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ABSTRACT

This study investigates the economic impact of atenchange on maize production in Kenya
using the Ricardian approach. The general objectiibe study is to conduct an assessment
of the potential impacts of climate change on mameduction in Kenya and make
recommendations for strategies that could be adopgemitigate the impact of climate
change. The study uses climate data drawn from AR{Arican Rainfall and Evaluation
system), soil data got from the Kenya Soil Survenducted by the Kenya Agricultural
Research Institute and household data obtained fhenTegemeo Institute of Agricultural
Policy and Development. The Results of the studjicete that climate change has an
adverse impact on maize production in Kenya. Acogrdo the regression results, increase
in temperature between March and May and increasprecipitation between June and
August will have a negative impact. Increase ircipiéation between March and May will
have a positive impact on maize production in Ken@uwerall, the study found that
temperatures have a larger effect on maize prasluctbmpared to precipitation. Predictions
from nine out of the ten climate change scenargesiun the study indicate that maize output
will decrease by up to 23% by year 2100. In lin¢ghvthe results, the study recommends that
urgent measures be undertaken to mitigate the ingbatimate change on maize production.
These measures include: research and developmegrictiltural technologies, investment
in irrigation infrastructure and dissemination wfiarmation to farmers on climate change and

possible impacts.
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CHAPTER ONE
INTRODUCTION

1.1  Background of the Stud

1.1.1 Importance of Agriculture to the Kenyan Economy

The Kenyan economy is heavily reliant on agric@tutn the period 19-1979, the
agricultural sector contributed an average of 36%he Kenyan Gross Domestic Prod
(GDP), 31.66% between 198®84 and 19¢-1989 and 27.22% betwed 990 and 1994. |
the periods 1998999 and 20C-2004, the sector contributed an average of 27.18%
26.33% respectivelyBetween 2005 an2009, the sectotontributed an average of 22.9

while between 2009 and 2D1the contributioraveraged of 22.7%n the same periods tl
manufacturing sectpra crucial sector othe Kenyan economy, contributed an averag
13.24%, 12.64%, 180%, 11.26%, 10.61%, 11.6, 10.10% and 9.65% respectiv
(Economic surveys, 197831Z).The country has therefore witnedsa decline in thi
agricultural sector’s contribution to the KenyanoBomy as the manufacturing sector

more or less remained constgigure .1).

In addition to its contribution t¢the KenyanGDP, the agricultural sector is the larg
employer, accountinfpr more than 70% of employment in the informaltee@anda further
18% in the formal sector. The sector also is aglamurce of foreign exchange for the cou

accountingor about 65% of Kenya's total exp earnings (Ministry of Agricdure, 200)).

Figure 1 1.The Contribution of Agricultural and Man ufacturing Sectors to GDP (%)
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1.1.2 Structure of the Agricultural Sector in Kenya

According to the Ministry of Agriculture (2009),ehagricultural sector can be divided into
six sub-sectors namely industrial crops, food crdpsticulture, fisheries and forestry. In
terms of their contribution to agricultural outptapd crops such as maize, wheat and bean
among others contribute the highest while livest@rid fisheries contribute the least.
Industrial crops such as tea, coffee and sunfl@mewng others make the highest contribution
to agricultural exports followed by horticulture.iskeries and forestry contribute an

insignificant amount to agricultural sector expditable 1.1).

Table 1.1: Agricultural Sub-Sectors Contribution to Agricultural Gross Domestic

Product and Exports

Agricultural Sub-Sectors % Contribution t&6 Contribution to
agricultural GDP agricultural exports

Industrial crops (tea, coffeel? 55

sugarcane, sunflower, tobacco e.t.c)

Food crops ( maize, wheat, ric82 0.5

,beans e.t.c)

Horticulture (cut flowers, 33 38

vegetables, fruits, nuts e.t.c

Livestock 17 7

Fisheries and livestoc 1 -

Source: Ministry of Agriculture, 2009

Among the food crops sub-sector, maize is the rmogortant since it is Kenya'’s principal
staple food crop. It is the largest source of ¢alortake, contributing about a third of calorie
intake, for Kenya'’s population (Kirimi et al., 2011n terms of area under cultivation, about
1.4-1.6 million hectares are set aside for grovahgnaize making it the biggest crop grown
in terms of area under cultivation. Most maize enka is grown by small scale farmers who
produce about 75% of the total production (Guaetail., 2010). Maize plays an important
role in the production patterns of small scale fnsn accounting for 28% of their gross
output (Mathenge and Tschirley, 2009).

1.1.3 Trends in Maize Production in Kenya

Food security and maize supply in Kenya are closeked, given that maize is the country’s
most important staple crop. Kenya’s food securépehds on the availability of domestically
grown maize. This is also true at the householellewore so in the rural areashe

availability of maize in the household stores magtedmine the food security of the
2



household (World Bank, 2010). In addition, maizeais important source of income for
farmers especially in maize surplus regions suchthas North Rift. Nationally, maize
accounts for about 14% of farm household incom#wagh in maize surplus areas this is
higher (Nyoro et al., 2004).

Although maize is undoubtedly one of the most ingralrcrops grown in the country, maize
yields especially in the period 1990 to 2009 haserbpoor. This is evidenced by the falling
maize yields witnessed over the period 1990 to 2@Q®9illustrated by figure 1.2, maize
yields increased rapidly from independence in 198&king in the period 1985-1989 and
finally dropping ever since. The declining maizelgls have occurred despite the increase in
maize production and area under cultivation. HoweWorld Bank (2010) asserts that the
widely noted trend of declining maize yields may necessarily be true and such results

need to be treated with caution.

The increase in yield witnessed between 1963 aB88 b@s been attributed to the adaptation
of hybrid seeds and related technologies (Karat$86). Another reason that may explain
this rapid increase in yield would be the increasearea under cultivation. Area under
cultivation increased by nearly 40% from indepermgethat is, from 1,000,000 hectares in
1963 to an average of 1.4 million hectares in 188411989 period. The quantity of maize

produced has also experienced growth during thabghe



Figure 1. 2: Maize Production Trends
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Kenya is currently a net importer of maize as altesf domestic demand outstripping local
supply. However, this was not always the case. Ft888 to around 1990, Kenya was self
sufficient in maize production and was a net maxzporter. The only exception to this was
the period 1980-1984, where a major drought aftept@duction. The transition from being
a net exporter to net importer began in earnegttienperiod 1990-94 (figure 1.3). This was
also the same period that maize yields began deglifigure 1.2). From 1990-1994 period
onwards, imports have been increasing rapidly imglyhat Kenya is increasingly dependent
on maize imports to feed its population. The insesaimportation of maize is a worrying
trend as it implies that the country is divertingrm and more of its scarce foreign reserves

meant for development to food importation.



Figure 1. 3: Maize Importation and Exportation Trends
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The falling maize yields witnessed from the ea®@Q’s (see figure 1.2) could be attributed
to such factors as shrinking land sizes and higdt aad increased adulteration of inputs.
Other factors also include limited access to atibtd credit, low and declining soil fertility,
limited absorption of modern agricultural technglpgpre and post harvest crop losses
(Ministry of Agriculture, 2009).

In addition to the above factors, policymakers hia@gun to recognize the adverse role being
played by climate change. Drought and unpredictaidather conditions have led to a
succession of crop failures. Climate change idbaity the most complex and challenging
environmental problem facing the country today. Pineblem posed by climate change is
further compounded by the increasing human pojoumlatnd demand for more agricultural
land for food production. This has resulted in thestruction of the vegetation cover and
subsequently rampant environmental degradatioma@ change is expected to cause poor
crop productivity, outbreaks of diseases and vecamd rampant soil erosion. Yields from
rain fed crops in Kenya are expected to fall byf bglthe year 2020 (Ojwang et al., 2010).
This raises serious questions about Kenya's abtlityfeed its population as Kenyan

agriculture is rainfall dependant.



