmful steadily. Dryland farming was more
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vulnerable to warming throughout the sub Saharan Africa. The overall results showed
that African farms will be hit hard by severe climate scenarios.

Mariara and Karanja (2007) had used Land Climate Hedonic Price Method
/seasonal Ricandian Approach to analyze the real and potential impacts of climate change
on agricultural sector in Kenya. Crosssection data of the variables i.e.

climate,

hydrological, soil and household (socio-economic variables) were used in the analysis.

Depending upon the moisture mixer index (annual rainfall was expressed as a
percentage of potential evaporation), Kenya was divided into seven agro-climate zones.
To measure the adaptation and perception of the farmers from climate change, household
data at the district level was collected from eight provinces. Each district was divided into
agro-ecological zones (for selective samples of three different farm type/sizes: large,
medium and small).

The climate data was obtained from satellite and grid stations in respect of
temperature, soil wetness indices and precipitation and rainfall. Fourteen years monthly
climate data from 1998 to 2003 was used to obtain the long term climate change impacts.
Monthly run off and flow based on monthly values from 1961 to 1990 was used for
hydrological data. Six key types of soil data were used in the analysis.

For the household data, all total valuables cost i.e cost of hired labor, farm tools,
machinery, fertilizers and pesticides were deducted from gross revenue. Due to difficulty
in accurate estimation of the value of household labor, it was not included in the analysis.
The quadratic formulation for temperature and precipitation showed the non-linear shape
of the response function between net revenue and climate.
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The results showed that climate exhibited a non-linear relationship with net revenue.
There was a hill-shaped relationship between mean flow and net crop revenue. Andosols
(by soil type), irrigation and household size were positively correlated with crop revenue.
Wage rates, farm size and livestock ownership were inversely correlated with net
revenue.

In the overall, climate change affected agricultural productivity. Increased

winter temperatures were associated with higher crop revenue, whereas increased
summer temperatures had a negative impact. Increased precipitation was positively
correlated with net yield.

The estimates of marginal impacts of climate variables suggested that global
warming was harmful for agricultural production and changes in temperature were much
more important than changes in precipitation.

For making future forecast, Global Circulation Models (GCM), the Canadian Climate
Model (CCM) and the Geophysical Fluid Dynamics Laboratory (GEDL) Models were
used. The models predicted a 3.5 0 C and 4 0C change in the temperature respectively by
the year 2030 and a 20% change in precipitation over the same period. As far the
farmers‟ perceptions and adaptations for climatic variations,

the result showed that

farmers were aware of short term climate change and had taken adaptive measures.

Xiubinl, Fischer and Sun (2004) , a study for China, had provided the first
regionally detailed estimates of the economic impact of climate change on agricultural in
China. They used country level agricultural, climate and socio economic adaptive data for
1,275 agricultural dominated counties of thirty provinces for the year 1985 -91.
Net revenue per MU (1 Hecter = 15MU) was used as dependent variable. Soil
types, slope, elevation climate data, and distance to market, social and economic data
were used as independent variables. There was a large share of non-hired labor without
its price. Therefore, cost which was removed from the net income and considered as
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independent variable in the Hedonic /Ricardian climate change regression. Agricultural
output of each county in the different years was modified by price index of gross output
value of agricultural production, as inflation rate was very high in China in the late 80s.
In order to reduce the impact of non-cropping in net revenue factors like forestry,
fishery and livestock raising, climate effects

on grains, ( the counties in which the

available land area was less than 25% of the total macro agricultural area -total area of
available land, forest land, grass land and water area), were removed from the analysis.
The regression analysis showed that the overall Chinese climate was not vulnerable to
climate change.
Trimmed regression analysis showed that climate variables (squared terms) were
significant and observed relationship (net revenue and climate variables) was non-linear ,
social economic variables were also significant. Agricultural labor had a positive impact
on net revenue. The characteristics of soil and slope of farm in China, the distance to
market was less than 509km and the elevation was lower than 1742m, it showed that
farther the market or higher the elevation decreased the value of land in China.
For simulation of the impacts, the temperature and precipitation for each grid (0.5 0
X 0.5 0) were calculated relying on GCMS. Thereafter, the grid data was translated into
average temperature and precipitation for each county. This was done to link the climate
data with agricultural data at the county level.
The results showed that there was a significant seasonal variation in both temper ature and
precipitation effects. Spatial variation showed that the spring effect was the most positive.
Most of the future climate scenarios showed that climate change will have an overall
positive impact on China‟s agricultural sector.
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2.5

Hedonic Price Method

2.5.1

Supplementary and Complementary Characteristics of Land Climate Hedonic Price
Method and Ricardian Approach

The basic concept of Ricardian approach is that land values and agricultural practices are
correlated with climate or to say environment variables.
Schlenker et.al (2006) has opined that the Ricardian approach is a hedonic method of
farmland pricing that assumes the value of a tract of land equals the discounted value of
the stream of future rents or profits that can be derived from it.
Economic theory says that consumer will buy different goods for obtaining utility.
Hedonic approach has gone to suggest that it is not only product per se but its
characteristics that provide utility. Therefore, the total amount of utility a consumer
derives from the purchase of product is dependent upon the total amount of product
characteristics. For equilibrium, the price paid by the consumer should be equal to the
sum of product characteristics marginal monetary values.
Generally, the property value model has suggested that environmental attributes
e.g. air and water quality affect the overall property prices. Hedonic relation has arisen
due to heterogeneity in the quality attributes of different properties. The standard hedonic
price model is based on the analysis of a cross-section of housing price at a point in time.
The repeated sales model is a variant of time of the hedonic price model that exploits a
time series of sale prices of a house which structural characteristics have not changed
over time. Palmquist (1982) developed the repeated sales model which has simplified the
specification and estimation as characteristics that do not change can be omitted from the
regression equation.
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2.5.2

Land Climate Hedonic Price Method

Rosen (1974) has suggested that hedonic relation will arise due to the heterogeneity in
quality of the attributes of the goods. Agricultural land prices are dependent upon factors
that

determine

agricultural

productivity

i.e.

climate

(max, min temperatures,

precipitations, solar radiation etc.), soil quality and slope (flat vs hilly). (Kolstad, 2000).
Goulder and Pizer (2006) have opined that “applied to agricultural, the hedonic approach
has aimed to embrace a wider range of substitution options, employing cross -section data
to examine how geographical, physical and climate variables have been related prices of
agricultural land.
From the discussion of Ricardian approach and Hedonic Method, it may or should not be
construed that the two models overlap each other. As Ricardian approach is based upon
Hedonic Method, they supplement and complement.
2.5.3

Land Climate Hedonic Price Studies/Ricardian Hedonic Studies

Mandelshon et.al. (1994) have introduced hedonic agricultural land climate price to link
land value to land characteristics including climate factors. By regressing the per acre
annual value for cropland, pasture and grazing for counties across the United States on
climate and other control variables, they found that there is a quadratic relationship
between farm land and climate variables.
In a subsequent paper Mandelshon et.al. (1996) have further expanded the method
by using aggregate farm value per acre in a county. The result indicated that climate
change not only affects the value of existing farms but also the probability that land
would be farmed in the years coming ahead.
Maddison (2000) employed the Hedonic Land Climate Price Method to estimate
the marginal value of various farmland characteristics in England and Wales. His
findings have revealed that climate, soil quality, and elevation, in addition to the
structural attributes of farmland, were significant determinants of farmland prices.
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Reinsborough (2003) had opined that climate change effects will be negligible for the
Canadian agricultural sector. Some economists have prediction that the potential benefits
of climate change lie in shifting from temperature to tropical crops with climate change.
According to Reinsborough (2002), “this might be able to moderate negative effects in
Canada. However, it did not appear to induce dramatic increase in farmland value or
farm revenues.
The study had incorporated

the socio-economic variables (1996 Census of

Canada), and farm variables (agricultural census, 1996). Soil classification, climatic data
were obtained from National Ecological framework.
Global Information System (GIS) software “Arc Info” was used for ecological
data (district level), and weightage was

done of each eco district fell which within the

each agricultural Census Division and ecological values calculated for the 267 Census
Divisions. In case of missing data for one or more variables for ecological district (16 of
1,022), the data from neighboring ecological districts were assigned.
Time series data from 1961-90 was used for econometric analysis. Monthly
climatic normals (temperature and precipitation) were used as climate changes had longer
term trends rather than short-term variations. The relationship between climate and
agricultural was estimated with farm value as dependent variable. The linear terms
represented the marginal value of climate. The Canadian means was represented by the
linear terms and the quadratic mean reflected the marginal effects as one moved away
from the mean.

Whit‟s heteroscedasticity consistent estimators were used being the

robust standards error. .
Socio-economic variables were chosen to reflect the potential of land in alternate
uses. Income per capita as indicator of being wealthy and population density (and its
square term) captured the urban/rural characteristics. Migration reflected the growing
areas or areas in decline which would affect land value and also its future use.
48

The environmental variable namley latitude showed the nearness of an area as well as it
provided a proxy for the length of day. Solar radiation was also included as an important
determinant of farm returns. The clay and sand contents were included as rough proxies
for soil quality. Irrigation was included in the original analysis but omitted, as it was
deemed an endangered variable with insignificant effect on the resultant value. The result
showed that there were minor positive benefits from climate change within wide
uncertainty for the Canadian agricultural sector.
Weber and Hauer (2003) have found that Candian agricultural landowner could
gain substantially as a result of climate change. By regressing per acre annual land rental
on climate and other non climate variables, they found that Canadian agricultural will be
benefited from climate change by a $5.24 billion increase in annual GDP.
Polsky (2004) has discussed that Ricardian climate sensitivity analyses should
employ spatial effects and temporal changes. He applied Ricardian Hedonic approach by
taking per acre annual agricultural land price as dependent variable. The model used by
Polsky reflected time specific contingencies as well as space characteristics. From the
model came out the concept of spatial economics of a geographical variables i.e. per acre
land price. The value of land will be determined not only by the local conditions but also
by conditions of the geographical neighbours. Polsky(2004)

had used six spatial

econometric models to explore human-environment relationship associated with climate
sensitivities had varied over space and time in the U.S Great Plains for the time period
1969-1992.
Lippert. Kirmly and Aurbacher(2008) has applied Hedonic Land Climate Price
Method/ Ricadian Approach to evaluate the impact of climate change on Agricultural
sector in Germany. Historic climate data for 1961-1990 in respect of land rental,
utilizable agricultural area and share of grassland were used in the analysis. In order to
make projections A1B scenario of IPCC was used. The result has shown significant
dependencies between climate factors and land rental. Land rental is positively significant
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with rising temperature and precipitation. Projection for the years 2011 -2040 showed that
a moderate climate change (rise) could increase in land rental.
2.6 Conclusion
This chapter has presented a review of the literature related to assessment the economic
impact of global and local climate change. The literature reviews have highlighted the
appropriateness of Land Climate Hedonic Price Method/ Ricardian Approach in
evaluating the economic impact of climate change on agricultural sector.

