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Abstract

Kenya, which has been traditionally near self-sufficiency in
most food-staffs, faces the imminent danger that rapid population growth
may overtake increases in food producticn capacitiy. In a situation where
the international community and donor agencies have been aiding Kenya both
in terms of research development and food-aid, there is the logical
pressure to justify research budgets in the face of slow agricultural
productivity increases. Wheat is one commedity whose productivity increase
has not marched demand. This study analyses the returas to wheat research
and the policy factors that may affect those returns. The study applies
time series econometric anzlysis with receunt modifications of the Ercor
correction models.
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I THE PROBLEM

Kenya relies heavily on the agricultural sector for the produc-
tion of food and generation of income, emplovmeri and foreign exchange
earnings.  Yet the agricultural sector is faced with problems that have
to be resolved in order for it to continue playing a major role in the
country's economic development. First, only 2C per cent of Kenya's land
area is suitable for agricultural production. This poses a major problem,
particularly in a situation of rapid rural population growth. Land pressure
is already being felt in the high potential parts of central and Western
Kenya. This has exacerbated the problem of rural-rural and rural-urban

migration.

The more potent problem of this migration is environmental de-
gradation caused by the intensive cultivation of poor soils and the clearing
of sparse bushes far fuel wood and grazing land. &Even though the environ-
mental impact has not yet been fully documented, already there is a
national awareness of the fragility of the ecosystem. At the household
level the shortage of such resources like fuel wood for cooking is already
posing a major problem in both the high and low petential parts of the

country.

The agricultural sector has also been undergoing structural
changes that have implications on food and incowe policy. Farmers have
been switching to high value export and industrial crops at the expense
of food crops. There has been debate as to what the implications of this
are for the process of agricultural develcpment (Odada 1987; Kenedy, 1987,
1989). The food and cash crop trade-off has implications on income distri-
bution as well as on fcod security. For instance ,maintaining low food
rices to protect urban consumers shifts income from the -rural areas to the
urban areas. On the other hand,both individual and regional income dis-
tribution will be reflected by the distribution of the cash crops vis-a-vis

the food crops.

The major policy objectives of the Kenya government have been
broad self-sufficiency in food production, increased earnings to farmers
and increased foreign exchange earnings from agricultural exports, One
of the guiding principles has been that agriculture should grow fast enough
not only to feed the rapidly increasing population but also to provide sur-

plus resources for investment in industrv and infrastructure for social



FRESYRTE S A

development. This was *o wuve achiaved through rocreaced cgricaltural produc-
tivity. .Indeed, given the:shortage of arable i . wvresearch and developrent

<

(R & D) have to play a major vele in improved woductivity,

There. 1s evid 'nce that Kenya's econony has reached a turning point
in terms of the brsad =2conromic. gtpucture, 7“his iz particularly true withirn
the agricultural sector where institutional and structural changes are
rrequired tn combat the.bottlenzcks that have become evident in the 1980s
(Kenya 1986, 1989 World Bank 1989}, The key issue is how to increase
agricultural production without compromising the objectives of food self-
sufficioney, environmental protection and income equality. Because of the
land constraint, the solution li2e in inteusive Hut not extensive agricul-
ture. To achieve this requires _he adeguaic development of agrinultural
incentives, services and institutions needed¢ to encourage innovation and
investment (World Bank, 1984). Innovation will cacur +hreough increased
agricul-urcl resesrch ard develo-ment (i & D). While privats Zuvestment
is a function of relative returns to arriculture and other incentives, re-
search s a function c¢f a wice 'range of factors. most of them liked to

public policy.

One of the key auestions is whether macroeconomic policies bave
any rcle to play in such & tranziormaticn., Tra ov.icmment of incentives
and institutions will depend on rational agriculitural and macro-ecobomic
policies. It is thercfcre imrerative that he consequences of past a
cultural and macro-econcmic policies on the agricultural sector be well
understood in order to design new sirategies for increasing agricultural

productivity in the years to come.