1.1.4 Policy on Maize Production in Kenya

Kenya’'s main policy goal in the maize sub-secta lavays been to achieve self sufficiency
or self reliance in maize production. In order thiave this, the government has pursued a
number of policies. One such policy has been tdlseprice floors of National Cereals and
Produce Board buying prices (NCPB) as an incentivearmers to produce more. Another
policy the Kenyan government has pursued to engeunggh maize production, has been the
provision of subsidies to maize farmers. The Kengawernment has subsidized the cost of
such inputs as fertilizer and seeds. Apart fromsé¢hgolicies, the government has also
pursued a trade policy on maize that highly disagas the importation of maize by imposing

a high import duty (Nyoro et al., 2007).

However, in the pursuit of self reliance in maizeduction, policy makers have been
confronted by the classic food price dilemma. Qmndhe hand, the policy makers want high
prices for the farmers hence raising farm incomes @ the other hand, they want tolerable
prices for the maize consumers especially in thmmrareas. Reconciling these two policy
objectives has been a difficult challenge. The Itestithis dilemma is that consumers of

maize and related products have paid a highere p@n it would have been if the

government didn’t intervene in the market. Thisludes the very farmers the government
sets out to assist by setting high prices for maitput through the National Cereals and

Produce Board (Sarris and Morrison, 2010).

The increase in maize production witnessed fromntie 1990s could be attributed to the

policies pursued by the Kenyan Government. Howethese policies have failed to address
the problem of falling maize yields that has begpegienced in the last two decades (see
figure 1.2).

1.1.5 The Climatic Conditions and Agro-Ecological Anes of Kenya

Kenya has a complex climate with wide variationsoas the country. At the coastal region,
there exists a narrow belt which is relatively botl wet. Behind this, lies a large area of hot
and dry arid and semi arid region. Thereafter,|ainel rises to form the temperate highlands
(DFID, 2008). Kenya's complex climate is influenckg such factors as topography, its

proximity to Indian Ocean and Lake Victoria and #tpator (Ojwang et al., 2010).



Kenya has two rainy seasons namely: the long reé@gon that runs from March to May and
the short rainy season that runs from October toeDwer (McSweeney et al., 2008). The
highest amount of rainfall in Kenya is receivedthe highlands and a narrow coastal belt
along the Indian Ocean while the least amount égived in the North eastern parts of the

country and around the Lake Turkana (figure 1.4).

Figure 1. 4: Rainfall Distribution in Kenya

AVERAGE ANNUAL RAINFALL
(millim eters)

I
.
.
.
/3
—
=
[

> 2,000

1,600 -2,000
1,200 -1,600

800 - 1,200

600 -800

400 - 600

200 - 400

<= 200

OTHER FEATURES
" Districtboundaries

:] W ater bodies

Source: World Resource Institute (2007)

The mean annual temperatures for Kenya range fif@ tb 40C. Temperature, like rainfall
is also dependant on altitude. High altitude atemge the coolest temperatures while low
lying coastal belt and arid and semi arid areasehine highest temperatures (Kabubo-

Mariara and Karanja, 2007).

The country can be divided into seven agro-ecolgmnes on the basis of vegetation
characteristics, amount and reliability of rainfalid land ecological potential (figure 1.5).

These zones are the humid, sub humid, semi hummdi lsumid to semi arid, semi arid, arid
7



and very arid. The high to medium potential arethe country comprise of humid, s
humid and semi humid zes and make up 20% of the Kenyan land area. Thedapart o
the Kenyan population, about 80%, is located irs¢heones. In addition, most of the c
agriculture practiced in Kenya is undertaken instheones. The remaining a-ecological
zones acaant for 80% of the Kenya'’s land area. The main eaaic activity here is livestoc
keeping and tourism. Most of Kenya'’s national paakd reserves are located in these z
(Ojwang et al., 2010).

Figure 1. 5: Kenya’'s AgroEcological Zone:
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1.1.6Climate Change in Kenya

The Kenyan climatic conditions have been undelg some change. According
McSweeney et al(2008), the average temperatures in Kenya haveased by °C since
1960which translates to about 0°C per decade.

The variabilityof annual rainfa has increased. Rainfall betwellarch and May(long rains
season)has shown a decline while rainfall between Octcand December(short rainy
seasonhas shown an increase (MEMR, 200¢Furthermore, ncreasing temperatures &
changing rainfall patterns, extreme weather coowlitisuch as drought and floods h
become frequent.



This change in climatic conditions is projectedcntinue in the future. Downing C et
al.(2008) projects that Kenya will experience arrése in temperature by betwe&@ and
5°C by year 2050 while mean annual rainfall is aleing to increase particularly in the short
rainy season in the high to medium potential ardasl and semi arid areas will likely
experience depressed rainfall thereby exacerb#tmgirought conditions being experienced

in those regions.

1.2 Statement of the Problem

The Kenyan economy is highly reliant on agricultudgriculture contributes a significant
share to the Country’s GDP, total employment arngbexearnings and provides a source of
livelihood for a large part of the population espélg in the rural areas. Maize is a key sub-
sector in the agricultural sector. Maize is the mwislely grown in the country in terms of
area under cultivation. It provides the Kenyan papon with a third of their calorie intake
and a key source of farm incomes especially inrntaze surplus areas. Food security in
Kenya and maize production are closely interlink&dthe country level, the availability of
maize determines whether the country is food securet (Nyoro et al., 2007). This is also
true at the households level, more so in the aneds.

However, despite the importance of maize to thenttgu production especially in the last
decade has been poor. The reasons for this inthedeigh cost and increased adulteration of
inputs, low and declining soil fertility, decreagitand sizes, limited access to affordable
capital and low absorption of modern technologyr(istry of Agriculture, 2009). Besides the
above factors, policymakers have begun to recogthizeincreasingly adverse role being
played by climate change on maize production. tiErv@eather conditions have been blamed
for a succession of maize crop failures forcing Kesyan government to import maize to

feed its population.

Most studieSconducted on the impact of climate change on aljul sector in Kenya have
analyzed the impact of climate on general agriceltiMati (2002) and Karanja (2006)
attempted to analyze the impact of climate changéndividual crops. However, results by
Mati (2002) were inadequate as they only addresgeckcological zones, yet maize is grown

in nearly all seven agro-ecological zones while ghaly by Karanja (2006) mainly focused

! Kabubo-Mariara and Karanja, 2007; Downing, 199&cker and Velthuizen, 1996 and Kabubo-Mariara,
2009; Mati, 2002 and Karanja, 2006.



on the impact of temperature on production buethto include the precipitation component.
It is important to analyze the impact of climate@cbe at individual crop or animal level so as
to be able to get a better understanding of howatk change will affect agriculture
production in Kenya. This study sought to addriss gap in knowledge by providing

insights on how climate change affects maize prihonc
1.3 Objectives of the Study

The general objective of the study "'was to asghespotential impacts of climate change on
maize production in Kenya and make recommendationsitigate the impact of climate

change on maize production. The specific objectofdle study were;

1. To investigate the economic impact of climatarge on maize production in Kenya.
2. To predict the impact of climate change on Kenyeaize production by the year 2100.
3. To make policy recommendations based on tharelsdindings

1.4 Significance of the Study

This study sought to provide important insightsgoticy makers in the agricultural sector on
the effects of climate change on maize productiod #ood security in Kenya. Maize
availability and food security in Kenya are closgltertwined. Lack of maize at the National
Silos and the household granary implies both thenty and the households are food
insecure. With this close link between food segwitthe country and maize production, it is
important for policy makers to get a clear underdiag of the effects of climate change on
maize production. The study also sought to projpasgtation options that could be taken up
to mitigate the impact of climate change on maimedpction in Kenya. Finally, the study

contributes to the growing literature on climatamte in Kenya
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CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction

As stated in chapter one, climate change is ontefmost complicated challenges facing
mankind today. Over the last two decades, there h&en a growing number of studies on
the impact of climate change on various human iietsv This chapter provides a survey of
literature related to the economic impact of cliem&hange on agriculture. The chapter
describes the theoretical approaches used in asgpdlss economic impact of climate change
on agriculture in section 2.2. In section 2.3, aiopl studies are presented and in the final
section (2.5), an overview of the literature isyided.