The Land

Climate Hedonic Price Model/Ricardian Approach can be safely employed to examine
the impact of climate change on agriculture by quantifying the relationship between
farmland price and other climate and non-climate factors. From the discussion of
Ricardian approach and Hedonic Method, it may or should not be construed that the two
models overlap each other. As Ricardian approach is based upon Hedonic Method, they
supplement and complement each other. Using this review, Chapter two will highlight
geography, climate history and future projections for Pakistan. Vulnerability of
agricultural sector to climatic change is also discussed.
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2.7 Summary of Relevant Research Studies
Table 2.1:

“Ricardian Analysis of the Impact of Climatic Change on African

Cropland (Kurukulasurya and Mendelsohn, 2008)”
Author/Authors:

Primary Data
Variables

Secondary Data
Variables

Estimation
Technique

Household

Soil, Climate, and
Hydrological

OLS

Kurukulasurya
and Mendelsohn

Year: 2008
(Cross Section
Approach)
Major Findings

“Climate affects the net revenue. Dry land farmers more climate
sensitive. Future climate scenarios PCM, CCSR and CCC reveal
that by 2020, climate change could have strong negative impacts
on present dry and hot locations. Little effect on crop revenues
of presently irrigated farms.” (Kurukulasurya and Mendelsohn,
2008).
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Table 2.2: “Ricardian Analysis of the Impact of Climate Change on Latin
American Farms (Seo and Mendelsohn, 2007)”

Author/Authors:
Seo

Primary Data

and Variables

Mendelsohn

Household

Secondary Data
Variables

Estimation
Technique

Soil, Climate, and
Hydrological

OLS

Year: 2007
Cross Sectional
Approach
Major Findings

“Small households‟ farms are slightly more sensitive to higher
temperature than large commercial farms. Higher precipitation
more valuable to large farms. Irrigated farms are two-fold more
valuable to temperature increase by 1 0C than rainfall farms. A
marginal increase in precipitation decreases value significantly
of rain-fed farms, but had little impact on irrigated farms.”
(Seo and Mendelsohn, 2007) .

52

Table 2.3: “Ricardian Model of Climate Change in Canada (Reinsborough, 2003)

Author/Authors:

Primary Data

Michelle J.
Reinsborough

Variables

Year: 2003

N.A

Secondary Data
Variables

Estimation
Technique

Socio-economic,
Soil. Climate, Solar
radiation and
Hydrological.

Weighted
regression. Whit‟s
heteroscedasticity
consistent
estimators are
used to provide
robust standard
error.

1960-1991
Panel data
Major Findings

“Minor positive benefits from climate changes within wide
uncertainty for Canadian agriculture.” (Reinsborough, 2003).
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Table 2.4: “Will African Agriculture Survive Climate Change? (kurukulasuriya.at.el.,
2006)
Author/Authors:

Primary Data
Variables

kurukulasuriya.at.el.

Household/Farm

Secondary Data
Variables

Estimation
Technique

Soil, Climate, and
Hydrological

OLS

Year: 2006
Cross Section
Major Findings

“Little benefit to irrigated croplands from marginal warming
as irrigation mutes climate impacts and because these farms
are present located in relatively cool places. Net effect of
soaring temperature on African farmlands turns harmful
steadily. Dryland farms are more vulnerable to warming
throughout sub Saharan Africa. Overall results show that
African farms will be hit hard by severe climate scenarios.”
(kurukulasuriya.at.el.).
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Table 2.5: “The Economic Impact of Climate Change on Kenyan Crop
Agriculture: A Ricardian Approach (Mariara and Karanja, 2007)”

Author/Authors:

Primary Data

Mariara and
karanja

Variables
Household/Farm

Secondary Data
Variables

Estimation
Technique

Soil, Climate, and
Hydrological

OLS

Year: 2007
Cross Section
Major Findings

“Climate exhibits a non-linear relationship with net revenue as
expected. Hill-shaped relationship between mean flow and net
crop revenue. Overall, climate change affects agriculture
productivity. Increased winter temperatures bring higher crop
revenue. Increase in summer temperatures have a negative
impact. Increase in precipitation is positively correlated with net
yield.
Marginal impacts of climate variables suggest that global
warming is harmful for agricultural productivity and effect of
changes in temperature are more dominant than changes in
precipitation.
For future forecasting, Global Circulation Models (GCM), the
Canadian Climate Model (CCM) and the Geophysical Fluid
Dynamics Laboratory (GEDL) models predict a 3.5 0C and 4 0 C
change in temperature respectively, and 20% change in
precipitation by 2030. As far as farmers‟ perceptions and
adaptations for climatic variations farmers are aware of short-term
climate change. A few have taken adaptive measures”. (Mariara
and Karanja, 2007).
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Table 2.6: “Study on the Impacts of Climate Change on China’s Agriculture
(Xiubinl, Fischer and Sun, 2004)”

Author/Authors:

Primary Data

Xiubinl, Fischer
and Sun

Variables

Year: 2004
Panel data

Major Findings

N.A*

Secondary Data
Variables

Estimation
Technique

Socio-economic,
Soil. Climate , Solar
Radiation and
Hydrological

Trimmed, Stepwise
and Spatial regression.

“Future climate scenarios show that climate change will have, on
the overall, positive impact on China‟s agriculture. Regression
analysis shows that overall Chinese climate is not vulnerable to
climate change. Trimmed regression analysis shows that climate
variables (squared terms) are significant and observed relationship
(net revenue and climate variables) is non-linear. Social economic
variables, are also significant. Agriculture labor has a positive
impact on net revenue. The characteristics of soil and farm‟s
gradient, the distance to market is less than 509km and elevation
lower than 1742m, show that farther the market or higher the
elevation decrease the land value.
56

For simulation of impacts, firstly, the temperature and precipitation
for each grid (0.5 0 X 0.5 0) are calculated relying on GCMS. Then
the grid data are translated into average temperature and
precipitation for each county in order to link climate data with
agriculture data at the country level.”(Xiuubinl, Fischer and Sun,
2004).

* Not Applicable

Table 2.7: “The Impact of Climate Change on Canadian Agriculture:
A Ricardian Approach (Amiraslany, 2010)”

Author/Authors:
Amiraslany

Primary
Data

Secondary Data
Variables

Variables
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Estimation
Technique

N.A
Year: 2010
Panel Data

Major Findings

Average land price as
dependent variable.
Climate, population
density, per capita
income, soil, market
prices, evapotranspiration
, and snow-fall as
independent variables.

OLS
Panel Two Way
Fixed Effects.

“Climate sensitive Agriculture is with climate variables. Direct
and positive relationship observed among land values and water
related climate variables.
Besides, study of market prices also carried out. Two area
response functions for wheat and canola were studied”
(Amiraslany, 2010).
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Table 2.8: “Putting Space and Time in Ricardian Climate Change Impact Studies :
Agriculture in the U.S. Great Plains, (1969-1992), (Polsky, 2004)”

Author/Authors:
Polsky
Year: 2004
Panel Data

Primary
Data

Secondary Data
Variables

Estimation
Technique

Average land price as
dependent variable.

OLS and Spatial
econometric models.

Variables
N.A

Precipitation, growing
degree days, population
density, per capita
income, sand in soil and
irrigation, independent
variables.
Major Findings

“From study came out the concept of spatial econometrics of
geographical variable i.e. per acre land price. Value of land
determined not by local conditions only but also by geographical
neighbors. Polsky used six spatial econometric models to explore
human-environment relationship vis-a-vis climate sensitivities
varied over space and time in the U.S Great Plains for the period
1969-1992”.(Polsky, 2004).
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CLIMATE CHANGE AND PAKISTAN
3.1

Introduction

This chapter describes the geography, climate change of Pakistan, its status as GHG
emitter, past and future climatic change observations at the country level and province
wise history of climate normals. Also describes the vulnerability of agricultural sector to
climate change. Climate history and future climate projections, trends of mean maximum,
mean minimum and mean precipitation have been taken from Technical Report No.
PMP-22/2009, with the courtesy of Pakistan Metrological Department. Also described in
this chapter is the link with chapter four.
3.2

Geography of Pakistan

Pakistan has a strategic location in South Asia. The country has been gifted with a
spectacular landscape stretching from Arabian Sea in the south to the world‟s magnificent
mountain ranges of Himalays in the north. In the east lies India, Iran and Afghanistan on
the west, and China in the north. Pakistan stretches from 61 0-78 0 N and 23.6 0 -380 0 E like
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a rectangular mass extending northeast to southeast. Its area is 796,096 square kilomete rs.
Pakistan has varied terrain with flat Indus plains, deserts in the east; mountains in the
north and northwest; Balochistan Plateau in the west. The surface elevation ranges
from 0m, the Arabian Sea, to 8,611 m. The world‟s second highest mountain K2 Mount
Godwin-Austin is in the north east. The total cultivable land is estimated at
approximately 27.87 per cent with permanent crop cover of 0.8 per cent and others at
71.26 per cent. Of the country‟s total area 24 per cent is cultivated, of which 80 pe r cent
is irrigated. Forests and grazing land are 4 per cent, about 31 per cent is not suitable for
agricultural and about 2 per cent is under cover. (Climate change Indicators of Pakistan,
2009)
3.3

Climate Change in Pakistan

The phenomenon of Greenhouse Gases (GHG) has been going on ever since the universe
came into being. The Earth‟s average temperature is a cause and effect of Greenhouse
Gases emission. The Industrial Revolution, anthropogenic activities namely, power
generation from fossil fuels and deforestation activities have been continuously
increasing the atmospheric concentration of GHGs beyond their natural limits. These
have resulted in an enhanced greenhouse effect, vis-à-vis, an increase in global
temperature. It will be worth mentioning that there is no country in the world which is
immune to GHGs including Pakistan.
Pakistan vulnerability to climate change is comparatively more due to its warmer
climate as it is situated in a region where the occurrence of temperature increases are
expected to be higher than the global averages. Its land area is mostly arid and semi-arid.
About 60 per cent of the area receives less than 250 mm rainfall annually and 24 per cent
receives 250-500 mm. Its rivers are predominantly fed by the Hindu Kush KarakoramHimalayan glaciers which are reported to be receding quickly due to global warming.
Pakistan economy is largely agrarian and hence highly sensitive to climate. Due to larger
risk of variability in monsoon rains, floods and extended droughts are experience d.
61

Accounting for all these factors, the water security, the food security and energy
security in Pakistan are under serious threat. ( Final Report, Task force on Climate
Change, 2010).
3.4

Pakistan’s Status as a GHG Emitter

In the year 2008, Pakistans total GHGs emission were 309 million tons (mt) of carbon
dioxide (C0 2) equivalent, comprising about 54 per cent C0 2, 36 per cent methane,
9 per cent nitrous oxide and one per cent other gases. The biggest contributor is the
energy sector with 50 per cent, followed by agricultural 39 per cent, industrial processes
6 per cent

and other activities 5 per cent(Final Report, Task Force on Climate

Change,2010)
Table 3.1: Comparison of different countries on the basis of their per capita energy
consumption, per capita CO2 emission from fuel combustion and ratio of CO 2
emission from fuel combustion to energy consumption (2004)
Country/Region

Per Capita Energy Per
Consumption

Capita

CO2 CO2

Emission

Emission(tCO2 /capita) Per Unit Energy
Consumption

(toe/capita)

(tCO2/toe)
World

1.77

4.18

2.37

South Asia

7.91

19.73

2.49

OECD

4.73

11.09

2.34

China

1.25

3.66

2.93

India

0.53

1.02

2.40

Pakistan

0.49

0.76

1.56
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Bangladesh

0.16

0.24

1.47

Source: Final Report, Task Force on climate Change, 2010
The total GHG emission of Pakistan in FY 1994, as reported in the Initial
Communication (INC) to UNFCCC were 181.7 million tons of CO 2 equivalent. These
are estimated to have increased to 309.4 million tons of CO 2 equivalent by 2008 . The
sectoral breakup for the two years 1994 and 2008 are shown in Table 3.2.

