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e . DISSERTATION ABSTRACT

. In this study, of farmer behavior in Kenya we shall attempt to
answer -the-following questions: What effect does risk have on farmer
behavior? 4Are farmers efficient in their allogation of scarce resources? .
. .. What are the bottlenecks that limit agricultural production? Lastly, ~ _~— =~
~ .how Tesponsive are farmers to-*éhér\_xges in the price vector?” e A

. ' In order to examine these Zlues:tions we present a neoclassical
model of fatmer behavior under conditions of uncertainty,: i;e,,, we assume
that rather than maximize income, farmers seek to maximize expected Ll
7 -utility, By postulating that the distribution of the random variable; -~ -~ .~
income, is normal, we.show that maximizing expected utility is ‘equivas’
lent to maximizing a modified utility function, the arguments of which-
“are expected return and the standard deviation of-income, )

.. ;. * Such a formulation leads to somewhat different- conclusions with
Tespect to economic éfficiency than.does the familiar profit-mikimizing
" approagh, --In particular, wé show that a farmer will-equate the marginal
utilities of input use into each of his crops with respect to a given
“dnput, rather than equating the marginal value products. Thus , for . .
examplé,’ the marginal value product of labor in coffee production would = . e
be higher than the maiginal value prod}x'ct ‘of labor in cotton production, - :
oducing coffee is higher than the

4f the marginal 'incremént to Fisk 6£ rc
marginal fnerement to risk of producing cotton, - -

e} ' Thevdata set which we:shall use In estimating this neoclassical
. ‘model “is derived -from a survey (conducted by the Kenyan Governmeént). of 1500 -
> férms throughout Kenya, - .- The suryey consists of monthly visits to each
_ ' farm, ‘as well a§ the collection of data at ‘the beginning and end of the -
© - . -survey.period, -Among the data collected dre all inputs;-:outputs, in- =°"7
: “  ventdries, prices, capital values s etc, by crop by farm, Despite.its
.- defécts, this.data-set, both in terms of its inclusivefiess &nd the
~breadth of its; coverage; offers the economist a wealth of information -

.- rarely to be found in a less /developed country, . .
‘ *° This micro-level data set is used in the empirical half of this

study to estimate Cobb-Douglas production functions for each of the =~ -
eight enterprises surveyed--local maize, hybrid maize, coffee, .cott
- .77 7 +'tea,”pyrethrum, improved dairy, and unimproved dairy, The estimation
- technique used-was instrumental variables with prices and fixed inputs
- as the instruments,. It was necessary to.use such a technique in order.
to avoid the simultaneous-equations bias involved in an ordinary leéast
8quareg approach, .- - . ‘ .

N From” these estimates we were ready to provide answers, to .the
-questions raised above, .- We found that while -farmers were efficient in -
LT ¢ the allocation of resources thc‘;y used, they used too few inputs, This
-indicates that one of the big hottlenecks in.small-holder agriculture
. ... in Kenyd is lack of credit, We dlso found that risk played a critical
. ¥ole in farmer decision-making, and that, Gonsequently, the reduction
S ,of risk would have large payoffs: in terms of increased expected return, - :
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) etc. It is through the’ Judicious.use of various policy instruments

INTRODUCTION .

While the; government of Kenya has as its avowed goal the crea-
tion of a society guided by the principles of "African SocialiSm,
{Republic of Kenya; Sessional- Paper No. 10] the means of reaching such
‘a goal are clearly capitalist:l.c. ‘This is especially true in agricul-‘-
ture, where the impetus of policy has been to break dowm,the tradi-
tional communal_istié organization’o-f*the. village, and replace it with
a system of individually owned small farms. g |

By adopting a. decentralized market-sensitive organization of

agriculture, the government has placed itself in the position of being

: primarily limited to free market tools in effecting the pace, the

spread the mix,* and the quantity of agricultural output. Naturally,

the most important of these tools, especially in the short run, are

prices--al;l' kinds_of prices--input prices; wages, output prices,” con-

sumer goods prices, intermediate goods prices, the price of leisure, 4a

Ny

- that affect, directly or indirectly, the prices_farmers face, that the

government can encourage farmers to behave in such a way as to ac-.

hieve -the goaIS\of ‘the political leadership.