2.2 Theoretical Literature
2.2.1. The Production Function Approach

The production function approach was the pioneeajpgroach used to analyze the impact of
climate change on agriculture. The approach is dagson experimental or empirical
production functions where environmental varialdash as precipitation or temperature are
inputs. These environmental variables in the pradodunction are varied so as to estimate
the impacts of climate change on yields These daimnig yields are then incorporated in
economic models so as to predicate the changeslfare as a result of climate change
(Mendelsohn et al., 1994).

Production function approach has the advantagemfiging estimates of impact of climate

that are free of bias as a result of the determgnainagricultural production that are beyond a
farmer’'s control such as soil quality (Deschened @reenstone, 2006). In addition, the
approach provides better predictions of the immdatlimate change on agricultural yields

because of its use of controlled experiments (Misote et al., 1994; Deschenes and
Greenstone, 2006).

Despite this, the approach suffers from some limoits. First, the approach doesn't
incorporate adaptation measures adopted by farmeitse face of climate change. This is
unlikely since farmers will respond to the changalighate conditions. They may introduce

new crops or replace crops with livestock. The latkncorporation of adaptation measures
11



results in an overestimation of damages as a re$uitimate change (Mendelsohn et al.,
1994). Secondly, the approach is very expensivauser of the controlled experimentation
required (Deressa, 2007). This may explains whyapgroach has been used in few sites
around the world and for a few crops mainly graidence, the approach may be of little

value for generalizing results.
2.2.2. The Ricardian Approach

This technique was developed by Mendelsohn, Norsllamad Shaw in a study done in 1994
that examined the impact of climate change on US4sculture. Mendelsohn et al., (1994)

developed this technique so as to correct the thaisthe production function approach had
of over-estimating damages to agriculture becatis#imate change. This bias was a result
of its failure to incorporate adaptation measuagem up in response to the changing climatic

conditions.

According to Mendelsohn et al., (1994), the Ricamdapproach estimates the impact of
climate change by looking at how climate in differglaces affects farm revenue or the
value of the farmland. They note that by lookingta effect of climate variables such as
temperature or precipitation on farm revenues twevaf the farmland, the approach is able

to incorporate farmer’s adaptations to climate c¢fean

This approach has gained popularity over the pridaludunction approach in the recent past
because of the various advantages it has over giodufunction approactfirst, it's ability

to automatically take into account the farmer’'smdton responseand secondly, it is cost
effectiveness. This is because the Ricardian approan rely on secondary data whereas the
production function approach would require extemsdéxperimentation which is expensive
(Deressa, 2007

However, the approach suffers from some limitaticdDee limitation is that the Ricardian
approach fails to incorporate the transition casisrmer may bear as a result of moving from
one adaptation option to another as a result ohatk change. For example, if a farmer
introduces a new crop because of changing weathmditions, the approach assumes the
costs associated with new crop will be borne byfémemer. However, if that new crop fails
and the farmer introduces another new crop, theoagh fails to capture costs associated

with moving to other new crop. The transition costauld be quite high especially in
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agriculturalsubsectors where there is extensive capital uséchwdan’t be easily changed.
Another limitation is that the approach fails toasere the effect of variables that don’t vary
across space. For example, the effect of carbaxiddidevels which are generally the same
across the world (Kurukulasuriya and MendelsohnQ80 Another weakness of the
approach is that it affected by aggregation biaswéier, this weakness also affects other
hedonic models and is not restricted to the Riearanodel only (Fezzi et al., 2010). Finally,
the approach doesn't fully control for the impattimportant variables other than climatic
factors that could explain the variation in landues or farm revenues (Kurukulasuriya and
Rosenthal, 2003).

2.3 Empirical Studies

This section presents a survey of empirical stud@sducted on the economic impact of
climate change on agriculture. In Section 2.3.hdpction function studies are presented

while in section 2.3.2, Ricardian approach studiespresented.
2.3.1 Production Function Studies
Developed and emerging economies

Rosenzweig et al., (1994) investigated the potemipact of global climate change on world
food supply. The study used data drawn from othdividual studies so as to obtain the
world picture of the simulated change in crop yiatdociated with different climate change
scenarios. To simulate the economic consequensesiated with the different changes in
yield associated with different climate scenaribg study used a world food trade model.
The study found out that developing countries wagge vulnerable to climate change than
the developed countries. The study also foundlmitadaptation options taken up at the farm

level in developing countries didn’t reduce thig ga vulnerability.

The findings by Rosenzweig et al., (1994) were sufgn by findings of another study by
Parry et al., (1999). Parry et al., (1999) inigzged the potential impact of climate change
on world food security using crop growth models ¥dreat, rice, maize and soybeans and
simulated the changes of crop yields as a resultliofate change. They found out that
climate change will affect agricultural productionore in developing countries than in

developed countries particularly those located fricA. It further noted that, agricultural
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production in mid and high latitudes will benefibin climate change while agricultural

production in low latitudes will suffer.

Chang (2002) used the production function appraacmnalyze the impact of climate change
on Taiwan agricultural sector. He used yield regj@s models andactored in farmer’'s

adaptation responses. The study focused on 60 @amopsling rice, corn, wheat, sorghum,
soybeans, carrots, tea and sesame among othensg (2@02) noted that temperature and
precipitation have significant impact of crop ylth Taiwan. He also found that climate

change will have an overall positive impact on Taivgociety welfare.

ASIA

Basak et al.,, (2009) analyzed the impact of climegltange on Boro rice production in
Bangladesh. Their study used a DSSAT model to aeallge impact for the years 2008,
2030, 2050 and 2070 for 12 locations in Banglad&kkir study also used weather data from
the regional climate model PRECIS, soil and hydymlaharacteristics. The study found out
that Boro rice production will reduce by over 20#d&b0 % for the years 2050 and 2070
respectively as a result of climate change. Thdysaiso found out that temperature increase

is primary responsible for the decrease in producti

Saseendran et al., (2000) investigated the impfactimate change on rice production in
Kerala state in India. The study used a CERESERM®del to investigate the impact of
climate change on rice production. The study udmdate change scenarios from ECHAM3
climate model. The study found out that an increas€O, concentration will lead to an
increase in rice production in the Kerala state wuthe fertilization effect. In addition, the
study found out that an increase in temperaturehaite an adverse effect of reducing yields

by 6% for every one degree increase in temperature.
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Africa

A number of studies on the impact of climate chaogeagriculture have been conducted
using the production function approach. One sucilystwas by Makadho (1996) who
investigated the potential effects of climate cleog corn production in Zimbabwe using
two global climate models namely the GFDL and CC@lats. In addition, the author used
CERES- maize model to simulate the changes in greldl associated with the different
climate change scenarios. The study found that povduction is expected to decrease as a
result of the increase in temperature. This is beeancrease in temperature will result in a

shortening of crop growth period..

Onyeji and Fischer (1994) investigated the potémipact of climate change on Egyptian
agriculture and its economy wide implications. THegused on maize and wheat in their
study. The authors used IBSNAT crop model to siteulthe changes in crop yields
associated with the different climate change sdéesaiThe study found out that climate
changes will a result in a reduction in agricultupgoduction and that the decrease in

agricultural production will have other negative@eomic wide implications.

Jones and Thornton (2003) evaluated the poterftedte of climate change on small holder
maize production Africa and Latin America. Jonesl amornton (2003) used the Global
Circulation Model (GCM) to provide the climateactge scenarios up to the year 2055. The
author then used a CERES- maize model to simutetechanges in maize yield associated
with the different climate change scenarios as peed by the GCM model. The study found
out the impact by climate change on aggregate bBold#r maize production is modest.
Aggregate Smallholder maize production accordinthéoauthors will fall by 10% by 2055.
According to Jones and Thornton (2003), this modaktin production could be easily
compensated for by better plant breeding and tdogimal interventions in the intervening

period. .
Kenya

Karanja (2006) investigated crop responses to ¢imhange and climate variability through
an analysis of crop water requirements. The stuay @onducted in six agricultural districts
namely Kiambu, Makueni, Kwale, laikipia, Vihiga amdigori. The study focused on a

variety of crops such as maize, wheat, sorghurgrsage, beans, bananas, millet and pigeon
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peas among others. The study used the FAO PenmateNMo model to investigate the
impact of climate change on crop water requiremantsfound out that climate change does
affect crop water usage. The study showed thattiean increase in crop water use as a

result of a increase in temperatures.