Table 3.2: Inventories of Greenhouse Gases in 1994 and 2008
1994

2008

AAGR
(%)

Total GHG emission (Million tones of 181.7
CO2 equivalent)

309.4

3.9

Total
GHG
emission
capita(Kilogram of CO2 equivalent)

per 1541

1922

1.6

Total GHG emission per 1000 US$ of 2209
year 2008 (kilogram of CO2 equivalent)

1942

-0.9

Description
GHG emission from All Sectors

GHG emission from Fuel Sector Only
Total Emission GHG emission from Fuel
Combustion Activities (million tons of
CO2 equivalent)

78.9

152.1

4.8

Total GHG emission per capita from
Fuel Combustion Activities (kilogram of
CO2 equivalent

669

945

2.5

Total GHG emission from Fuel
Combustion Activities per 1000 US$ of
year 2008 (kilogram of CO2 equivalent)

959

955

Population Growth and Gross Domestic Product (GDP)
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-

Population (Million)

117.9

161.0

2.2

GDP (Billion US$ in 2007-08 prices)

82.3

159.3

4.8

Source: Final Report, Task Force on climate Change, 2010
3.5

Past and Future Climatic Change Observations in Pakistan

3.5.1 Observed Trends
The studies conducted by Global Change Impact Studies Center (GCISC 2009) and
Pakistan Meteorological Department (PMD 2009) have revealed the following trends in
annual patterns of temperature and precipitation over the last century, and seasonal
patterns of temperature and precipitation over the 50 year period 1951 -2000:
3.6

Temperature

The area averaged mean annual temperature over Pakistan has increased by 0.57 0C over
the period 1901-2000.
 the slope of the mean annual temperature over Pakistan during the 48 years period
1960-2007 was about 0.2 0C per decade as compared to 0.06 0 C per decade during
100 years period 1901-2000, reflecting a much increased rate of warming in
recent years.
 during the period 1901-2000, the increase in mean annual temperature in
the northern part of Pakistan was higher for the country as a whole (0.8 0 C versus
0.6 0 C).
 summer temperature (both mean and maximum) have increased in all parts of
Pakistan during 1951-2000.
 during 1951 – 2000 Balochistan Plateau became warmer in all the seasons.
 monsoon temperature (both maximum and minimum) have dropped all over
Pakistan during 1951-2000 except in Balochistan Plateau.
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 during 1951-2000, Great Himalyan region (sizeable glaciers feeding the Indus
River System) had a warming trend on annual basis as well as in all seasons
except the monsoon season.
3.7

Precipitation

The area averaged mean annual precipitation over Pakistan has increased by 25 per cent
during the last century.
 an increase in the intensity of precipitation has been observed over most areas of
Pakistan during 1965-2000.
 monsoon precipitation have increased everywhere except coastal regions (where
there was a significant drop) and the western Balochistan Plateau during 1951 2000.
 during 1951 - 2000 winter rains increased by 26-57 per cent in sub-Mountain,
central and southern Punjab, and north-eastern Balochistan, and decreased by
13-20 per cent in Sindh and western Balochistan.
 the Greater Himalayas region experienced the highest growth in monsoon
precipitation (86 per cent) and a nominal decrease of 2 per cent in winter
precipitation during 1951-2000.

3.8

Atmospheric Temperature Indicators in Pakistan

3.8.1

Long Term Mean Annual Temperature Anomaly

Fig. 3.1 shows the air temperature anomaly for Pakistan, based on the calculation of
annual anomaly for each grid point. The data is plotted alongside the 10 years moving
average of Global temperature anomaly calculated from the CRU data.
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The global trend shows the warming of 0.6 0C in the 20 th century. This warming is
not linear, with greatest warming being observed since mid 1970s. The global data shows
warming from 1910 to 1945, slight cooling upto mid 1970s and again warming, more
than the previous episode continued upto the end of data series.
Pakistan temperature anomalies show a greater international variability, but it
follows the trend in-step with Global temperature anomalies. Pakistan warmest year
occurred in 1941 according to CRU data, while 1998 was the warmest year in the
Global record.
The record of Pakistan shows warming trend from 1901 to 1937. This warming is
non-significant. From 1938 to 1948, there is a sharp increase, thereafter a cooling trend
upto 1970. Later, the temperatures remained normal with small cycles of warming upto
1970. Thereafter, the temperature remained normal with small cycles of warming upto
1998. From 1998 the temperatures again began to raise continuously upto the latest
records available with Pakistan Metrological Department (PMD).

Fig 3.1 : Global and Pakistan Air Temperature Anomaly

66

Source: Pakistan Metrological Department, Technical Report No. PMD 22/2009
In Pakistan, the temperature has increased in the last century at the rate 0.057 0C per
decade. The total change in air temperature was 0.57 0 C from 1901 to 2000. The warming
signal was significant at 99 per cent level. The rate of warming from 1938 to 1948 was
0.2 0C per decade, while the recent rate of warming since 1998 was higher than 0.2 0C per
decade as per the data records of PMD. There was a cooling trend from 1949 to 1970
which was non-significant; thereafter the warming shot-up.
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3.8.2 Mean Temperature, Mean Maximum and Mean Minimum
3.8.3 Mean Annual Temperature
Fig. 3.2 depicts the area-weighted mean annual temperatures of Pakistan from 1960 –
2007, calculated from 38 synoptic stations of PMD across the country. The anomaly was
plotted along with 10 years moving average of anomalies obtained from CRU data, as
described earlier. The time series from both observed data sets have correlation of ~ 0.9
for the period 1960 – 2000. As seen the decadal averages of both the data sets follow the
cycles of warming and cooling in the same years.
Fig 3.2 Area –Weighted Mean Annual Temperature Over Pakistan

Source: Pakistan Metrological Department, Technical Report No. PMD 22/2009
According to PMD observed data the mean annual temperatures over Pakistan have been
lesser than that of CRU observed data. The data has showed a significant rise in mean
temperature from 1998. The mean temperatures have risen at the rate 0.099 0C per decade
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from 1960 - 2007 resulting in total change of 0.47 0C, which is significant at 95 per cent
level. The warmest year in Pakistan, recorded by PMD, was 1988 and the second
warmest in 2002. There was a drastic rise in temperatures in the last decade. Mean
temperature anomaly rose to 0.8 0 C and then it started down ward trend in the last five
years. The average anomaly (1961 - 1990) normal in the last decade remained 0.4 0C.
There has been a warming trend in mean temperatures of Balochistan, Punjab and
Sindh provinces in the period 1960 – 2007, significant at 95 per cent level. The total
change

in the period was 1.15 0C, 0.56 0C and 0.44 0C respectively. A non-significant

change, though trend was rising, as observed in Azad Kashmir, FANA and NWFP. The
total change was observed to be 0.3 0C, 0.16 0C and 0.15 0C respectively.
Table 3.3 Change in Area-Weighted Annual Mean Temperature ( 0C)
SSr.No

Area

1970-2007

01

Balochistan

1.15±0.25

02

NWFP

0.15±0.24

03

Punajb

0.56±0.25

04

Sindh

0.44±0.20

05

Azad Kashmir

0.30±0.27

06

FANA

0.16±0.27

07

Pakistan

0.47±0.21

Source: Pakistan Metrological Department, Technical Report N0.PMD 22/200

3.8.4 Mean Maximum Temperature
Fig. 3.3 depicts the area-weighted annual mean maximum temperature anomaly in
Pakistan calculated from the observed data of 40 stations across the country. The data
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period is from 1969 - 2007. Ten years moving average was plotted alongwith the
anomaly.
The rise in maximum temperature were clearly seen. The air had been warming at
the rate of 0.18 0C per decade and the total change was 0.85 0C over the period 1969 2007.

This change was significant at 99 per cent level. There was no significant change

from start of the series upto 1997, but later that the warming increased very rapidly at the
rate 0.36 0C per decade, and so was the rise in maximum temperature in the last decade.
All the provinces of Pakistan have experienced rise in mean maximum
temperature from 1969 – 2007 which is significant at 99 per cent level except Sindh and
Punjab. The linear trend ranged from 0 – 0.23 0C per decade. The largest change occurred
in NWFP and the

smallest in Punjab. It had been observed that increase in annual

maximum temperature was higher in Balochistan, NWFP, Federally Administered
Northern Areas (FANA) and Azad Kashmir. This increase was 1.10 0C, 0.96 0C, 0.91 C
and 0.82 0C C, respectively for the period 1960 – 2007 as depicted in Fig. 3.3. In Punjab
during 1960-2007, there was statistically non-significant rise of 0.35 0C in maximum
temperature, in Sindh

slightly decreasing (almost zero) change in annual maximum

temperature.
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Fig 3.3 Area-Weighted Annual Maximum Temperatures Anomaly over Pakistan

Source: Pakistan Metrological Department, Technical Report N0.PMD 22/2009
Area-weighted annual maximum temperature had been calculated for four stations,
Bahawalpur, Faisalabad, Lahore and Sialkot for which data was available since 1931. It
was revealed that there was a decreasing trend at all the four stations. The stations were
placed in the order that a station with highest decrease is first and with lowest decrease at
the end, as Sialkot, Lahore, Faisalabad and Bahawalpur. A decreasing trend had
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been observed in the Punjab province for the period 1931 – 2007, which is significant at
99 per cent level. The total decrease in this period was 0.95 0C.
Maximum Temperature records since 1931 were also available for six stations of Sindh.
It revealed that the maximum temperatures trend for Sindh was decreasing for the period
1931 – 2007. This trend was non-significant, as was for the period 1960 – 2007. Total
decrease in this period was 0.16 0C. It was observed that three stations had decreasing
trends of maximum temperature. The largest decreasing trend was at Badin followed by
Jacobabad and Hyderabad. The coastal station Karachi had increasing maximum
temperature trends. Rohri and Chhore had slightly increasing non-significant trends for
the period 1931 – 2007.
In NWFP, the annual maximum temperatures depicted a rising trend with
significant at 99 per cent level for the period 1931 – 2007 where the total increase was
0.6 0C. This analysis was based on the data of four stations, Drosh, Peshawar, Parachinar
and Dera Ismail Khan (DIK). The largest increase had been observed at Drosh followed
by Peshawar. DIK had a decreasing trend. Parachinar also had a decreasing trend but
non-significant for the period under reference.
In Balochistan, the long term mean maximum temperature series revealed that
there had been warming in the province at the rate 0.2 0C per decade. The total increase
in the period under study was 1.2 0C. Data records of four stations; Dalbandin, Panjgur,
Pasni and Sibbi were available with PMD. Increasing trends of maximum temperatures
had been observed at all the four stations. The stations were placed in an order that
station with highest increase was at first and with lowest increase at the end as Dalbandin,
Pasni coastal station, Sibbi and Panjgur.
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Table 3.4 Change in Annual Minimum Temperature
Change in Area-Weighted Annual Maximum Temperature ( 0C)
Sr.
No
01
02
03
04
05
06

Area

1931-2007

1970-2007

Balochistan

1.22±0.28

1.10±+0.29

NWFP

0.61±0.30

0.96±0.31

Punajb

-0.95±0.28

*

-0.02±0.27

Sindh

*

*

0.35±0.25

Azad Kashmir

NA

0.85±0.30

FANA

NA

0.91±0.33

-0.16±0.23

07

*
Pakistann
0.12±0.24
0.87±0.26
Source: Pakistan Metrological Department, Technical Report N0.PMD 22/2009