These questions can beaised wath respect to'a specific commodity
within ~he agriculturzl sector. This study focuses on wheat research and
production  in Kenva. Wheat:production in Kenya- faces a aumber of challenges.
From the demand side wuecat consamption 1s likely to -expand'at .2 :rate of 7
per cent per annum in the next decade due to rapid population expansion
and increased urbanization. On the supply side even though vields have
improved from 1.32 tones per hectare in 1964 to :I.76 tones in 1985 and
production increased at a wate of 10 per cent per annum,” today. domestic
production satisfies only €0 per cent of consumption and ‘the gap ‘between
production and consumptiion is likely-to expund. It is therefore logical
that self-sufficiency iu. wheat include wheat imporits. The pertinent. question

is what role domestic wesecarch and production rolicy’ should play in such
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an environment. Is it desirasle or even possit”™ “or Lenya to produce
enough wheat to meet domestic concumption requarement? Iif imports are
inevitable. what is the role of wiheat research and how can we tell if the
current research agenda is appropriate? Thesze are the central cuestions

in this study.

Studies done alsevhere have shown returns to wheat research
ranging between 11-12 per cent to 125-170 per cent {Daniels at al 1983).
The rate of return depended or the existence of other infrastructure like
irrigation networks and good marketding policies. The key question is
whether Kenya has the infrastructure to benefit from increased wheat re-
search or not, and if so, what rate of return would be thie minimum required
to justify continued wheat research. Secondly, studies on wheat research
in the developed countries shov ar deliberate choice either towards chemical,
Iological or mechanical technology depunding con the resource constraints.
We would like to determine what coption Kenva's wheat research has taken,

and on what criteria.

II) -OBJECTIVE

Py

Qur main objective in this study is. to ~ -lvze Kenya's wheat

sector and determina the interaction amcng research and development (R & D),
yield, area planted and the overall trade and macroeconomic policies of
exchange rate and intervest rate determination. TIndeed, there 1s a wide
spectrum of issues that one can lock at in terms of the link between
macroeconomic policy and wheat rroduction. However, in this study we
specifically shall concentrate on: 1) Measurine .the returns to past in-
vestment in wheat production in Kenya; 2) Modeling the effccts of trade,
price and macroeconcmic policies on the wheat sector; 3) Quartifyirg the
impact of these policiles on the returns to wheat producticn research and U)
Designing a forward-leoking policy framework which increases Kenyen .wheat

production at minimum cost to the economy.

At the domestic level wheat faces twe challenges., One is the comne-
tition from maize and barley whict grow in the same agro-ecclogical zones
as wheat and they may be more profitable in monetary terms than wheat to

farmers. With the continuous subdivisionvﬁén%gnd due to population pre-
]

ssure farmers are likely to switch . from./ to maize groduction. The
, wheat
second -challenge is from triticale (a cross-breed between / .and rye) and

sorghum. Asro-industrial research on these two crmmodities has shown that
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they can be used in making bread just as wheat and they have the advant-
age of being resistant to drought. ~iven these o .llenges, the key question
is how much of the scarce national resources should be devoted to wheat
production and research. Our final objcctive is then to analyze different
policy scenarios and evaluate their impact on returns to research, output

and the overall welfare of the Kenyan people.

TII) 1IMPORTANCE OF THE STUDY

While Kenva has been rear self-sufficient in most food-stuffs, there
is the imminent danger that the rapid population growth rate may by-pass
food producticon capacity thus leading te an increasing feod import bill. In
2 situaticn where the interietional community and denor agencies have been
aiding Kenya both in terms of research development and food-aid, there may
be the pressure to justify their research budgets in the face of slow agri-
cultural productivity growth and nrojections of increasing food shortages
over the next decade. The wheat sector in Kenya is one of the clearest
cases of this scenaric. There is the need to clecarly define Kenya's wheat
research objectives and to measure the impacts of past research endeavors.
More important is that relatively very few studies on returns tc research
have been done in Kenya and Africa as a wiole ccrrored to other parts of
the world (Daniels 1839, Kzranija 1990). This study wili be an addition to

The
the scarce studies on/rate of return to agricultural research in Kenya.