Mati (2002) investigated the potential effects Ifnate change on maize production in two
agro-ecological zones in the Western, Eastern ardr@l regions Kenya. Mati (2002) used
two global climate models namely the GFDL and CC&leis to provide the climate change
scenarios. The author also used CERES- maize niod#@inulate the changes in crop yield
associated with the different climate change s¢éesaiThe study found out that climate
change affected maize production in the two agadegical zones. In semi arid ecological
zone the study found climate change may cause r@akse in maize production while semi
humid, it may cause production to increase. Tluelysproposed growing early maturing
varieties, early planting and the growing of mdiz¢he short rainy season in Eastern Kenya

as some of the adaptation measures that can be ugke

Downing (1992) investigated the vulnerability of i§@n agriculture to climate change. The
study used a land use model. Downing (1992) fouridtat an increase in temperature may
be beneficial to agriculture in Highland areas t¢hetrimental to it in arid and semi arid areas.
The study also found that in an increase in tentiperamay increase Kenya's food

production potential but if accompanied by an iaseein precipitation. These findings were
supported by another study by Fischer and Veltlmu{2896). Fischer and Velthuizen (1996)
also found out that an increase in temperature avbal beneficial to agricultural production

potential in highlands but harmful in arid areasnidt accompanied by an increase in

precipitation.

Kabara (2009) analyzed the economic impact of ¢knadange on agriculture production in
Kenya using a translog model. The study used weathta from the Kenya Metrological
department (KMD) and agricultural and economic deien FAO, the Ministry of agriculture
(MOA) and Kenya National Bureau of Statistics (KNB%he study found out that increase
in precipitation and temperature negatively affeetgriculture production in Kenya.
According to the study, agriculture production wall by 23% by the year 2100. The study
by Kabara (2009) however, suffers from some linotat. First, the study didn’t include

farmer adaptations in the face of climate changedanay have overestimated the impacts
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of climate change. Secondly, the study noted thatease in precipitation and temperature
will be harmful for agriculture production in Kenyblowever, this may not the case since
increase in precipitation in some areas may agtwjticultural production for example in

the arid and semi arid areas.

The current study differs from the above productionction studies in terms of approach
used to analyze the impact of climate change. Doeeastudies used the production function
approach while the current study used the Ricardproach. In addition, the current study
differs those studies in that they ignored farmadaptation measures hence their results may
over estimate the impact of climate change on afjual production. The Ricardian
approach used by the current study automaticadigrporates farmer’s adaptation measures
in the face of climate change in its analysis. Thus able to give a much more accurate

picture of the impact of climate change on agrimalt production.

2.3.2 Ricardian Approach Studies

Developed and emerging economies

Mendelsohn et al., (1994) investigated the impdaglobal warming on US agriculture by
measuring the impact of climate change on landepridhe study used a Ricardian model
and cross sectional data on climate, farmland praocel other economic data for about 3000
counties in the United States. The study found lingtter temperature in winter, spring and
summer have an adverse effect on farm values \ulglger precipitation in all seasons except
autumn increases farm values. It also found out that higher winter and summer
temperatures are harmful to crops while higher iprdion in spring and winter is
beneficial. The study suggests that the impactiofate change may be greatly overstated if

analysis is limited to major grains

Seo and Mendelsohn (2007) analyzed the impact iofaté change on South American
agriculture taking into account farmer’'s adaptation measuring the sensitivity of land
values per hectare to seasonal temperatures angpipagon. Seo and Mendelsohn (2007)
used a Ricardian model on data on climate, farmiamces and other economic data for
about 2300 farms in South America. The study usiethte change scenarios as predicted by

three models namely the Atmospheric General Citimuiaviodel, Canadian Climate Centre
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model and Parallel Climate model. The study foumat that South American agriculture is
vulnerable to climate change. Seo and Mendelsob@7(2argue in their study that farm land
values will decrease as temperature rises as wellhen rainfall rises expect in the case of
irrigation. The authors further argue in their stubat large farms are highly vulnerable to

rainfall increases while small farms to increastemperatures.

Deschenes and Greenstone (2006) investigated dmedic impact of climate change on US
agriculture .They used both a Ricardian model dad mew strategy which they proposed
where they estimated the impact of year to yeanghs in temperature and precipitation on
US agricultural profits. The study used weathdaadhawn from the PRISM climate model,
agricultural production data drawn from Census gfiéulture and soil data. The study found
out that climate change will have a positive impactUS agriculture and will agricultural

profits by 4%. The study suggested that the Riaardpproach is unreliable since it results

can be easily be affected by small changes in abwdiriables, sample or weighting.

Fezzi et al., (2010) investigated the impact ofraggtion on the Ricardian model. The study
used a ten year panel data set of 3000 farms cqvére whole of Great Britain. The study
found out that aggregation affects the climatic fitoients. The study suggested that
predictions of climate change impacts based orRiicardian model results may be wrong
due to aggregation bias. The study also found lmait increase in temperature will have an

adverse impact on land values if not accompanieairbyncrease in precipitation.

Although the current study used the same approacthe studies by Mendelsohn et al.,
(1994), Seo and Mendelsohn (2007), Deschenes aadn&one (2006) and Fezzi et al.,
(2010) it has a number of differences from thoseliss. First, those studies analyzed the
impact of climate change on general agriculturelpotion while the current study looked at
the impact on maize production. Secondly, thoselissuused farm land values as the
dependent variable while the current study usedresgnue per hectare as the dependant

variable due to lack of data on farm values in Keny
Africa

Molua and Lambi (2007) investigated the impact bimate change on crop farming in
Cameroon based on a cross-sectional survey of 8@rhouseholds. Climate data was

sourced from secondary sources. In their analylsés,authors used the Ricardian approach
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and their results indicated that temperature aretipitation had significant impact on
Cameroonian crop farming. Increase in temperatacesrding to their study had a negative
impact on net farm revenues while increase in pietion had the opposite effect on farm

net revenues.

Gbetibouo and Hassan (2005) investigated the imgfacdimate change on major field crops
in South Africa using a Ricardian model. In theirdy, the authors regressed farm revenues
on climate, soil and other socio-economic varialftesn 300 districts in South Africa.
Gbetibouo and Hassan (2005) found out in theirysthdt temperature increase may have a
positive impact while a reduction in rainfall magJve a negative impact. The authors also

suggest in their study that a shift in growing @ats and farming practices may occur.

Maddison et al. (2004)sed a Ricardian model to assess how farmers Afridan countries

have adapted to existing climatic conditions. Théhars then estimate the impact climate
change on agriculture in those 11 countries whdeoanting for farmer adaptations that
might occur. The authors found out that Africami@gture is vulnerable to climate change.
The authors suggest in the study that even witlieperadaptation some losses will be
experienced in the agricultural sector. Howevee, size of losses will be minimal in such
countries as South Africa and Ethiopia but sigaific for such countries as Niger and

Burkina Faso.

Kurukulasuriya and Mendelsohn (2008) investigatedimpact of climate change on African
cropland using a Ricardian model. The study useah fdata drawn from a survey of over
9500 farmers in eleven countries. The study fouanttbat farm revenue are sensitive to
climate especially temperature. The study foundtbat increases in temperature will have
an adverse effect on African agriculture especiallythe hot and dry regions. The study
suggested that African governments should come itlp policies to mitigate the impact of

climate change on African farmers.

Deressa (2007) investigated the economic impaclimite Ethiopian agriculture. The study
used farm data based on a cross —sectional suhd060 households in 50 districts covering
11 agro-ecological zones. The author found thamate change affects agricultural
production in Ethiopia. According to the study,regsed temperature not accompanied by an

increase in precipitation will be damaging to Egién agriculture.
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Kenya

Kabubo-Mariara and Karanja (2007) investigatedabenomic impact of climate on Kenyan
crop agriculture based on a cross —sectional sup¥e816 households. The authors used a
Ricardian approach to analyze the impact of climatgables on net revenue per hectare.
They found out that climate change affects agnralt productivity. The study found that
high temperatures negatively affect crop productidrile high precipitation had a positive
effect. Their results indicated that medium and loetential agro-ecological zones will be
the most affected by climate change while high pidé zones may actually gain from
climate change. The study also found out that fasmaeere aware of the changing climate

conditions and had started taking up measurestigate its effects.