From the above discussion, had come out that some significant changes in the areaweighted maximum temperature have been observed. The analysis of both long and short
data sets revealed a decreasing trends of maximum temperature in Punjab, increasing
trends in NWFP and Balochistan. A non-significant increasing trend of maximum
temperature in Sindh from 1960–2007.
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Frequency of extreme maximum temperature events had also been calculated.
Eighteen stations had been taken for which daily time series of maximum temperature
was available since 1960. For these stations, TX90P i.e. per centage of days in a year
when maximum temperature was more than 90 th per centile, had been calculated. It
revealed

that the frequency of warm days had been increasing significantly in north

Pakistan. Three stations of Balochistan had shown an increase of 4 – 16 days per decade.
Hyderabad in Sindh had shown a decrease of 4 days in the frequency of warm days. Most
of the stations in Punjab had shown non-significant change in the warm days.
3.8.5 Mean Minimum Temperature
The general pattern of area-weighted mean minimum temperature was similar to the
maximum temperature with rapid increase since 1998. The rate of rise in annual
minimum temperature during 1960 – 2007 was 0.10 0C per decade; a total rise of 0.5 0C
at the country level. This rise was significant at 95per cent level. Fig. 3.4 shows that there
were small episodes of warming and cooling since the start of the series upto 1998.
Thereafter a sharp increase in annual minimum temperatures and decadal average of
annual minimum temperature rose to 0.75 0C. It was observed from Fig. 3.2 that the
annual maximum temperature increased in the first five years and started to drop in the
last five years of the last decade. The annual minimum temperatures continued to rise
throughout the last decade.
Fig 3.4 Area Weighted Annual Minimum Temperatures Anomaly over Pakistan
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Source: Pakistan Metrological Department, Technical Report N0.PMD 22/2009
Area-weighted annual minimum temperatures trends had also been calculated for the
period 1960 – 2007 for all regions of Pakistan. The analysis revealed that there was an
increasing trend in Punjab, Balochistan, significant at 99 per cent level and in Sindh,
significant at 95 per cent level. The total rise in the annual minimum temperatures in
three provinces was 1.16 0C, 0.99 0C and 0.54 0 C respectively. There was a nonsignificant decreasing trend in FANA, NWFP and Azad Kashmir with total change of
0.45 0C , 0.35 0C and 0.24 0C during the period 1960 - 2007. Decrease in FANA was
significant and it became significant at 99 per cent level if the data of Chilas, which
showed significant rising trend of annual minimum temperatures in the period was
excluded. The above discussion had revealed that there was a decrease, though nonsignificant in annual minimum temperatures in Pakistan in north and north-west while
there was a significant increase in south and south-west.
Table 3.5: Change in Annual Minimum Temperatures
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Change in Area-Weighted annual Minimum Temperatures
1970-2007
1 Balochistan

1.15±0.25

2 NWFP

0.15±0.24

3 Punajb

0.56±0.25

4 Sindh

0.44±0.20

5 Azad Kashmir

0.30±0.27

6 FANA

0.16±0.27

7 Pakistan

0.47±0.21

Source: Pakistan Metrological Department, Technical Report N0.PMD 22/2009
The minimum temperature index TN10P i.e. per centage of days when minimum
temperature was less than 10 th per centile. This index had been calculated from the daily
data of eighteen synoptic stations since 1960. It revealed that in northern Pakistan, the
number of days with minimum temperature less than 10 th per centile were increasing, and
in central and southern Pakistan it was the opposite with some stations showing nonsignificant change. This was also in accordance with some stations showing nonsignificant temperatures trend in Pakistan. There was 4 – 16 days rise in the index which
meant less cool nights in the central and southern areas of Pakistan.
3.8.6 Diurnal Temperature Range
Diurnal Temperature Range (DTR) is defined as the difference of daytime maximum
temperature and night time minimum temperature. The change in DTR was regional
rather than global. Many studies have revealed that there was a decrease in DTR since the
mid 20 th century (Easterling et al. 1997). The effect of reduced DTR was more
pronounced in northern hemisphere than southern hemisphere. This could be attributed to
the increase in cloud cover (Brunetti et al. 2000).
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In Pakistan, there had been a mix trend of increasing and decreasing DTR in
different regions. Gilgit, a synoptic station in FANA had a significant increase in DTR.
This was looked at from the trend of maximum and minimum temperatures in that region
i.e. significant increasing and non-significant decreasing respectively.
The data of three stations of NWFP; Chitral, Parachinar, Saidu Sharif had shown
significant increasing trend in the DTR. There was a significant decrease in Peshawar and
non-significant change in D.I. Khan. The data of five stations; Islamabad, Jhelum,
Lahore, Faisalabad and Multan in Punjab province showed significantly decreasing trend
of DTR since 1960. Murree, was the only station where the DTR trend was significantly
rising. Murree,a Hill station was having this difference and showed trend which was
similar to the northern areas of Pakistan. All the stations located in the plains of Punjab
depicted decrease in DTR. This decreasing trend was due to the rapidly rising trends of
minimum temperatures in the Punjab province, as already elicited in the sections of
maximum and minimum temperature. This further be linked to the increase in cloud
cover, especially during the night time. The data of three stations; Jacobabad, Hyderabad
and Karachi in Sindh province also depicted a decreasing trend of DTR but significant
decrease was observed in Hyderabad. This was also due to the rapid rise in minimum
temperature in Sindh province. In Balochistan province, there were significant rising
trends of DTR at Zhob and Jiwani and non-significant decreasing trend at Dalbandin and
Quetta.
It was observed that trends of DTR were consistent among stations lying in the
plain regions of Pakistan i.e. decreasing, while the trends at high elevation stations
(elevation > 800m) were also fairly consistent having increasing trends of DTR.
3.8.7 Seasonal Mean Temperature
Fig. 3.5 shows the seasonal and annual mean temperature changes in different regions of
Pakistan for the period 1960 – 2007. As can be seen, that greatest increase on seasonal
basis in all the regions was in winter.
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Fig 3.5: Change in Seasonal and annual Mean Temperatures of Pakistan

Source: Pakistan Metrological Department, Technical Report N0.PMD 22/2009
Winter season was from December to February (DJF). Pakistan has long duratio n of
summer season from May to September (MJJAS). In central and southern parts of the
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Pakistan there was increase in mean temperature and decrease in northern parts in
summer mean temperatures. This decrease was more pronounced in extreme northern
areas of the country.

3.9 Precipitation Indicators in Pakistan
Long Term Precipitation Series
3.9.1 Annual Rainfall
At the country level, 18 stations with available long term data from 1901 – 2007 and 5
stations data from 1914 – 2007 were used in the study. Chaudhry (2009) had found an
increasing trend in average precipitation for the period 1901- 2007 over Pakistan is given
in Fig 3.6. The analysis showed a total change of about 61 mm. The 10 years moving
average showed that rainfall had decreased gradually from early 1900s to 1940, from
600 mm average to less than 400 mm annually. Since the 1940s the net trend of
precipitation was increasing by a total change of 133 mm. The analysis of precipitation
was also carried out on provincial level.
Fig 3.6: Annual Average Rainfall of Pakistan (1901-2007)

79

Source: Pakistan Metrological Department, Technical Report N0.PMD 22/2009
3.9.2 Punjab Province
For the province of Punjab, data of 6 meteorological stations were chosen each having
data from 1901 – 2007. A total change of 228 mm was observed for the analysis period.
The time series along with 10 years moving average is shown in fig 3.7.
Fig 3.7: Annual Average Rainfall of Punjab (1901-2007)
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Source: Pakistan Metrological Department, Technical Report N0.PMD 22/2 009
Another interesting aspect noted was the decreasing trend of rainfall from 1901 – 1953
which gave a net decline of 140 mm. The last 53 years from 1955 – 2007 exhibited an
increase in trend with a total change of 228 mm.
All the stations in Punjab showed increasing trend in precipitation. Based on the data of
annual rainfall, maximum increase was at Rawalpindi, minimum at Faisalabad, and none
of the stations showed negative trend. During the monsoons, however, the maximum and
minimum trends were found at Mianwali and Murree respectively while Murree showed
a negative trend.

3.9.3

Sindh Province

For the Sindh province, the data was available from 1914 – 2007 of 5 stations. There was
not much change observed in the precipitation in Sindh during the period under study.
The total change was 15 mm. The first 47 years data showed a nominal increasing trend
with total change of about 13.6 mm. On the other, a decreasing change was observed for
the period 1961 – 2007 with a net decrease of 10.2 mm as depicted in fig 3.8.
Fig 3.8: Sindh Average Annual Rainfall (1914-2007)

81

Source: Pakistan Metrological Department, Technical Report N0.PMD 22/2009
3.9.4 Balochistan Province
The long term precipitation data from 1901 – 2007 of 4 stations was analysed. Net
change in rainfall was 8.45 mm. The major change in precipitation trend was observed in
last 53 years from 1955 – 2007 which exhibited a net change of 56.4 mm which was quite
significant compared to the 53 years i.e; 1901 - 1953 with 2.2 mm only .
Fig 3.9: Annual Average Rainfall of Balochistan (1901-2007)
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Source: Pakistan Metrological Department, Technical Report N0.PMD 22/2009
3.9.5 North-Western Frontier Province (NWFP)
Fig 19 depicts the time series of Annual Average Rainfall for NWF province. The total
change for the analysis period was 73.5 mm. Calculations of 10 years moving average
indicated a jump in normal value of precipitation during 1954 – 1966. The analysis can
be described in three parts. The period from 1901 – 1953 showed a slight increasing trend
with total change of only 1.3 mm. During the period of 1954 – 1966, there were some
years with relatively higher precipitation. The third period from 1966 – 2007 showed an
increasing trend of 75 mm.

Fig. 3.10: Annual Average Rainfall NWFP (1901-2007)
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Source: Pakistan Metrological Department, Technical Report N0.PMD 22/2009
3.10 AGRICULTURE SECTOR IN PAKISTAN: Current Status and Vulnerability.
Agriculture and livestock sector have been the mainstay of the Pakistan economy. It
contributes 22 per cent to gross domestic product (GDP), accounts for 60 per cent of
country`s exports, provides livelihood to about 68 per cent of the country`s population
living in rural areas, and employs 43 per cent of the total labour force. Its foremost
challenge is to provide adequate food for the population growing at 2 per cent annually
without irreversibly damaging fragile ecosystem. Being open to vagaries of nature,
agricultural activities are highly vulnerable to climate change. A change in climate will
have far reaching implications on food security of the country mainly through reduction
in crop productivity and adverse impacts on livestock health, its productivity and
reproductibility as well as due to an increase production losses caused by extreme events
of floods, droughts and cyclones etc.
3.11 CROP SECTOR
The crop sector contributes 10.5 per cent to the GDP (food crops: 6.6 per cent; fiber
crops: 2.5 per cent; others: 1.3 per cent). The main food crops are wheat and rice with
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respective shares of 60 per cent and 25 per cent in the total food crops component of
GDP. Cotton and rice are the main cash crops which earn foreign exchange. The total
cultivated land area is approximately 22.2 million hectare (mha) of which 66 per cent is
irrigated by canals, 22 per cent from tubewells and wells, and the rest relies on natural
rainfall. Most of the farm land are divided into small sub-economic land holdings.
Farmers with only 5 hectares (ha) or less land account for 86 per cent of the farms and
44 per cent of farm area in Pakistan. These small farmers are the most vulnerable to
impacts of climate change as they lack the requisite financial resources and access to
information needed for adaptation. of the latest farm technology. About 38 per cent of the
cultivated land in Pakistan has already been suffering from environmental damage
(17 per cent due to water erosion, 8 per cent due to wind erosion, 5 per cent from water logging, and 8 per cent due to salinity and sodicity). Climate change will also aggravate
the categories of soil degradation processes in both intensity and the extent, thereby
affecting adversely the production potential of Pakistan`s agricultural sector.
Crops are, particularly, sensitive to changes in temperature, ambient CO 2
concentration, precipitation and availability of irrigation water. Given that Pakistan has a
varied type of climate ranging from sub-zero temperature in the north to above 50