Secondly, one of the major tasks of agricultural planning in Kenya
has been to synchronize production targets as provided by the Ministry of
Agriculture and the financial requirements by tiue Treasury. For instance
subsidies to the various parastatals inveolved in agriculture end up being
borne by the Treasury. So long as treasury activities influence macro-
economic variables like the menev supply, interest rate, exchange rate and
inflation, decisiong taken in the agricultural sector will have impacts on
the overall economy and vice versa. Even though this igsue has been raised
in the planning circles, no commodity studies have been done to determine

the interactions between commoditv policies and macroeconomic pclicies.

Thirdly, Kenya is an cpon economy relying heavily on imports and
exports for economic develcpment. Trade shnocks and the way they are managed
will therefore continue having a significant impact on Kenya's economy.

The difficulties associated with mnepotiating international commedity agree-

ments have made it imperative for develeping countries to learn how to
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survive in unstable international commodity ma~ . nather than to hope
foer a stable one. This reguires internal mocroeconomic policies that weuld
facilitate fast responzes by the agricultural scctor to the changing world
commodity environment. This is particularly critical in many developing
countries which need imported capital gocds for econcmic development in
the face of increasing food import bills {(Scohie 1981). Thus there is a
need to understand the interacticn between international trade shocks and

demestic commodity production.

rature on agricultural pclicy irdicates increasing emphasis on understand-

ing the role of macroeconcwmic pelicies in agricuitural development. This
has been necessitated by the continuing debate in maeroeccnomics on the
impertance of certain policies witldn the econumy and the linkapes among
micro, secteral, macro and international variables. Underneath any policy
model is the question: Dc policies really matter? While advances have
been made in this area in the devaloped countri:s, few studiez have been

done in the developing world.

IV) RESEARCH METHODS
a) Towards a Theoretical Tramework

This study will be dene within the framework of economic theory

and agricultural policy, based on two fundamental theoretical assumptions:
1) that farmers as eccnomic ayents aim to optimize net return on agricul-
tural output over-time and in deing this tbey resrond to real factor and
output prices jin the eccnomy, and 2) that through decisions on trade, money
supply and taxation the government influences the pelative prices in the
economy. As to the first assumption there is evidence to show that Kenyan
farmers are responsive to price changes, especially the large commercial
wheat farmers (Heyer et al 1976, Maitha 1974, Kere et al 1986). The second
assumption has been a matter of great intellectual debate in macroeconomic
theory. While there is no agreement as to the direction and magnitude of
government influence on macroeconomic variables, there is the consensus that

government policy do=s indeed influence macroeccnomic variables.

The basic model in this study is the demand and supply of wheat as

functions of wheat prices, prices of close substitutes and compliments,

R

inceme and a wide range of other shift'facters. From this demand and suprly
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relationshir we can estimate the imnrcvement of =-tional welfare due to
increased wheat yield emanating from vheat 1csearch using the rate of
return and social surplus methods (Daniels et al 1989). We can relax as
many assumptions as possible concerming the estimation depending on data
availability and the computation methods. For instance while many studies
have assumed the government pclicies as exogenaus we will internalize them.
Since the 1980Cs many studies have been dcne in the developing countries
aimed at measuring goverraent pclicy impacts Ly internalizing the policy
variables in the demand end supnly framework {Scobie 1981, Krishna and
Chhibber-1983, Oyejide 1785, Levan, Collier and Gunning 1987). Others have
taken a secteral apprcach to analyze different scenarios of rovernment

pelicy using Ceomputable General Bquilibrium (here after CGE) models.