The results of above study were supported by anathely by Kabubo-Mariara (2008)
which investigated the impact of climate change arop selection and the adaptation
measures taken up by farmers. The study used & prodel based on cross-sectional data to
analyze the impact of climate change on crop dele@nd descriptive analysis to evaluate
the adaptation measures being taken up by farmeranalyze the impact of climate change
on crop selection using the probit model, the cropee divided into major food crops, minor
food crops and cash crops. The results of the shdlgated the choice to grow a crop or a
group of crops is affected by climate change. ®sealts also showed that temperature has a
bigger influence on the choice than precipitatiorhe study found out that for major food
crops such as maize, the decision whether to gromobwas affected by both temperature
and precipitation. Both temperature and precimtatalso had a significant influence on

decision to grow either tea or coffee, two majatcarops.

Kabubo-Mariara (2009) also examined the impactliaiate change on livestock production
in Kenya. The author used a Ricardian model andddbat livestock production in Kenya is
highly sensitive to climate change. The resultshef study indicated that livestock incomes
exhibit a non linear relationship with climate. Theudy found that a small increase in
temperature may actually be beneficial to livestogfoductivity while increase in
precipitation may have an adverse effect on it.ohdng to the study, this was because high

precipitation may result in farmers choosing tovgyops instead of keeping livestock.
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Although the current study used the same approadheRicardian studies it differs in
that it analyzes the impact of climate change @mgular crop, maize, while the rest of the
studies either focused on the impact either atlevhgricultural sector, the crop agriculture
sector or the livestock sector.

2.4 Overview of the Literature Review

The general consensus that emerges from the redfiditerature is that climate change will
have a negative impact of agricultural productiord ahis impact will be felt more in
developing countries than in the developed coestfRosenzweig et al.., 1994). The above
review also showed that production function apphoand the Ricardian approach concur
with each other with respect to the impact of cten@hange. However, they differ
substantially on the magnitude of impact. The Ri@ar approach has recently become more
attractive than production function approach in dmalysis of economic impacts of climate
change on agriculture. This is because of its tgbio automatically capture farmer’s
adaptations thus correcting the inherent bias @& pimoduction function approach of

overestimating damages as a result of agriculture.

The various studies on the impact of climate chaimgendicate that precipitation and
temperature were the most important climatic factaffecting agriculture production. Most
studies indicate that an increase in temperatulehave a negative effect on agriculture
while precipitation will have a positive effect (M@ and Lambi, 2007; Mendelsohn and Seo
2008; Mendelsohn et al., 1994 and Makadho (1996)eGstudies however, have found out
that temperature increases could be beneficiagticwdture while an increase in precipitation
could be harmful (Kabubo-Mariara (2009), Gbetib@ml Hassan (2005), Downing (1992)
and Fischer and Velthuizen (1996).

The earlier studies in Kenya used the productiorction approach in analyzing the impact
of climate change on agriculture while later stadised the Ricardian approach. In addition,

most studies in Kenya have analyzed the impactiofate change either at an aggregrate

2 Mendelsohn et al., (1994) Deressa (2007), Maddéta., (2007), Molua and Lambi (2007), Kurukulaga
and Mendelsohn (2008) , Gbetibouo and Hassan (26@&ubo-Mariara and Karanja (2007), Kabubo-Mariara
(2008) and Kabubo-Mariara (2009) Deschenes andrnStere (2006)
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crop levet or livestock level. Few studies have attemptedrtalyze the impact at a single
crop or animal level. Yet to fully understand tingpact of climate change especially in the
semi arid and arid areas, an assessment of thecingbaclimate at individual crop is
necessary. One study that attempted to analysa andividual crop level was by Mati
(2002). However, the study focused on only twooaggological zones though maize is
grown in nearly all seven agro-ecological zoneshim country. The study further failed to
project how maize production will respond to futatenate changes scenarios. The current
study attempted to fill this gap by analyzing thmpact of climate change on maize
production in Kenya. The study also projects mg@msluction responses to various climate
change scenarios

¥ Kabubo-Mariara and Karanja, 2007; Downing, 199&cker and Velthuizen, 1996 and Kabubo-Mariara,
2008; Kabara,2009
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CHAPTER THREE
RESEARCH METHODOLOGY
3.1 Introduction

This chapter describes the framework that was ts@halyze the impact of climate change
on maize production in Kenya. It begins by desaghihe empirical model that was used in
the analysis and a definition of the variablesdati®on 3.2. In section 3.3, a discussion of the
variables is presented. In section 3.5, a discosei® marginal effects and elasticities is
presented while in section 3.6, future climate acieis are discussed. Data and the sources of

the data are described in section 3.6.
3.2 Empirical Model

This study uses the Ricardian Approach to investigfze impact of climate change on maize
production in Kenya. The Ricardian model is a csesstional model that is used to evaluated
the long term impacts of climate change on agncalt The Ricardian model estimates the
impact of climate change by looking at how climaféects farm revenue or the value of
farmland. The model is based on Ricardo’s ideatti@iand rent under competitive markets
is the highest net income expected from it (Meraleiset al., 1994).

The model assumes that the value of farmland onéttéarm revenue is the present value of
future net revenue from farm related activities.t Narm revenue measures the net
productivity and costs associated with individuebpc or livestock (Kurukulasuriya et al.,
2007). Gross revenue values are ignored since malditerature argues that they exaggerate
the effect of climate (Mendelsohn et al., 1994).

The Ricardian function following Mendelsohn et(@994) can be presented as;

Where R is net farm revenue per hectaggsPhe market price of maize{§ maize output,
X is a vector of purchased inputs other than lahds a vector of climate variables, Z is a
vector of soil variables, S is the vector of theisgconomic variables and B the vector of
input prices. The farmer is assumed to choose iddgrimize the net farm revenue (R) given

soil, climate and socio-economic variables.
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Maximizing net revenue in equation (1) subjecinjouts leads to a reduced form Ricardian
model where net revenue (R) is a function of exogsrvariables. These exogenous variables
are C (climate variables), Z (soil variables) and $he vector of the socio—economic

variables). The reduced form Ricardian model takethe general form:
R= f(C,Z,5) 2

Equation 2 is said to follow a quadratic functioithathe climatic factors having squares in
order to capture the nonlinear relationship between revenue and climatic factors

(Mendelsohn et al., 1994). Therefore the equatidre estimated becomes;

R = BotP1CH+B,C% + B3Z + BuS + 11 (3)

3.3 Definition and Measurement of Variables

The definition and measurement of independent blasaused in the analysis are presented
in table 3.1 below. The dependent variable is $tigly is net maize revenue per hectare
computed by removing variable costs from the gnossze revenue. The variable costs
represent the cost of the purchased inputs suddri@izer and seeds, the cost of labour and

the cost of land preparation.

In the table 3.1, column one represents the varialime, column two the definition and
measurement of each variable and third columnhgpothesized relationship between the

dependent variable and each independent variable.

Table 3. 1: Definition and Measurement of Variables

VARIABLE MEASUREMENT EXPECTED SIGN
Precipitation Climate normal monthly mean +
Temperature Climate normal monthly mee -
Farm size Size of the farm in acre +

Household size  The number of people in the household +
Average years of The average years of education of total
education household members

Distance to the The distance to the nearest extension service
extension servicesprovider

Soil variable The dominant soil in the district +
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3.4 Marginal impacts and Elasticities

After estimating the Ricardian model, marginal ircisaand elasticities are computed so as to
assess the impact of climate change on maize ptioduc Kenya. Marginal impacts show
the change in net farm revenue as a result ofciiaihge in the climate variables; temperature
or precipitationg(Mendelsohn et al., 1994) Marginal impacts for eatimate variable are
computed by differentiating equation (3) with resp each climate variable; temperature

and precipitation. The expected marginal impaats ar

E(20) = By + 2 * E(C) (4)

Where R is the net farm revenue per hectare asdi@iclimate variable.