0

C in

the south, the impact of climate change on crops can be of a wider range. Using DSSAT
(Decision Support System for Agro-technology Transfer) program including CERESWHEAT and CERES RICE crop simulation models, studies have been conducted to
assess the impact of climate change on the productivity of wheat crop in four different
agro-ecological zones (northern mountainous region, northern sub-mountainous region,
southern semi-arid plains and southern arid plains) and on basmati rice crop in semi-arid
plains of Punjab (Sheikhupura district). It was found that the growing season length for
wheat will decrease with increase in average temperature in all the agro-ecological zones
in Pakistan, the rate of reduction being larger in the mountainous regions than in the arid
and semi-arid plains (GCISC, 2009). For temperature increases in the range1-5 0C, the
wheat yield will increase in the mountainous region but decrease in the sub-mountainous,
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arid and semi-arid regions. The increase in CO2 concentration will have a positive effect
on wheat yield in all the regions due to fertilization effect of CO 2 which could
compensate for the adverse effect of rising temperature only to a certain extent. With
increase of ambient CO2 from the current level of 380 ppm to 550 ppm, the baseline
wheat yield in the arid and semi-arid plains could be sustained for temperature upto 3 0C .
The growing season length of basmati rice cultivated in the semi-arid plains of
Punjab is also found to decrease with rise in temperature; it will decrease from 108 days
to 102 and 89 days respectively for temperature increases of 1 and 5 0C over the baseline
temperature (GCISC, 2009). At the current level of CO 2 concentration, the yield of rice
will have a decreasing trend with the rise in temperature, but increase in the CO 2
concentration level will be helpful in reducing the negative effect of rise in temperature.
Under the combined effect of temperature and CO 2 , the baseline basmati rice yield could
be sustained for temperature increases upto 1 0C provided the ambient CO2 concentration
level were to increase from 380 to 550 ppm.
The yields of wheat and rice, the major cereal crops in Pakistan, have increased
manifold since independence due to improved inputs and use of better crop breeds. The
report of the Planning Commission Task Force on food security has identifies the strategy
for increasing food security of Pakistan by invoking and implementing measures as
listed:
(i)

bridging the yield gap by increasing certified seed coverage, balanced use of
fertilizer, improving water use efficiency, promoting farm mechanization and
increasing livestock productivity,

(ii)

diversification of agriculture and value addition,

(iii)

post harvest management of cold chain involving processing, grading, packing,
storage and transportation,

(iv)

protecting the rainfed agriculture through dry land technologies,
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(v)

increasing investment in agriculture and rural infrastructure and,

(vi)

strengthening social science research on agriculture(GoP-PC 2009).

Expectations are that in the future years, crop yields will increase by implementing the
above measures in order to keep pace with the growth rate of population. It is
apprehended that full potential of technological advancements and the necessary
improvements may not be achievable due to adverse impacts of climate change.
Simulation modeling studies at GCISC have shown that wheat production in 2080s under
the influence of the climatic factors of the IPCC high and low scenarios A2 and B2 will
be 6-8 per cent lower than the potential production in case the climate were to remain
unchanged i.e; other things remaining the same, as the economic concept says. Rice, the
other major food as well as foreign exchange earner crop will be more sensitive to
climate change. It was found that 2080s basmati rice production in Pakistan will likely to
suffer an estimate reduction of 15-18 per cent due to climate factors anticipated under the
A2 and B2 scenarios. The emergence of these findings will have very serious
implications on the food security of Pakistan in the future years.
One positive outcome of the above exercise on the effects of climate change is that cereal
production in the northern mountainous areas will benefit from climate change. The
yield of wheat will increase by some 40-50 per cent by 2080s under A2 and B2 scenarios.
This will, however, not be of a much benefit at the national level as contribution of the
northern mountainous region to the national wheat production is merely 2 per cent.
An increase in the frequency and intensity of precipitation events involving heavy
rainfalls within short periods of time are expected from climate change. Intensive
rainfalls will result in damage to crops and loss of top soil. Increased crop production
losses coupled with those resulting from the expected more frequent and more intense
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droughts caused by changes in average values of climatic parameters will further
aggravate the food security in Pakistan.

3.12 Conclusion
As can be seen, Pakistan is emitting a negligible quantum of CO 2, As a result of emission
of GHG globally. Pakistan has significant variations in its mean maximum, mean
minimum and mean precipitation. As maximum and minimum temperatures have been
rising in Pakistan significantly the agricultural sector has vulnerable to climate change.
Chapter will highlight a theoretical framework to evaluate the historical climate means on
Punjab agricultural sector.
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THEORETICAL FRAMEWORK OF THE STUDY
4.1

Introduction

In chapter two, a review of the relevant literature have been given on Ricardian approach
and other climate change impact assessment models. Chapter three provides climate
change scenario in Pakistan and vulnerability of agriculture sector to it. It has found that
Ricardian approach has strength over other impact assessment model of partial
equilibrium that it can account for all kind of crops, orchards and also livestoc k etc. It can
measure the adaptations and change in farm management strategies with change in
climate.
This chapter describes the theoretical framework which has been used in
measuring the economic impact of historical climate changes on the agricultural s ector of
Punjab. Ricardan approach is briefly discussed in section 4.1. Section 4.2 gives an
overview of Hedonic Pricing. Land Climate Hedonic Pricing Methodology is presented in
section 4.3. To clarify the relationship between Ricardian approach and Land Climate
Hedonic Pricing Method is discussed in section 4.4. Assumptions, functional form,
choice of dependent variable and structure of the data used in the model are presented in
section 4.5.
4.2

Ricardian Approach

The Ricardian approach is based on the observations of David Ricardo (1772-1823). It
essentially says that farmers maximize their profits by cultivating land in declining order
of fertility. The basic concept of Ricardian approach is that land values and agricultural
practices are correlated with climate or to say environment variables.
Schlenker et.al (2006) has opined that the Ricardian approach is a Hedonic model
of farmland pricing that assumes the value of a piece of land equals the discounted value
of the stream of future rents or profits that can be derived from it (Schlenker et.al).
89

Ricardian approach is in no conflict with Hedonic price model. The „indestructibility of
land as Ricardo contended specifically implies inelastic supply of land.‟ Changes in
climate or farming methods can turn five culturable land into dust bowls and even deserts
into grasslands.
4.3

Hedonic Price Approach

Economic theory says that a consumer will buy different goods for obtaining utility.
Hedonic approach has gone to suggest that it is not only a good or product per se but its
characteristics that provide utility. Therefore, the total amount of utility a consumer
derives from the purchase of a good or product is dependent upon the total amount of
product characteristics. For equilibrium, the price paid by the consumer should be equal
to the sum of product‟s characteristics marginal monetary values. The Hedonic pricing
models were first introduced in economics in the late 1960s. Lancaster (1966), Dhrymes
(1967) and Ladd and Suvannunt (1976) have contributed to development of the basic
theoretical framework for Hedonic pricing of consumer goods characteristics. Rayner
(1970) has further extended the basic theory to include brand names in addition to the
quality characteristics. The theoretical framework of the basic Hedonic price model has
been applied to deduce the Hedonic property value model, Hedonic wage model and
agricultural land value model in the context of climate change.
The idea of Hedonic property value can be traced back to the classical work of
Wallace (1926) and Hass (1922). Generally, the property value model has suggested that
environmental attributes e.g. air and water quality affect the overall property prices.
Hedonic relation has arisen due to heterogeneity in the quality attributes o f different
properties. Lancaster (1966), Rosen (1974), Maclennan (1977), Witt, Sumka and Erekson
(1979), Awan, Odelling-Sme and Whitehead (1982) Goodman (1998) and Colwell and
Dilmore (1999) have contributed in developing of theoretical framework of Hedonic
property pricing models. The standard Hedonic price model is based on the analysis of a
cross-section of housing price at a point in time. The repeated sales model is a variant of
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time of the Hedonic price model that exploits a time series of sale price s of a house which
structural characteristics have not changed over time. Palmquist (1982) developed the
repeated sales model which has simplified the specification and estimation as
characteristics that do not change can be omitted from the regression equation.
The Hedonic wage model has suggested that, other things being equal, workers
will have preferences for jobs with more pleasant and less risk or secured working
conditions against less pleasant and more risk (insecured). As such, the difference in
wages between the two jobs with different working conditions will reflect the workers‟
monetary valuation of difference in working conditions.
Hedonic price model can be employed to measure the economic impact of climate
change on agricultural sector. A Hedonic price model to determine the economic impact
of climate change on agricultural sector refers to the willingness to pay to avoid a rise in
temperature by investigation two or more agricultural lands that encounter the same
climate factors as maximum, minimum temperatures and precipitations etc.
4.4

Land Climate Hedonic Price Approach

Rosen (1974) has suggested that Hedonic relation will arise due to the heterogeneity in
quality of the attributes of the goods. Agricultural land prices are dependent upon factors
that

determine

agricultural

productivity

i.e.

climate

(max, min temperatures,

precipitations, solar radiation etc.), soil quality and slope (flat vs hilly). (Kolstad, 2000).
Palmquist (1991) has opined that in agricultural sector, across differe nt locations over
time there generally have existed land price differentials, and the value of marginal
changes in climate can be discerned from Hedonic land price analysis. In such a case,
climate itself will become a choice variable. It can be safely presumed that long run cost
minimizing adaptaion has already occurred.
Goulder and Pizer (2006) have opined that “applied to agricultural, the Hedonic
approach has aimed to embrace a wider range of substitution options, employing cross 91

section data to examine how geographical, physical and climate variables have been
related prices of agricultural land. On the assumption, that crops are chosen to maximize
rents, the rents reflect the productivity of a given plot of land relative to marginal land,
and prices are the present value of land rents. The effects of climate change variables on
land prices are an indicator of their impact on productivity after crop substitution is
allowed for. Amiraslany (2010) has suggested that the land climate Hedonic price model
can be used to estimate the impact of climatic, socio-economic and geographical
variables in valuating agricultural land which allows measuring of the marginal
contribution of the attributes in order to capitalize the land value.
4.5

Ricardian Approach and Land Climate Hedonic Pricing Method

From the discussion of Ricardian approach and Hedonic model, it may or should not be
construed that the two models overlap each other. Rather they supplement and
complement each other.
4.6

Assumptions of Land Climate Hedonic Pricing Method

The Hedonic agricultural price model of climate change has been based on the following
assumptions
 there is perfect competition in land market.
 land values have attained the long run equilibrium associated with each
region‟s climate.
 there is uniform market for agricultural lands.
 there is no relocation cost existing in the market. (it implies that zero
transaction and moving cost with flexible prices).
 there is continuous trade-off among all characteristics.
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 agro-technologies which respond to climate change are accessible to all
farmers at any given point in time.
The assumption of perfect competition implies that the information is perfect and all
economic agents have free access to it. Moreover, all economic agents are rational and
adapt according to the information.
4.6.1 Functional Form of the Model
The land values depend upon climate (maximum, minimum temperatures, precipitations,
solar radiation, etc), slope (hilly Vs flat) and tendency to flood. These factors will
determine productivity which determines prices of a piece of land. Another factor that
could contribute to land price difference but not agricultural productivity is proximity to
urban areas etc. Mendelsohn et.al (1994) applied Hedonic price model to link land value
to land characteristics including climate factors The Hedonic equation to estimate of the
effects of climate change is given as;
Yit = β 0 +β1 Xit ++β3 Zit +εit

(3.1)

Here,
Yit = per acre agricultural land price in ith district for time period t.
β 0 = constant term
Xit = vector of all climate variables (average maximum, minimum temperatures and

precipitations ) in ith district for time period t.
Zit = vector of all non climate variables (population density, per capita income and area under
cultivation etc.) for ith district for time period t.
εit = stochastic error term

4.6.2 Choice of the Dependent Variable
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Both the rental prices of land and asset prices of land can be taken as dependent
variable. The land rental price is the price of renting the land for a given short period
of time .On the other hand, the asset price of land is the price of taking time title to
perpetuity (Kolstad, 2000).
4.6.3 Structure of the Data Used in the Model
In most of the studies for measuring the economic impact of climate change on
agricultural sector have used spatial Hedonic price model across different location that
relates to a single year. Rarely are available, the time series data on sales or rental prices
for different types of agricultural lands. These data can be used to used to develop a
repeated sales type Hedonic price model. Since some structural attributes of agricultural
land do not vary over time or have negligible variation over time like soil characteristics.
The repeated sales model makes the analysis simple as all attributes that are not change
over time can be eliminated. Panel data with same cross-section units (e.g. districts or
counties) over a given period of time can also be used to capture the economic impact of
climate change. Strengths of panel data are that it can measure regional scale climate
sensitivities, allowing for spatial effects and temporal change.