Questions have been raised about the robustness of koth-econometric
demand end supply models as well as CGE models. For instance the CGE models
are based on the assumption of flexible prices, thus marketing clearing condi-
tions. It could ke possible that prices co net clear in the short run. WModels
have been developed that combine both short run nrice rigidity and long run
price flexibility. For instance using Errcr Correcticn Models (here after ECM)
one can test for long-run equililrium relationship among variables while allow-
ing for short-run deviation from the ecuilibrir. (Engle and Granger, 1987,

Robertson and Orden 1988). We will try to anply the ECM apprcach in this study

The study of the impact of macro-economic policies on apriculture has
been done at two interrelated levels. The first has been to determine which
among the various macro-economic policies affect the agricultural sector. The
second has been looking/the mechanisms by which these policies affect the agri-
cultural sector. It has, however; been difficult to separate the policy from
the process. One aim of this study is to device a method of analyzing the inte

relationships among macroeconomic policies and sector specific variables.

The two categories of macroeconcmic pelicies are the fiscal and
monetary policies. 1In general, monetary nolicies have attracted more
interest among macro-econcmists tlhan fiscal policies (Schuh 1981, Frankel
1984). In Kenya, monetary policies were rarely used as policy instruments
until the 1970s (Killick, 1381'. Monetary policies affect the structure
of interest rates, the foreign exchange rate and the general and relative

price levels. As stated earlier, it will be assumed that agents within
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the agricultural sector (farmers, middleman . re and government)
take their decisions based on the actual and exyoected values of these
variables in the economy.  The Ffirst ilevel of analysis is whether
monetary policy affects the ahove thrze variables and in what direction.
Our aim will not to test the cheory of this relaticnships but make
rlausible assumntions about the long run equilibrium relationships and
determine the short-run deviation from this long run rolations using the

ECM and other time series models discussed below.

. 1

Since the 1980s many studies have Peon .deone, perticularly in the
Developed Countries, to show the link betwecen macroeconcmic policy and
agricultural perfeormance. Among the interesting studissz in the USA are
these by Chambers (1984) and Frankel (1984) who have shown that monetary
and exchange rate policies have significant influences on the agricul-
tural sector. Applying similar methods cf anmalvsis to .Brazil ana New
Zealand, Bessler (13”4) and Rebertscon and Orden {1988) respectively came
up with the same ceonclusions that monetary policies do affect the

)

relative price ratios between agriculture and cther sec*torsz of the

ecornomy.

The ECM analysis has two major problems: a) degrees of freedom
and b) the identification procedure. It is obvious that if many vari-
ables are included then, given long lag lergtis, the degrees of freedom
may be compromised. Secondly, the identification method mav assume

certain structures that may not cenferm with reality.
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Research methnds Pre tn nome extend limitad by dara availability
and the rnature oif che i.suz under investigaition. Givea our. four objectives
we will try to use the wost appropriate suaiytic:l methods given the dets
limitations. ~However we will emp! asize three s:sly.:ccl methods; cost-benefit
analysis, time seyins scouometric analysias aad qualitative analysis.

The cost-benefit

of return of wheat research in Ke.yd.

3n ex post fashion. f-cussing on
the research benefits. The be.e
curve of the given preduc: which

wilfare., Many s=tud @2s have been

I3 4

anad ;o

i will pe used rto determine the riite

This mathnd will be applied in

past waszarch iovestmonds, and measuring
ita arz measured by che shift ia the supply
wiil leod to ax improvemen: in social

done using this meraod both ju the developed

and developing countries (Kzrania 1990).

Some potantisl arebilame inzlude th. J=27k of ‘data, »orticul-riv in
developing countriev and the pronbiem of cepar t g the effects of other supply
shifters l1ikes extension, infrastructics and pol Wi h respect to the [.rst
problem there may not be 5 serious deia constral.c since whr2at has beazn grown
and researched for over 80 years. Data wmay be available for au leasc the
last forty years, which iz cxcellz.t by develoning <ouatyy standards.