Elasticities are calculated so as to assess thgveelchange in net farm revenue per hectare
associated with a unit change in temperature aedigtation. Elasticities are computed as

follows;
elasticity = %(ﬁl +3,C ) where (5)
Where R is the net farm revenue per hectare and @e climate variables; and 3,

represent the coefficient for the linear and squiéeem of the climate variables

3.5 Climate change Simulations
After estimating the impact of climate change onzagroduction, the study examines how
future changes in climate will affect net maizeenewes. The study uses two climate change

scenarios namely; Uniform Change Scenarios andabloioculation Models Scenarios.

Uniform Change Scenarios

Under this scenario, the impact of climate changenaize production is analyzed by using
uniformly changing temperature and precipitatiorhe Tstudy assumed uniform change
scenarios of an increase in temperature 1 @nd 5C and a decrease in precipitation by
10% and 20%.

Global Circulation Models Scenarios

The study also analyzes the likely impact of clienehange on maize production using the
predicted changes of temperature and rainfall fistmosphere—Ocean Global circulation
models. These models are; European Center Coupledels! (ECHAM), Hadley Center

Coupled Models (HADCM), Parallel Climate Model (PEGMoupled General Circulation
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Model (CGCM) and Common Wealth Scientific and Indas Research Organization Model
(CSIRO). The predicted changes of temperature aindiatl presented in Table 3.2 are for the
year 2100 relative to the year 2000. The figureseveslapted from Kabubo-Mariara (2009).
The predicted change in temperature is measuredegree Celsius while the predicted
change in precipitation is the percentage changegét the future value of precipitation in
year 2100 we multiply the current precipitationues by the percent change in precipitation.
To obtain the value of temperature in year 2100ade the predicted change in temperature

to the current temperature value.

Table 3. 2: Predicted Changes in Annual value of @hate Variables by 2100

Precipitation ( Ramtage change )

CGCM2 CSIRO2 ECHAM HADCM3 PCM
A2- 116 123 134 124 115
Scenarios
B2- 109 109 129 115 110
Scenarios

Temperaturegriases in degrees Celsius)

A2- 7.4 8.2 7.2 8.7 5.4
Scenarios
B2-Scenarios 4.7 6.3 4.9 6.3 3.8

Source: Kabubo-Mariara, 2009

3.5 Data Type and Data Sources

Household Data

The household data for this study is based on gleaai 1446 households. The household
data was collected by Tegemeo Institute of Agrigalt Policy and Development through
interviews of farmers in the year 2000. The dateecage was 22 districts spanning over 6
province$ (see appendix for the list of districts and disition of households’ in each

district). The agro ecological zones covered ase plesented at the appendix.

4 The provinces were Central, Rift valley, CoaststEm, Western, and Nyanza.
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The household data from the survey that is of @deto the study included the amount and
cost of fertilizer used, the cost of seeds, the ob&abour, land preparation costs, amount of
maize harvested, the price per 90kg of maize, iteeaf the farm in acres, the gender of the

household head, years of education of householdoeenand distance to extension services.

Net farm revenue associated with maize producti@s womputed by taking the gross
revenue from maize production minus variable castociated with maize production. The

specific costs were; cost of fertilizer, cost didar, land prep costs and cost of seeds.

Climate Data

The district temperature data that is used in thdysis from Satellite climate data while the
district precipitation data is from ARTES (Africdtainfall and Evaluation System) climate
data. Monthly temperature averages for 14 ye@#882003) were calculated. Meanwhile,
monthly precipitation averages for 30yrs (1960-1)9&@re also calculated. The purpose for
this is to be able to analyze the long term imp&dimate on agriculture (Mendelsohn et al.,
1994). The averages for the following periods Matdy, June-August, September —
November and December-February were also calculdibd periods of interest to this study
are the March-May, June- August and September- ibee periods as they represent the
time maize is grown in Kenya. March- May and Jungpést represents the long rains

growing season and September-December short reomgng season.

To map the climate data to the households, clif@atesach district is computed and the
identical values allocated to each household iradiqular district. The soil data for the
study is drawn from the Kenya Soil survey at theny@Agriculture Research Institute. The
soil data represented the dominant soil in theridissee appendix for distribution of soil
among the various districts). Soil data was linkedhe households through the district the

same way climate data is mapped to households.
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CHAPTER FOUR
DATA ANALYSIS

4.1 Introduction

The chapter presented the results of the study.dBEseriptive results are first presented in
section 4.2. This is followed by a discussion of #stimation issues in section 4.3, after
which, the results of the model are presented otime 4.4. Marginal impacts are then

presented in section 4.5. The predictions of gletsiming on Kenyan maize production are
discussed in section 4.6.

4.2 Descriptive Statistics

Descriptive statistics are presented in table Bhk results indicate that the average net farm
revenue per hectatds Kshs.46, 030.49. The largest amount of neh faavenue per hectare
is about Kshs 2,972,958 while the least is abolisK64.97. The average years of education
per household are 5.86 years. The descriptive teegudicates that 88% of the households
were male headed. The results also indicatedhkaiverage size of the households is about

6.67persons per household.

The results also show that the average farm sieéqéasehold is 5.082 hectare with largest
recorded farm size being 204 acres and the least 9095 acres. The results also indicate
that the average distance to extension serviceadaois about 5.39 kilometers with the

largest distance reported being 62 kilometers withleast being zero kilometers. Only 9%

of the households are found in districts wheredsais is the dominant soil type.

® Net farm revenue per hectare is the total grossmee per hectare minus the variable costs peateec

28



Table 4. 1 Descriptive Statistics

Variables Mear Standard deviatic Min Max

Net Maize farm revenue per hectare46,030.49 126,700.00 64.94 2,972,958.00
(Ksh/Ha)

Size of the household (units) 6.67 2.90 1 21
Average years of education of 5.86 2.37 0.17 15.50
household members (years)

Gender of the household He 0.8¢ .3z - 1
(Male=1, Female=0)

Distance to the extension services 5.39 5.67 0 62.00
(KM)

Soil type (Ferrasols=1, Others=0) 0.10 0.30 0 1
Farm size (hectares) 5.08 8.94 0.10 204.27
N 128¢

Source: Tegemeo Institute of Agricultural Policydddevelopment (2000)

Climate

The results indicate that the average temperateieden March and May is 18 while

between June and August is 17®7 The average temperature between September and
November is 18.5€. The district with the highest temperature isfKilistrict with 25.8PC
while Kisii district has the lowest temperatureabbut15.72C.

The average precipitation for the months of MareshMay is 123.686 mm while for the

months of June to August is 72.354 mm. The avepageipitation between September and

November is 78.74mm. The districts that receivehighest rainfall are Kisii, Kisumu and

Siaya districts while Mwingi and Makueni receive tleast rainfall.
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Table 4. 2 Climate Descriptive Statistics

Variable name Mean  Std. deviation  Min Max
March —May Temperature (degree Celsius ) 18.10 240 15.72 2581
June-August Temperature ( degree Celsius) 17.67 15 2. 15.38 23.68
September-November Temperature ( degree Celsius) 8.531 2.76 15.89 25.74
March-May Precipitation(mm) 123.69 33.34 78.53 166.
June-August Precipitation (mm) 72.35 41.39 78.53 6.4%
September- November Precipitation(mm) 78.74 27.74 9.882 106.96

Source: Satellite and ARTES Climate Data

4.3. Normality of Data

The 2000 Tegemeo household data set consisted446 households of which 1357 grew
maize. Normality tests are then undertaken to icispe the variables were normally
distributed. As shown in Table 4.3, some of thealdes are normally distributed. The rule
of the thumb about normal distribution of datahattthe variables should have a kurtosis of

below three and a skewness of zero.

Table 4. 3 Initial Normality Results

Variable name Mean Std. deviation skewness Kurtosis
Net farm revenue per hectare 46030.49 126700 13.05 250.45
Average years of education 5.86 2.64 273 2.63*
Size of the household 6.671584 2.90 .49 3.57
Distance to the extension services 5.25 5.36 3.39 45&
Gender of the Household head .876 .330 -2.28 6.19
Soil type .054 .23 3.93 16.46
Farm Size (hectares) 5.08 8.94 14.48 289.97
March-May temperature average 18.10 2.4 1.74 5.73
June-August temperature average 17.67 2.15 1.26 93 3.
September-November temperature average 18.53 2.76 25 1 3.51
March-May average precipitation 123.67 33.34 12 391.
June-August average precipitation 72.35 41.39 -44 1.81*
September-November average precipitation 78.74 27.7 -.54 2.06*

Source: Authors computation
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A log transformation was done to variables with élxeeption of gender of the household and
soil type that weren’'t normally distributed to matkem satisfy the normality assumption.