4.6.4 Conclusion
This chapter has presented the details of land climate Hedonic price approach as
theoretical framework of the study, review of the literature related to assessment of the
economic impact of global and local climate change. From the discussion of Ricardian
approach and Hedonic method, it may or should not be construed that the two methods
overlap each other rather they supplement and complement each other. Chapter five will
provide the study area for Pakistan as well as the data and data sources of climate, non
climate and dependent variables, also discuss the econometric technique in estimation of
panel regression model.
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DATA AND DESCRIPTION OF VARIABLES
5.1

Introduction

The chapter gives a narration of the study area, the data used and its sources, and also the
economic model which has been used in order to measure the impact of climate change.
The sequence adopted is the study area characteristics, followed by general types of
variables and sources of data obtained for the dependent and independent variables used
in the model. The outline of basics of panel regression model is also given to facilitate an
insight of the analysis.
5.2

Study Area

The major contributor to Pakistan GDP is the agricultural sector. On farm practices have
been undertaken under different climate conditions, special biophysical and socio economic conditions prevalent in rural areas of Punjab province. These being the reasons
for selecting the Punjab agricultural sector for the study. The total land area of Punjab
province is 20.63 million hectares which is about 26 per cent of the total area of Pakistan.
The cultivated area of Punjab is 12.51 million hectares, or 67 per cent of total cultivated
area of Pakistan. As stated earlier, in 2007-08 Punjab share in Pakistan‟s agricultural
production of major crops was wheat 74.5 per cent, rice 59.1, per cent, gram 81.7 per
cent, jawar 61.2 per cent, maize 74.5 per cent, Bajra 73.4 per cent, cotton 77.8 per cent,
sugarcane 63.1 per cent, barley 33.3 per cent, rapeseed and mustard 58.5 per cent. In
respect of the major fruits, Punjab share in the overall country‟s production was mango
78.3 per cent, banana 6.3 per cent, citrus 96.7 per cent, guava 78.3 per cent, dates 7.9 per
cent and apple 0.7 per cent (Punjab Development Statistics, 2009).
The Indus, and its tributaries, Jhelum and Chanab are the main rivers from which
canals have been taken out to supply water for irrigation in Punjab. The requirements of
water for cultivation are also met from tubewells. For carrying out the study, the data of
eleven districts which are also representative of different climate conditions have been
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used. The reason for selection of these districts namely, Lahore, Faisalabad, Sargodha,
Sialkot in central region; Jhelum, Rawalpindi, and Mianwali, in northern regions; Multan,
Bahawalpur, Bahawalnagar, and Rahim Yar Khan in southern region was that these
places had climate observation stations.

Table 5.1: Share of Agricultural GDP of the Punjab in Agricultural GDP of
Pakistan (at Constant Factor Cost of 1999-00)
Sr.
No

Agricultural
Production
Sector

2008-09

Pakistan

Punjab

2009-10

01

Major Crops

1195031 635444

Per
cent
Share
53.2

Pakistan

Punjab

Per cent
Share

02

Minor Crops

136601

287347

59.7

135008

84641

62.7

03

Live Stock

622531

260344

41.8

648106

268327

41.4

04

Fishing

21319

5003

23.5

21626

5044

23.3

05

Forestry

14094

1202

8.5

14404

1484

10.3

1218873 646281

53.0

Source: Punjab Development Statistics, 2010

5.3

Climate of Punjab Province

The characteristics and climate data of Punjab province have already been elicited in
Chapter Four. In brief, there has occurred a rise in maximum temperature in Punjab
province but the rise is not significant. There has also been observed a significant rise in
the minimum temperature all across the province. As reported in Climate Change
Indicators of Pakistan, 2009 Punjab, as a whole, has experienced a significant rise in
precipitation.
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5.4

Definition of Variables

The unit of spatial analysis for the study are the districts of Punjab. The fundamental
agent in land use is the farmer or farmland. The dependent and independent variables in
the study are defined in Table 5.2. The independent variables are categorized into two
groups: climate and non-climate variables. The elaboratation of these variables are as
given under
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Table 5.2 Description of Variables
Variable
Dependent
Variable

Title

Definition
Average Annual market sale price of agricultural
land (Pak RS/acre) at district level.

Source of Date
Mutation registers of land
price records. Land Revenue
Department, Govt of
Punjab.(1970-2009)

Per year use of land for agricultural purposes
including land under crops, vegetables, orchards
etc. The unit of analysis is Thousand Hectares at
the districts Level.
The total number of people living per square
kilometer at district level.
National per capita income measured in Pak Rs.

Punjab Development
Statistics(1970-2010

RABIPPT

Precipitation(millimeters=mm) normal mean for
the Rabi months(October -March)

Pakistan Meteorological
Department(1970-2009)

KHARIFPPT

Precipitation (millimeters) normal mean for the
Kharif months(April -September)

Pakistan Meteorological
Department(1970-2009)

MINTMRABI

Minimum temperature(Degree Celsius=0 C)
normal mean for the Rabi months(October March)
Minimum temperature(Degree Celsius= 0 C)
normal mean for the Kharif months(April September)
Maximum temperature(Degree Celsius= 0 C)
normal mean for the Rabi months(October -March

Pakistan Meteorological
Department(1970-2009)

Maximum temperature (Degree Celsius= 0 C)
normal mean for the Kharif months(April September)

Pakistan Meteorological
Department(1970-2009)

Lprice

Independent
Variables
Area under
cultivation

Non Climate

Population
density
Per Capita
Income
Independent
Variables

POPD

AUC

YPC

Punjab Development
Statistics(1970-2010
Economic Survey of
Pakistan(1970-2009)

Climate
Variables

MINTMKAHRIF

MAXTMRABI
MAXTMKHARIF

Pakistan Meteorological
Department(1970-2009)
Pakistan Meteorological
Department(1970-2009)

5.4.1 Dependent Variable
The dependent variable in the study is the average sale price per acre (Pak Rs/acre)
annually, which is deemed to be consistent with Ricardian Approach based on Land
Climate Hedonic Pricing.
It is documented in final report of Task Force, Planning Commission GoP 8 on Climate
Change that there is a dire need to quantify the impact of climate change on different
8

. Final Report, Task Force on Climate Change, Planning Commission of Pakistan, 2010.
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sectors of the economy for planning and policy making. The report has also noted that it
is not easy to assess the economic impact of climate change on different sectors of the
economy. But it is of very crucial importance for national planners and policymakers to
develop and shape the country‟s development plans in the most optimal manner within
the constraints of limited available resources. Viewed in this perspective, the study in
hand is the first effort to quantify the impact of climate change on agricultural sector. It
was very tiring, time consuming and enduring drill to collect data of dependent variable.
At the district level, town/village /mouza were selected to obtain the average price per
acre of agricultural land in order to capture the impact of climate change.
Town/village/mouza is the unit which is agricultural land area since 1970 to date. The
farm land was not to be situated on the road side but have an easy access to agricultural
markets. The annual average sale price of agricultural land was taken from the mutation
registers (Lal Kitab) maintained by Patwaris. To select a unit of analysis, tehsildars and
patwaris of the respective districts were interviewed. The selected town/mouza/village
per acre average agricultural land price was assumed to be representative of all normal
agricultural lands in the respective districts. The same method was adopted to collect land
price data for the eleven districts across Punjab province.
5.4.2 Independent Climate Variables
There are two crop sowing and harvesting seasons in Punjab, Kharif season from April
to September and Rabi season from October to March. Climate variables in the study are
the yearly Kharif and Rabi months mean data from 1970 to 2009.
Kharif crops are rice, sugarcane, cotton (American), cotton (Desi), jowar, bajra, maize,
moong, mash, til, gowara seed, fodder, vegetables and orchards etc. Rabi crops are wheat,
gram, barely, masoor, peas, rape and mustard, fodder, vegetables, tobacco, and orchards
etc.
Mean of minimum temperature for Kharif and Rabi season, mean of maximum
temperature for Kharif and Rabi season measured in degree Celsius ( 0C), while mean of
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precipitation for Kharif and Rabi season measured in millimeters have been taken as
climate variables. The data were obtained from Pakistan Meteorological Department
GoP, Islamabad for the eleven districts for the period 1970-2009. The missing values
were assessed by taking three years moving average.
5.4.3 Independent Variables: Non Climate
The independent variables in the land climate Hedonic model used in the present research
study, have been divided into two categories. The non climate and climate variables. For
non climate variables, population density i.e, persons per km 2 (POPD) and per capita
income (YPC) are specified to control the competition for non agricultural land us es.
In Pakistan, four census of population have been conducted. The first census was
conducted as back as 1951 and the most recent in 1998. The estimate of yearwise
population growth rate at the district level in 1961, 1972, 1981 and 1998 were 2.7 per
cent, 3.41 per cent, 2.74 per cent and 2.64 per cent respectively. These growth rates were
used in the study. The data of population projection from 1999 – 2009 are taken from the
Punjab Bureau of Statistics, Lahore.
The area under cultivation (AUC) is also included as an independent variable. The
rationale for taking the area under cultivation as an independent variable is that it covers
land use for growing all kinds of crops and orchards as well as current fallow.
The data of population density and area under cultivation were taken from different
issues of Punjab Development Statistics, Punjab Bureau of Statistics. The data of per
capita income was taken from different issues of Pakistan Economic Survey.
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Table 5.3 Descriptive Statistics
Sr.

Standard

No

Variable

Mean

01

Land Price (Rs.)

02

Cross

Deviation

Min

Max

Observations

Sections

209,756.20

427,963.2

202.4

5333333

440

11

Income Per Capita (Rs.)