With respect Lo ihe second probiem. it is tiue thar other
intervening factore have coatributed towardr ircreased wheato productivicy
in Kenya., More so the international research cowmuenity and donor agenclies
have plaved a2 ceutr:l role in the promocinu of il rvesearch itseli. Historicallw

wheat farmers have ihe §

adoption (Huxley, Wi wil

e

information as pus

will also rely on qualitatire in

a g~ample of wheat farmeyc to de

and research.

e

tecmine their experience ia whe

orefront of

1

winaat produciicon ianovation and

therefore incorpotvsate as much economeiric

the

1 £k s

icolate afiects nf r1esesarch. but

Tovmailon wheu appropriate.

jas}

There is also the prohlem of trvirg fo uscortain whether the
benefics of research go to farreve or urban consumers faor equity purposes.
Whils manv studies have fnvoved dive~iiyy »-gearch benefit so farmsrs
(Daniels et al 195%). it is the case in Xeuys that Yarmers who grow wheat may
be wealthier than the urbar cousumers, so thet .- yvify purposes. it may
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be desirable t¢ direct tva henaiiis of wheat research t¢ consumers. This

issue will be developed in detail in the study.

c) lwpact of Macvcahconomic and Pice Poliiciszs,
The time series wconometric wodel wiil be used in analyzing the

link between wheat production and reseach and goverument macroeconomic and

price policies. Im thie study we do howve @ mazoer problem wich data in that we

~-

have annuai data of the variables under ilavesiigation for ouly 45 years. UWn
will try to deturmine wayvs ol viilizing limitad observatious in VAF and QM

models; Yor instance deniing with fewer voriables at @ cime. The othsr
&
problem s that many strucrtural changes harz taken place not aaiv i the wheat

sector alone but also i the rest of the Xeayan economy. We will also have

to look for ways of dealing with this prohliem,
The basic model.

Suppose we had a coaventional s.multanenus damand and supply

model of the form:

By

w5 N ©
. d'{t RN £

~~
p g

P

where ye is a vector {(m:d; of endogenous var’ioles, o is a veevor (kxl) of

e
endogenous variables, B and a are structnral prramecers and ¢ 1o a vectasr

tluen che

(nx1l) of <he ervors with zervo mean and counws:i.ni vaviarn

equivalent will be:

LV . (7
- Bi“t -~ i .aut £2)

where yt is a vector (nxi) variables., B aud 2 are wvuctors on the
contemperaneous relaticaship becwec yt and ut, and BI a parameter matrix
of the dynamic: link among the varizbles yt. we can cbeain the inverse of

3 such that equution 7 becomes

- vyt .mt 3
Y. y [
whare = P bi. ot =iaut 21d cov {(nt) = B- _ B~1

aa

1

Equation 3 is central te the identification, astimation anc

C
o
&
o
O

analysis of VAR models. A wide ruo:ge of anaivses -.d rests cau be done

fun
I

model dn equation 3. In this paper we willi Jd.overmine the behavior of ©
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variables like rosearch enpendituce, wheat prio .o, interest rates, money
Lirg each feor unit-root and

i)

supply aud. the exchang: rote over time by
co~integration. We will alro use el Gronger lovcaliiy and Peospsunse fnalysis
to determine the responsas of the vorlous variables te differaut shocks.

ln our case we will be intevaested in the impact or macrozconsmle and nrica

shocks on wheat output {yizid Areal.

The VAR and TG ve gression -anaiysig will -be vocd o determine paraneters
astimates of whest product’en and demand az functions of lagg:ad outpuc
relative prices, e2xchange rate ane sutevest calte: as endogeaous variaoles.

Simvttanaous

[ReN)
<
vl
o
o
j]
0
bl
[N
o]
ri
U
¥
w
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o
qv
@]
=
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Factors such as weacher condictions wi
equation systems with legged variables will be applied in order to-captur:
the links among the varfables as w=1l ac a suppiy and demand ralacions of ch:
wheat murret. Assuwrisg loug-run equilibrius of demand o:d supply, w2 will

ainalyze the gsources ofF dumend aud supplv check to the ilosg-vua ¢quilibriumg

inust important will be the supply-based shocks whicrh ars techrnological

innovations.
Data requiremenis wilil includ: cvime serizs catz fyreir 194 to 1989 on
c