However, this did not improve much the normalitytluése variables.

Table 4. 4 Normality Test Results after log Trangirmation

Variable name Mean  Std. deviation  skewness  Kurtosis
Net farm revenue per hectare 4.27 .58 -.29 4.23
Size of the household a7 22 -1.03 4.36
Distance to the extension services 51 48 -.87 247
Farm Size (hectares) .53 .38 .002 4.34
March-May temperature average 1.25 .053 1.44 4.74
June-August temperature average 1.24 .05 1.042 4 3.3
September-November temperature average 1.26 .06 6 1.0 3.03

Source: Authors computation

However, the most important basis for testing themality assumption is through checking
the distribution of the residuals. For OLS estioratto be used, the residuals must be
normally distributed (Gujarati, 1995). Resultsaippendix | indicate that the residuals are

normally distributed which implies that OLS may used.

4.4 Model Results

Estimation | ssues

The study considers the following estimation issihe$ may affect the regressions results.
A) Heteroscedasticity
This is dealt with by estimating White heteroscéidag—consistent variances and standard

errors. It is the most recommended way of dealiitg hieteroscedasticity (Gujarati, 1995).

B) Multicollinearity

Due to the quadratic nature of the climate varislalecertain degree of, Multicollinearity is
expected. It is expected that the squared clirmatees are highly correlated to the non
squared values which introduces an element of bhllinearity. Another element of

Multicollinearity may exist between climatic valuekdifferent seasons. However, this study
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ensures that the extent of this problem is redasefhr as possible by dropping some of the
troublesome variables and demeaning the climati& (aubtracting the mean from the data).
According to Amiraslany (2010), demeaning reducedtikbllinearity among independent

variables. The troublesome variables the study dioplude the average temperature and
precipitation between the months of September andehber and the average temperature

between the months of June and August.

The model results are presented in Table 4.5. Mbdmnsists of climate variables only.
Model 2 consists of climate variables and soil afales. Model 3 includes household

characteristics in addition to climate and soiliables.

The results indicate that there exists a signiticaon-linear relationship between climate
variables and net farm revenue per hectare as showe three models. According to the
results, high temperatures between March and Mase e adverse effect on net farm
revenue. This may be due to the disruptive rolé h@gmperatures during that period may
have on the formative growth of the maize cropr(fative growth of the maize plant takes
place between March and May). The results alsocatdi that the average temperature
between March and May has an inverted U shapetiae$hip with net maize revenue per
hectare. The positive squared term for March-Magrage temperature indicates that there is
a minimum level of temperature during that perieduired for maize production and that

more or less temperature during that period wdtease net farm revenue per hectare.

The results also point out that high precipitatimetween March and May has a positive
impact on net farm revenue while high precipitati@miween June and August has a negative
impact. High precipitation during the months of Efato May would have a positive impact
on the formative growth of the maize crop whilethigrecipitation between the months of
June to August would disrupt the maturing and hetimg of the maize plant (Kabubo-
Mariara and Karanja, 2007).

According to the results, the precipitation betwdane and August has an inverted U shaped
relationship with net maize revenue per hectarelenttie average precipitation between
March and May has a “U” shaped relationship with §ame. The positive squared term for

average precipitation between June and August atescthat there is a minimum level of
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precipitation during that period required for maipeoduction and that more or less
precipitation during that period will increase riatm revenue per hectare. The negative
coefficient for squared term of the March-May agergrecipitation indicates that there is an
optimal level of precipitation between March andyMeom which the net farm revenue per
hectare will decrease if it increases or decre@desdelsohn et al., 1994). The findings with
regard to precipitation and temperature agree witlse in Kabubo-Mariara and Karanja
(2007) and Deressa (2007) who found out that reghperature during the formative period
of crops has a negative impact on net farm reve@eundectare while high precipitation has a

positive impact.

Introducing the soil variable (Ferrasols) in motieb increases the F statistic from 13.93 to
24.22 but increases the R squared statistic from 0.05210.0922. The soil variable

(Ferrasols) has a negative and significant relatign with net maize revenue per hectare.
This is in line with the author expectation thatdésols soils are poor quality soils for maize

production.

Results in model three indicate that, all houselahdracteristics with the exception of
distance to the extension services have a posiéiagionship with net farm revenue per
hectare. However, only average years of educatohfarm size have a significant positive
relationship with net maize revenue. This implies higher farm sizes and education levels
are associated with high productivity Distance he E&xtension services has a negative
relationship implying that the further the farmerfiom the extension service the lower the
net farm revenue per hectare. However, the relghignis insignificant. The introduction of
the household variables in the third model redubesF statistic from 24.22 in the second

model to 18.05 but improves the R squared to 0.1232
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Table 4. 5 Estimated Results Per Net Farm RevenueePHectare

VARIABLES MODEL ONE MODEL TWO MODEL THREE
Constant 4.37 4.52 4.12
Marct-May temperatur -0.12*(0.000) -0.12 *(0.000 -0.11.* (0.0(0)
Marck-May temperature squar 0.011*(0.001) 0.00¢&.* (0.C19) 0.00€* (0.032)
March-May Precipitation 0.003 (0.383) 0.00a.264 ) 0.005 * (0.166)
Marct-May precipitatiorsquare -0.000:*(0.002) -0.000: *(0.000) -0.000£+(0.000)
June-August precipitation -0.005 *(0.040) -0.0@6.650) -0.007* (0.004)
June-August precipitation squared  0.0001145*(0.000) 0.0000989.*(0.002) 0.0000916 *(0.003)
Soiltype (Ferraso) -0.57. *(0.€C00) -0.5€ * (0.0C0)
Gender of the household Head 0.097 (0.062)
Size of the househc 0.14(0.C7C)
Average years of education of the 0.23 *(0.000)
household squared
farmsize 0.11 (0.010)
Distance to the Extension services -0.006 (0.892)
Number of Observations 1288 1288 1288
R square 0.052! 0.092: 0.123:
F statistic 13.93 * (0.000) 24.22 *(0.000) 18.05 *(0.000)

* Significant at 5%,

() parenthesis represents the P values

4.5 Marginal Elasticity

The relationship between climate variables and t faen revenue per hectare is further
investigated using elasticity analysis. Elastgdstare calculated at the mean so as to assess
the relative change in net farm revenue per hectemsociated with a unit change in
temperature and precipitation (Gbetibouo and Has2z0b) .

According to the results presented in Table 4.6gasing temperatures between March and
May from the current levels would reduce net faravenue by 43% while increasing
precipitation between March and May from the currlvels would increase net farm
revenue by 13%. An increase in precipitation frdme turrent levels between June and
August would reduce net farm revenue by 12%. Thslte also indicate that net farm

revenue is more sensitive to changes in temperdtarechanges in precipitation.
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Table 4. 6 Estimates of Elasticities to Climatic Fetors

Temperature Precipitation
Marctr-May -043 0.1z
June —August -0.12

4.6 Predicting the Future Impacts

In this section, the study simulates the expectetire impact of climate change on maize
production using two climate change scenarios natdeiform Change Scenario where the
study assumes that temperature and precipitatieglsleshall change uniformly across the
country and climate change scenarios produced gy ttmosphere—Ocean Global
circulation models (AOGCM). Regression results froradel three in column four of table
4.5 are used to analyze the future impact of cknatange. To get the impact of future
climate change, temperature and precipitation dnested to the different climate scenarios.
The difference between the old and the new climatgables is then plugged in the
regression result from column 4 of table 4.5 stoasalculate the change in net farm revenue.

Future Climate change impacts are calculated atkeage net farm revenue.

Uniform Change Scenario
Results for impact of climate change under unifaimange scenario are presented in table
4.5. Uniform change assumes that only one climaigable changes and such change is
uniform across the region. The uniform scenaricngea are an increase in temperature by 2

% and 5°c and a decrease in precipitation by 10% and 20%.