456.67

140.88

220

800

440

11

03

Poulation Density

627.01

832.45

40.46

4775.39

440

11

04

Area under cultivation

543.48

449.93

78

2926

440

11

05

Rabi Precipitation

21.82

18.1

0

91.06

440

11

06

Rabi Precipitation Square

803.28

1279.015

0

8293.14

440

11

07

Kharif Precipitation

68.50

53.61

0.08

294.58

440

11

08

Kharif Precipitation Square

7560.95

11139.72

0.01

86779.34

440

11

09

Rabi Maximum Temperature

26.14

2.24

19.70

32.90

440

11

10

Rabi Maximum Temperature Square

688.77

120.14

388.09

1082.410

440

11

11

Kharif Maximum Temperature

37.16

1.554

32

42

440

11

12

Kharif Maximum Temperature
Square

11
1383.90

122.83

1062.70

1062.70

440

12.16

5.299

6.10

30.32

440

11

175.92

185.99

37.21

919.30

440

11
11

13

Rabi Minimum Temperature

14

Rabi Minimum Temperature Square

15

Kharif Minimum Temperature

23.33

4.618

9.78

37.29

440

16

Kharif Minimum Temperature
Square

565.69

201,05

95.71

1390.63

440

5.5

The Basics of Panel Model

Given herein is the econometric framework used in measuring the economic impact of
climate change on Punjab agricultural sector. The model specification has involved
regressing per acre land price over climate variables for the years 1970 – 2009 while
controlling the other non climate variables affecting agricultural land. The data is pooled
for thirty years for eleven districts of Punjab. District level per acre agricultural land price
was regressed on climate, non climate (control) variables to estimate the best use value
function for Punjab agricultural sector. The econometric methodology is defined as
Hedonic approach and one way panel fixed effect approach.
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11

5.5.1 The Panel Fixed Effect Approach
A panel is a cross-section (firms, individuals, group of people) which is surveyed over a
certain period of time span. Panel data sets, the data sets on different cross -sections over
a certain period of time, help the researcher in modeling difference of attributes across
cross section. Heterogeneity across units (cross-sections) is an integral part of the panel
data analysis (Greene, 2003).
The reason to include place (district) fixed effects is that district fixed effects can
absorb unobserved time invariant determinants of the dependent variable.
When Cross section fixed effect is applied, model have constant slopes but
intercept differ according to time. The source of variation in the intercept is some
unobserved attributes (i.e. preference for agricultural occupations in specific districts
agricultural practices etc.). These unobserved attributes vary from one district to the other
but are constant over time (Stock and Watson, 2003).
The Standard Model is:
Yit = α0 +β1Cit +β2Cit 2+β3Zit +εit

(5.1)

Here,
Yit = per acre agricultural land price in district over time period t.
α0 = constant
Cit = vector of climate variables in i th district for time period t.
Cit 2= vector of climate variables in quadratic form in i th distract t for time period t.
Zit = vector of non climate variables (population density, per capita income and area
under cultivation) for i th district for time period t.
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εit = stochastic error term
To show one way fixed effect, assume that Cit, Cit 2 and Zit all are include in the Xit matrix.
Then
yit =ηdistricts+ βXit +μ + εit
Then, the one way (cross-section) fixed effect estimator for α 0 , β1, β2 and β3 in (5.1) is b as
follows (Amiraslany, 2010).
-

b=
1

-1

x

Now, the regression constant term is:
=

-

b

and fixed effect one-way estimator for district fixed effects is:
ηdistricts =

-

b

Here the bar symbols shows the average in the above formulas.

5.6

Econometric Estimation

An econometric model is an important tool for the researcher to part and determine the
influence of several explanatory variables on a dependent variable. The important issue
is that climate variables and squared terms of them inherently have potential
multicolliniarity. Kaufman (1998) had suggested that regressing models with undemeaned (when data are not subtracted from their mean) climate variables lead to
frequent switching of the parameters estimates and may cause large marginal effects.
According to Stock and Watson (2003) regression softwares will compute the fixed
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effects in two steps. First, the entity specific average is subtracted from each variable.
Second, the regression is estimated using “entity-demeaned” variables. This problem is
tackled as E.views software package is used for regression estimation, and all climate
variables have been demeaned (subtracting all values from their mean) to prevent the
problem of multicolliniarity in the estimated model.
Feasible Generalized Least Square (FGLS) technique with cross section SUR has
been used to estimate the panel regression model. In the study in hand, the following
aspects have been considered to determine the robustness of the model.
 the significance level of each explanatory variable will be determined by the coefficient t-statistics.
 the fit of overall model is determined by the F-statistics and R-squared values.
 individual explanatory variables‟ direction of influence on the dependent variable
and its consistency with literature and Pakistan climate conditions will be checked.
5.7 Conclusion
Described herein are the study area, variables, data , data sources and econometric
method to measure the impact of climate change on agricultural sector as well as . This
chapter also presents the rationale to use one-way fixed effect for cross sections. FGLS
technique with cross section SUR is also presented to estimate the panel regression
model. Description and explanation of estimated results are presented in chapter 6.

RESULTS OF THE STUDY
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6.1 Introduction
The description of Panel regression methodology with cross-section fixed effects for
estimation has been given in chapter five.
Based upon the methodology, the land climate pricing model has estimated economic
impact of climate change normals on the agricultural sector in respect of eleven districts
in Punjab for the period 1970-2009. The econometric approach applied to assess the
climate impact is FGLS (cross-section SUR) with one –way fixed effect panel model
specification with the districts fixed effects. The chapter is designed to discuss the
estimated parameters and also comments on the results in order to link them with chapter
seven.
6.2 Parameters Estimated
The study has taken into account forty points of time and eleven districts of Punjab. The
panel fixed effect model for cross section can capture more information on heterogeneity
among districts. Feasible Generalized Least Square (FGLS) with cross section SUR
technique has been used to run the panel regression.
Table 6.1 shows the FGLS (cross section SUR) model results of all the independent,
dependent (climate and non climate), t-statistics R-squared, F-test and other relevant
statistics. For estimation, quadratic forms of climate variables have also been considered
with linear form. Taking quadratic form is consistent with the literature 9. Quadratic forms
were taken into account to capture the possibilities of nonlinearities in climate
sensitivities. The linear term of climate variables show the marginal value of climate at

9

See chapter 2
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the land price mean, while the quadratic terms show the nature of the relationship among
climate variables and land value as given under:


a positive coefficient shows a U shape while negative coefficient depicts a hill
shape (∩)relationship among climate variables and land values.



U shape relationship indicates that land prices will decrease with increase in climate
variables to a certain point (minimum of U), then both land prices and climate
variables will increase.


Hill shape (∩) relationship indicates that as climate variables increase the
land value also increases to a certain degree (maximum of ∩), departure
from this point will lead to reduction in land values with an increase in
climate variables.
As noted from the result, C being the constant term, in fixed effects model;
the constant term contained all fixed effects.

Table 6.1 Panel Estimation Results: FGLS (cross section SUR)
Variables

Coefficients
Climate
Rabi precipitation
Rabi precipitation Squared
Kahrif precipitation
Kharif precipitation Squared
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-877.11**
8.50***
168.92***
-1.17***

Minimum Rabi Temperature
Minimum Rabi Temperature Squared
Minimum Kharif Temperature
Minimum Kharif Temperature Squared
Maximum Rabi Temperature
Maximum Rabi Temperature Squared
Maximum Kharif Temperature
Maximum Kharif Temperature Squared

-3868.66****
162.93***
6088.82****
-188.81***
26085.60***
-438.47***
-3003.86
13.03

Non Climate (control)
Population Density
Area under Cultivation
Income Per Capita
Constant

30.84*
1.058
54.79*
-294035.2

LPRICE(-1), Lag of dependent variable
*denotes 1%, ** 5%, *** 10% and ****15%
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0.915*

Table 6.2 Continued
Variables

Coefficients
District Fixed Effects
Bhawalpur

-52453.99

Bhawalnagar

19507.44

Faisalabad

35039.85

Rawalpindi

124067.6

Jehulm

32901.58

Lahore

-64938.94

Mianwali

-15004.54

Multan

-22576.11

Rahim Yar Khan

-38415.25

Sargodha

17444.15

Sialkot

3443.14

R2

0.93

Adjusted R2

0.92

F-statistics

215.56

Akaike information criterion

24.99

Schwarz criterion

25.09

Durban-Watson statistics
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2.06

6.3 Climate Variables
Precipitation has been a very important variable in agricultural sector of Punjab.
Mean Rabi precipitation has shown a U shape relationship with land prices. It has
revealed that increase in precipitation in Rabi season will decrease land price.
Precipitation is significant at 5 per cent level of significance.
Mean Kharif precipitation also has significant relationship with land values. The
relationship is of hill shaped (∩) relationship. It has revealed that with an increase in
Kharif precipitation , land prices will increase. The results have been in accordance with
expectations. Kharif crops have been sensitive to more precipitations. Especially, rice a
major Kharif crop is water demanding crop.
Mean minimum Rabi temperature had a significant relationship with land prices. It had
shown U shape relationship with land prices. With an increase in mean minimum Rabi
temperature, land price will decrease. It was significant at 10 percent level of
significance.
Mean minimum Kharif temperature has a significant hill shaped (∩) relationship with
land prices. It indicates that with increase in mean minimum Kharif temperature, land
prices will also increase. It is significant at 25 per cent level of significance.
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Mean maximum Rabi temperature has a significant hill shape (∩) relationship with land
prices. It reveals that with increase in mean maximum Rabi temperature, land prices will
also increase. It was significant at 10 per cent level of significance.
Mean maximum Kharif temperature has U shape relationship with land prices, but this
relationship is not found to be significant.
Table 6.3: Comparison of Kharif and Rabi Climate Variables and Relationship with
Land Price dependent Variable
Kharif

Rabi

Precipitin had significant hill(∩)

Precipitin had significant U

relationship with land prices

relationship with land prices

Mean minimum temperature

Mean minimum temperature had

observed significant hill shape (∩) significant U shape relationship with
relationship with land prices.

land prices

Mean Maximum temperature had

Mean Maximum temperature had

insignificant U shape relationship

significant hill shape (∩)

with land prices.

relationship with land prices.

Rasul et.al (2009) had found that in Punjab minimum temperature had increased
significantly over the period 1960 - 2007. Mean minimum temperature of both Kharif
and Rabi has significant relationship with land prices in the current study also.
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Precipitation had found to have increased during 1960-2007 in Punjab (Rasul at.el ,2009).
FGLS model results have confirmed the fact by showing significant relationship of
precipitation with land prices both in Kharif and Rabi season.
It has also been found that in Punjab maximum temperature had not increased
significantly during 1960 – 2007(Rassol. et.al, 2009). One important parameter that
Rasool (2009) had taken into account was the annual mean minimum, maximum and
precipitation. Study in hand required to quantify the economic impact of climate change
on agricultural sector, therefore, mean maximum, minimum and precipitation split the
annual climate variables into two sowing and harvesting seasons i.e. Kharif and Rabi.
FGLS model results show that mean maximum temperature do not have significant
relationship with land prices, while mean of maximum Rabi temperature has hill shaped
relationship with land prices. The study on climate change and wheat production by
Global Change Impact Study Centre (2010), had brought that wheat production will
increase with the increase in temperature. Wheat is Rabi crop, mean maximum Rabi
temperature has significant hill shape (∩) relationship with land prices in study in hand. It
can safely be deduced that with increase in Rabi mean maximum temperature, wheat
production will increase.
Direct interpretation of the regression coefficients within the land climate Hedonic
pricing/Ricardian approach is not tenable for specific impact on crop yield. However,
based upon the model results, direction of the signs of the coefficients and nature of the
relationship, educated speculations to some extent can be made.
Kharif precipitation has hill shape (∩) relationship with land values. As moisture soil will
increase crop production. Rabi precipitation is not as much demanding as of Kahrifs‟,
Rabi precipitation has negatively related to land values, it can be speculated that increase
in Rabi mean precipitation will decrease crop yield of wheat. On the other hand, mean
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maximum Rabi temperature is significant, has positive sign which shows increase in
mean maximum temperature will increase crop yield as wheat needs heat for maturation.
The results have indicated that Rabi season is winter and partly spring low precipitation
and high temperature will tend to reduce risks of fog and frost in Punjab. Both low
precipitation and high temperatures are conducive for crop maturation.
6.4 Marginal Climate Impacts
In section 6.3, there is interpretation of linear coefficients (constant slopes) and squared
coefficients (non linear slopes which are a function of climate variables). It is not
possible to capture the magnitude of the impact of climate variables with line ar and
squared coefficients individually. Marginal climate impact (MCI) for each set of climate
variables (linear and squared coefficients) jointly has been calculated to capture the
magnitude of the impact of climate variables on agricultural land price. Recalling from
discussion 6.2, if land prices are expressed in quadratic function of climate variables, the
partial derivative of the dependent variable land price (LPRICE) with respect to climate
variables would be
∂LPrice/∂Climate = β2 + β3 Climate