wheat output, prices, coffv: ind tea price, wains rulput and prices,

expeadicure on wheet rese-vain, exchange vude. “ouerest vate and ralacad

Lde
o
bl
e
3
]

h

policias instituted by the goverivaent ov © thie period. This period
on the basic of th: aveilsbilivy of secor.oyy de .. for whia! nvoduction and
[

rentcerch. A ecrosg cactionst snevsy will b undizisii.n —o derermise fthe talte

of the wheat sector as voflactod 1o poy Ormsncs prieawslers such asg yileld,

ihg

foreign exchenge componeni, proricability and rsoure. (Finaociny ond Forzigu
Exchange) requirements. W will also utilize existing icformation of supply

ar:d dvmand elasticitiec.

V) TIME-FRAME

The research will e in three phasoc. Phase L includes finaliziug

the propesal, designing the qusf jonnajire snd doing the lifevrature review

e

in Michigan State University. This will be from Hovembsr to Decewmbor 1350,

Phase 11 will be the ficidwork in denye which will include:1) Compiling

~h

rom the Ministriau:

& mdﬁkebjnv 19z
Agviculture and Supplivss on wheat product.on, wmpcris, comsumpuio: and livestock

secondary data axd Econonic Developmendt,

lated macroccornomic policics; 2} Compiling secondavry data om wheat yosear:sh

at the Hational Plant Bruedang Siation, Wjoru; 2} Doing o licersvure voviaw
cn wheat rescarch and macroeconomnic policiee din Feaya; 4) Collunting primary

data on wheat favmiug frow a semple of focmers .- Lne Fift Vsallay and finally 5)
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ing the data to detvrmin. the key [iodi.gs of the research and wreit
fr dissertaricen., This sheuld take ¢ to 17 months an Kenya. Phase 111
1

a
will be finalizing the dissertotion aad writing working oaapers. This wi
3

-

e about 6 months in Michigsw St Undversity.

Vi) ODTPUT

ietlon is an follows:

The outiinz of tha
Chapter 1 Background

a) Wheat Yroduccaicsa in Kenya: o descriptaon of the production
and consumpiion wtemds ol wheot aires it was first incroduc-4 1iu
Kenya in 1%04. "5 will dineluds defining the probleaw an weil

the signiticance of the scudy o agrieasroral potivy Towmlacion iv

b} Whent Resaarch i Kouva.

analyzing how ine Sration (for whi.at)

has develop.od endits ifnigraction wich local whest farmars, other

regional and futer -tional wlve? -arch organizations and
doaor agencing.

c) Trade. Agrieunlcure o dacrowconomlic peliciqn. 4 znalvsis

(=]

ot tha formuelating 0f thes: policies aud

- 1 Je——
how vhey ars

2j Cheprer 20 Mithocolog)

T e g . 2 . =
Thils will soecicdi o Yevisw OF
OF ceiuvms Lo rosaaveh b Analynd
T TV IR S i

STACULLA AT OL S0 @0 TN N

devand aud suppls ganalyesa,

of the hypotheson and w=ihods

ICOUCMRTYICS,



G ¢ Tigem mpa g o ol
Chupl,i.’i 3. SJato Cololoran

Analysie of ~he data coilection and validation methnds

Chapier 4@ . Race of Kevurn te whaat research

An ex pes zralysis of relurn e Pasi dpvestmant in Yenyan

wh. sesearch., Thi

7]
(et
te
[
[
]
<
(]
s
-

ioVOLve: wooiiLaetric sud cust benae’i-

analysis by saslyeing wie:at upply uand demard shifters

L5 L8,

Chaptec 5: Tmpact of Trade,

A time sevies ohalvsis of Jhe contewporavecsus relationsbips

be twW2en reiurns

srent policies. This

wili include unit oot tests. co-inceg.ation error corraction

and inpulz. auaysis,

Chapter 6: Wheat Tolicy

On the Las.s of “he results. in 5 project diifferens scen

of the impact of Lolicinms on whatt research o

ot mvld

the overall alloc.tion of rvesowices in tho econony.
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