Table 4. 7 Uniform Scenario Impacts

% Change in mean net maize  Change in mean net maize revenue (in

revenue units)
2°C Increase in temperature (0.4) (0.188)
5°C increase in temperature (0.74) (0.35)
10% decrease in (1.58) (0.07)
precipitation
20% decrease in (5.8) (0.25)

precipitation
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The results in table 4.7 indicate that increasemgperature by Z and 5°C and decreasing
precipitation by 10% and 20% has a marginal advargect on net farm revenue per
hectare. These results agree with results by KaiMdrgara and Karanja (2007) and Deressa
(2007) who found that increasing temperature arctedeing precipitation would have an

adverse on crop agriculture in Kenya and Ethiopspectively.

Global Circulation Models Scenarios

The results of the simulated impacts on maize prboln using climate scenarios derived
from Ocean Global circulation models (AOGCM) areganted in table 4.10. According to
the results, net farm revenue per hectare willidech all global circulation model scenarios.
ECHAM global circulation model scenario indicatdge tmost adverse future for maize
production in Kenya while CGCM2 paints the leaste@ll, climate change will have a

negative impact on maize production by the yea0210

These results are in line with other results by d&ak(2009), Deressa (2007), Kurukulasuriya
and Mendelsohn (2008), Kabubo-Mariara (2009) Kadubo-Mariara and Karanja (2007)
who found that agriculture production would redbgehe year 2100.

Table 4. 8 Forecasted Impacts for the year 2100

CGCM2 CSIRO2 ECHAM HADCM3 PCM
A2- Scenarios (%) -11.77  -14.91 -23.21 -15.21 -11.03
Change in net maize revenue(units) -0.50 -0.64 -0.99 -0.65 -0.47
B2- Scenarios (%) chan¢ -8.8(C -9.62 -18.47 -11.37  -8.14
Change in net maize reven(units -0.3¢ -0.41 -0.7¢ -0.4¢  -0.35
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CHAPTER FIVE

SUMMARY, CONCLUSIONS AND POLICY RECOMMENDATIONS

5.1 Summary and Conclusions

This study analyzed the impact of climate changen@ize production in Kenya using a
Ricardian model. The data for this study was based sample of 1357 households. The data
was sourced from Tegemeo Institute of AgricultuRdlicy and Development. The
temperature data that was used in the study was f&atellite climate data while
precipitation data was from ARTES (African Rainfafid Evaluation System). Soil data was

sourced from the Kenya soil survey conducted by<ieya Agricultural Research Institute.

The general objective of the study was to condacassessment of the potential impact of
climate change on maize production in Kenya. Anothigjective was to simulate future

impacts of climate change on maize production imy&eand make recommendations for
strategies that could be adopted to mitigate th@ath of climate change on maize
production. Five Global Circulation Models were dige produce ten scenarios that were

used to analyze the impact of climate change ozer@ioduction in Kenya by the year 2100.

The regressions results suggest that climate hemgnificant impact on maize production.
Increase in March-May temperature and June —Augrestipitation was found to have an
adverse impact on maize production while increaddarch-May precipitation was found to
have a positive impact. The results are in linditdings by Kabubo-Mariara and Karanja
(2007), Kabara (2009) and Kabubo-Mariara (2009) Whmnd out that climate change will
have an adverse impact on agriculture in Kenyae dthdy found out that temperature has a
bigger impact on maize production as compared ézipitation .This is evidenced by the
elasticity of temperature and precipitation. Thasult supports findings by Kabubo-Mariara
and Karanja (2007) and Kabara (2009) who foundgelaelasticity for temperature than for
precipitation indicating that agriculture in Kenys more sensitize to temperature than

precipitation.

Simulations from the climate scenarios indicate thnaize production could fall by up to
23% by the year 2100. ECHAM scenario paints theksset picture, predicting that maize

production could fall by 23% by the year 2100. @derall scenarios indicate a decrease in
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maize production by the year 2100. These resuéisiratine with expectation that climate

change will negatively affect agricultural prodoctiin Africa.

5.2 Policy Implications and Recommendations

The results indicate that overall climate changdl tvave an adverse effect on maize
production in Kenya and hence may also have anrseweffect on food security. This is
noted because of the close relationship betweerengaailability and food security as maize
is the country principal food crop. Therefore, pplefforts should be directed at addressing

the impact of climate change on maize production.

One critical policy intervention would be raisingg@eness among maize farmers on climate
change by providing climate change related inforomatlt is estimated that only about 50%
of farmers in Africa (including Kenya) are aware dfmate change and its impact on
agriculture. Increasing awareness would requird tha government actively monitors
climate change, encourages research into climatengeh and sets up information

dissemination channels to farmers (Kabubo-Mari2089).

Another policy intervention would be raising theuotry’s forest cover. Through the carbon
cycle, forests help reduce the amount of carbadhenatmosphere, a gas that is the primarily
driver of climate change. The government shoulduesn forests are protected from
destruction and that it implements it policy of giag more than a billion trees by the year
2030. Communities living around forests should lzlenaware of the need to protect forests

and use forest resources sustainable.

Kenya is fresh water scarce country and climatengbas expected to further reduce the
availability of fresh water in the country. Givdmg, there is a need for proper management
of the few fresh water resources available. Theeguwnent should construct water pans and
dams, protect water towers and encourage raingaldsting. In addition, the government
should construct water recycling facilities andsiraj awareness on the need to use water
sustainable.
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Irrigation is another policy option that could bensidered to mitigate the impact of climate
change. Maize production is largely dependent orfathand a paradigm shift from rain fed
to irrigation based maize production may not onlyréase production but make it resilient to
climate change. Finally, effective dissemination alimate related information to maize
farmers should be urgently undertaken. Farmersldhmei informed on climate change and
its likely impacts on maize production. This reggirthat government sets up effective

extension service programs (Gbetibouo and Has$#h)2

5.3 Limitations of the Study and Areas of Further Researt

Although this study makes a contribution to literat on the impact of climate change in
Kenya, the study has some limitations. First, tlaadused in the study did not include
information on farmer’s perceptions of climate ofpamnd what adaptation measures they are
taking up. This information would have facilitatdte analysis and modeling of the impacts
of climate change on maize production in Kenya vaitld without adaptations and compare
the difference. The study recommends that futuneiss on impact of climate change on
agriculture should take into consideration the &align measures of farmers. Another
limitation of the study is that the study uses dataone time period. As Kabubo-Mariara and
Karanja (2007) argue, a better analysis of the imlpact of climate change on maize
production can be achieved using time series infion. This study therefore recommends
that future studies use time series data or pasa Wwhen assessing the impact of climate

change on maize production.
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Appendix I: Normality of Residuals

-2

2
Residuals
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Appendix II: Distribution of Households

Province District Households Agro-ecological @on Soil type
Central Murang’a 72 UMO-1 - Upper midland -1 Nitisols
UM2-6 - Upper midland 2-6
Nyeri 102 LH-Lower Highland Nitisols
UM2-6 - Upper midland 2-6
Coast Kilifi 54 CL- Coastal Lowlanc Luvisols
Kwale 25 CL- Coastal Lowlands Luvisols
Taita Taveta CL- Coastal Lowlands Ferralsols
Eastern Kitui 19 LM3-6 - Lower midland 3-6 Fermalls
Machakos 22 LM3-6 - Lower midland 3-6 Acrisols
Makueni 75 LM3-6 - Lower midland 3-6 Luvisols
Meru 85 UMO-1 - Upper midland -1 Nitisols
Mwingi 34 LM3-6 - Lower midland -6 Acrisols
Nyanza Kisii 91 UMO-1 - Upper midland -1 Nitisols
Kisumu 103 LM3-6 - Lower midland -6 Cambisol:
Siaya 74 LM3-6 - Lower midland 3-6 Acrisols
Rift Valley Bomet 41 LH - Lower highland Nitisols
Laikipia 54 L - Lowland Phaeozems
Nakuru 108 LH - Lower highland Andosols
UM2-6 - Upper midland 2-6
Narok 25 LH - Lower highland Cambisols
Trans Nzoia 61 UM2-6 - Upper midland 2-6 Gleysols
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