(6.1)

By taking the mean of both sides
E (∂LPrice/∂Climate) = E (β2 + β3 Climate)

112

(6.2)

Which is (Eq. 6.2) is MCI for any climate variable. Marginal climate impact is the
magnitude of change in any climate variable. In this section, marginal climate impacts
represent the change in Pak Rs/acre of agricultural land prices per 0 C or mm/Kharif and
marginal climate impact represent the change in Pak Rs/acre of agricultural land prices
per 0C or mm/Rabi climate for agricultural land in the Punjab province. Equation 6.2 can
be calculated based upon the numbers from the estimation results. It can be tested as a
restriction for FGLS (cross section SUR) model. To investigate the level of significance
of estimated marginal climate impact, F-test is being run (Amiraslany, 2010). The
significance of F-test also checked. Marginal Climate impacts of all climate variables are
presented in Table 6.2.
Table 6.2: Marginal Climate Impacts
Variables

β2

β3

SD

MCI

F.statistic

Rabi Precipitation

-8.77.11

8.5033

313.45

-860.10*

7.59

Kharif Precipitation

168.92

-1.171

97.34

166.577**

2.92

Minimum Rabi

-3868.66

162.93

2888.460

-3542.79

1.50

6088.823

-188.81

5090.83

5711.20

1.258

Temperature
Minimum Kharif
Temperature
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Maximum Rabi

26085.60

-438.4713

146557.29 25208.66**

2.957

-3003.86

13.03

61709.92

0.0023

Temperature
Maximum Kharif

-2977.78

Temperature
*denotes significant at 5% and ** denotes significance at 10% level.
The MCI results show that with an increase in precipitation of 1 mm in Rabi season,
agricultural land price will decrease, on average, by 860 Pak Rs per acre in Rabi season,
while the same increase (1 mm precipitation) in Kharif season will bring increase in
agricultural land price, on average, by 166.58 Pak Rs per acre in Kharif season. The
resulted signs of coefficients are in according to expectations. As stated earlier, Kharif
crops (e.g. rice) are more water demanding as compare to Kharif crops. Therefore, an
increase in precipitation Kharif will lead to an increase in land prices.
On the other hand, MCI analysis of maximum Rabi temperature shows that with a 1 0C
increase in maximum temperature, agricultural land prices, on average, will increase by
25208.66 Pak Rs in Rabi season.
The results and expected signs are in accordance with expectations. One major Rabi
crops is wheat, which needs much warmer climate for maturation.
The expected signs and direction of relationship of maximum Kharif temperature,
minimum Rabi and Kharif temperature are according to expectations, but marginal
impacts of these climate variables are not significant. It is important to recognize that
these results can be interpreted only with educated speculations for agricultural yield and
crop productivity. As only land price might not reflect the agricultural yield and crops
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productivity. There are some other regional differences (non climate and non agricultural)
that might affect the land prices also. Irrigation, soil fertility etc. are some of those factors
that directly and indirectly might affect the land prices.
6.5. Non Climate (Control) Variables
As stated earlier, that some factors other than climate have been considered important in
influencing the land prices. The practice of using control variables is consistent with
other land Climate Hedonic Pricing/ Ricardian studies. In the study in hand, one different
variable is used that is the area under cultivation (000 hectares) at the district level. The
rationale for which is that if Rabi is getting warmer and precipitation is decreasing, some
uncultivated land (marginal land) can be taken under cultivation. It also shows that soil
moisture and other environmental conditions (e.g. low risk of frost and fog) are suitable
to take marginal land under cultivation. The year wise values of area under cultivation for
crops and orchards were taken in 000 hectares at the district level. Population density
and per capita income were also included as control variables to avoid any
misspecification error (omitted variable bias).
The parameter of population density is positive and strongly significant with land prices.
It has revealed that agricultural land prices will rise with rise in population. It also has
revealed that land is a fixed factor of production, as population increases, demand for
food grains rises, and demand for agricultural land also rises. Therefore, land prices will
rise with rise in population. Per capita income shows the purchasing power of people. Per
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capita income has positive sign and significant relationship with land prices. It shows that
rise in per capita income will lead to rise in land prices.
Area under cultivation coefficient has positive sign but is not significant. It shows that
any change in hectares of area under cultivation has no influence on land prices.
6.6. Districts Fixed Effects
The concept of including districts fixed effects has been presented in the chapter five.
The district fixed effects can absorb unobserved time invariant determinants of land
prices. The negative district coefficients show lower land values as compared to the
positive district coefficients. The heterogeneity among the co-effeicients of land values
under fixed effects is due to unobserved factors. The unobserved and missing factors such
irrigation, fertility of land etc. are not included in the model.
One very interesting result is the fixed negative effect coefficient for Lahore district,
which is the provincial headquarter and centre of education, cultural, business and trade
activities, The reason for which can be traced rapid urbanization (unobserved) might be
one reason. In Lahore, Most of agricultural land has been turned into residential housing
colonies to meet the ever rising demand of houses.
6.7 Overall Model Results
R-square value is 0.93. It shows that 93 per cent variation in the dependent variable is
explained by explanatory variables (climate and non climate). F.statistic shows that joint
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significance of explanatory variables with dependent variable average agricultural per
acre agricultural land price is highly significant. Different specifications of the model are
estimated and the best model is reported. The FGLS estimation technique is used for the
estimation of fixed effect model which is selected on the basis of minimum Schwarz and
Akaike information criteria. As it was expected, the presence of autocor relation and
heteroscedasticity problems FGLS technique is used to take care of these problems. One
lag of dependent variable is also used to capture inertia in the land prices.
6.8 Conclusion
The results FGLS panel regression have revealed that Rabi precipitation has negative
while Kharif precipitation has positive relationship with per acre agricultural land prices.
Maximum Rabi temperature has positive while Kharif has negative relationship with per
acre agricultural land prices. But coefficients of maximum Kharif temperature are not
significant. One other significant outcome for the study has been to capture the marginal
climate impacts. The marginal climate impact has shown the magnitude and direction of
influence of climate variables on per acre agricultural land prices. Minimum Rabi
temperature has positive while minimum Kharif temperature has negative relationship
with per acre agricultural land price.
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CONCLUSION AND POLICY RECOMMENDATION

7.1 Summary
The objective of the study was quantification of impacts of change in climate normals to
have a vaiable and sustainable development of agricultural sector both at the regional and
country level. In this direction the study has gone to confirm the premises that climate
change impinches considerably agricultural production and also price of agricultural land.
In other words, if there is a decrease/increase in value of agricultural land due to climate
change.
It is documented in final report of Task Force, Planning Commission GoP 10 on
Climate Change that there is a dire need to quantify the impact of climate change on
different sectors of the economy for planning and policy making. The report has also
noted that it is not easy to assess the economic impact of climate change on different
sectors of the economy. But it is of very crucial importance for national planners and
policymakers to develop and shape the country‟s development plans in the most optimal
manner within the constraints of limited available resources. Viewed in this perspective,
the study in hand is the first effort to quantify the impact of climate change on
agricultural sector. It was very tiring, time consuming and enduring drill to collect data of
dependent variable. At the district level, town/village /mouza were selected to obtain the
average price per acre of agricultural land in order to capture the impact of climate
change. Town/village/mouza is the unit which is agricultural land area since 1970 to date.
The farm land was not to be situated on the road side but have an easy access to
agricultural markets. The annual average sale price of agricultural land was taken from
the mutation registers (Lal Kitab) maintained by Patwaris. To select a unit of analysis,
tehsildars and patwaris of the respective districts were interviewed. The s elected
10

. Final Report, Task Force on Climate Change, Planning Commission of Pakistan, 2010.
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town/mouza/village per acre average agricultural land price was assumed to be
representative of all normal agricultural lands in the respective districts. The same
method was adopted to collect land price data for the eleven districts across Punjab
province.

One of other distinct features inducted in the study are inclusion of Kharif and
Rabi climate variables. This had not been in earlier studies. The two seasons are crop
sowing and harvesting in Punjab and at the country level. Precipitation in Kharif season
has significant positive (∩), mean minimum Kharif temperature has significant positive
(∩) relationship with land prices. Mean maximum Kharif temperature is not significant
with land prices. With respect to precipitation, it is found that an increase of one mm in
precipitation, the land price on an average will increase by Pak Rs. 166.577 per acre in
Kharif season.

Precipitation in Rabi has significant negative (U) relationship, Mean minimum
temperature has significant negative (U) and mean maximum Rabi temperature has
significant positive (∩ shaped) relationship with land prices. Results have indicated that
with decrease in Rabi precipitation coupled with an increase in maximum Rabi
temperature will tend to increase the land price in the this season.

Population density and per capita income have positive relationship with land
prices. Both these are very important control variables, and highly significant with price
of land. The overall variables namely climate and non climate results explain in 93
percent variation in land prices as revealed by R2 value.
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The marginal climate impact is measured to capture the magnitude and also to
check the joint significance of linear and squared coefficients of climate variables.
Results have shown that in Rabi season, an increase in precipitation of one mm,
agricultural land price, on an average, will decrease by Pak Rs. 860 per acre. An increase
in maximum temperature by 1 0C will increase agricultural land price, on an average, by
Pak Rs. 25208.66 per acre.

7.2

Policy Implications

It has come out that all the climate variables, except maximum temperature, have highly
significant relationship with land prices. Climate change is imposing cost, at the same
brings-in benefits of increase in land prices in Rabi season due to increase in maximum
temperature. Benefits show adaptation made by farmers in changing climate which leads
to increase in long run net revenues.

The increase in precipitation in Kharif season tends to increase in land value. The
increase in precipitation in Rabi season results in loss from decrease in production. The
increase in mean minimum Rabi temperature being negatively significant imposes cost to
agricultural sector with increase in temperature in this season. It is for the planners to
evolve policies that benefits are maximized and costs are minimum as a result of climate
change. To minimize cost, research and development pursuits of the concerned public
and private institutions may be encouraged to develop heat and drought resistant varieties
of currently cultivated crops. Incentive policies should be framed by policy makers for
farmers to make switching from current varieties to the developed ones quickly happen.
There should be flow of information at zero cost about changing climate for stakeholders.
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7.3

Study Limitations

In order to interpret the results correctly, the limitations need to be identified. The
limitations arise primarily, due to non-availability of the requisite data. Data on irrigation
was not taken in the model as these are not maintained by the Irrigation authority on
district level. The data are at the barrage or canal head level. The data on soil fertility and
slope was also not used as GIS data is not tailored in according to requirements for time
series.
Land price data obtained from Mutation register commonly said Lal Kitab of Patwari at
the district level which is very volatile. Research studies may be done by future
researchers for other regions of the country also in the area of economic impact
assessment. Cross sectional research studies may also be done as they use micro level
household data for impact assessment.
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