s

In this context‘, the present study of farmer behavior in Kenya

-

" under conditﬁs of uncertainty becomes particularly appropriate. We

shall attempt to answer the ‘following questioms: what effect does risk

have upon farmer behavior? Are farmers efficient in their allocation
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of scarce resources? What are the bottlenecks that limit agricultural
production? Most importantly; how-'responsive are _farmers to changes in

the price vector?
Before discussing in some detail the approach which we- shall

take, it might be well to review, somewhat briefly, the more tradi-

“

Q"”"tional approach to the guestion of supply Tesponse, This is -not the

place to survey that rapidly growing literature [cf. Behrma‘fi‘;"’”Dean,

Ady, Krishna, 1967, and Stem for detailed bibliographies of this ques-

tion] Rather, we should ‘1ike to discuss the assumptions upon which
most of these studies are based, and ‘the shortcomings entailed in these

assumptions, —

Almost all of these studies are ,macrOeconomic_. time-setieés, and

.

most of them are based‘ on the pioneering work of Nerlove [Nerlove;-{'195‘§l,4

I general this means they estimate equations in’ which the dependent

-variable is typically area planted under the crop in question at a given

T4 =

- - time, while the independent variables include- various formulations of

| T the lagged dependent variables, expected _price, climatic conditions, and

expected values for other econmomic variables, particularly, prices of
. substitutes,

The first"problem with such a formulation 1ies in the —choice of-
'acreage as the 'd“epe'?ndentrvariab]:e. If all other inputs increased :Ln_
the same proportion as acreage, and if production exhibited constant re-
t:urns .to scale, 'then the»output élasticity would be roughly equivalent
to the elasticity of land :f_.nputs. ‘In fact, however, “other factors of

préduction (particularly those vhich the farmer must purchase in’ the -

_marlsetplace) are not ’likely_‘to increase.in the same proportion as land

-

LR
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inputs, Moreover as Mthe‘se inputs are likely to have a high marginal

product relative to their pr‘ice (they are in short supply due to the’

farmer's 1imited~access to credit) .output- is likely to increase by.a

much smaller proportion tha.n does acreage, Thus ; to so‘?ﬁe extent, these .. '

N w0

- studies- over-estimate the elasticities of output with. respect to price,

Secondly, the whole question of risk is generally ignored or.

“treated nominally. The importance-of risk in the- farmer's decision-'

e :.“mékiog prgcess c_annot be oversteted; Not only are future prices uncer-.

. .teiti, but equa'lly- important,‘ ’future output is also highiy variable,

" This is especially true, as we shall see, in Kenya, The presence of

risk not only has a critical ‘effect on farmer beﬁavior, but also leads

to’ the misspecificat.:.on of most supply response functions, sincefrisk

enters quadra.tically into the- decision-making process.

.

R The other obJections to the macroeconomic 'approachudeal with '

errors of omiss}ion, rather than errors of commission. These Studies do-

not really have that much to te11 us about how responsive fa.rmers -are,

- -

only how’ respons:we they seem to be given the economic conditions they

find themse].y{es ‘in, In other words, they tell us nothing about what -
- the price-response would be were some of the constraints upon. resourge
~use lifted. Moreover, such studies shed no light at all on the in-

,\creasinglyrcrit:.cal policy problem-of urban unemployment, If the flow

]'Miracle and Fetter [1970] noted for example, that the obser-
vation, 8o common in the early colonial period in Africa, that thére was

& backward-bending -supply curve for labor, need not be explained by such

circumventions as the "target worker" theory [Elkan], Rather, there
was d ready explanation in the fact that sStaying on the farm ‘was more

- profitable than working for Europeans., It was only the need ‘for cash

- due to ta.xes that fdrced Africans into wage employment.

-




of migrants to the city is to be reduced real wages must rise in the -

. rural areas relative to wages in urban areas [Rempel Todaro. and Harris]. L

An important question related - to agricultural -pricing policy then is 7
what are. the empl uyment-generating effects of changes in agricultural
'vprices. ) The present: study is- intended to. meet these objections ’. and .
. to raise these questions. S L *
'l'here are three primary parts into which this study can be
divided-' I P e e LT e

. SLoay T -
' _\'\ » (1) “A descriptive section (Chapter - II) which briefly

describes ‘the place of agriculture in the Kenyan

i ecpnomy, the ecological and institutional constraints ‘

’ s oo which limit farmers' choices ‘and the_impqrjtsncel of. i

risk to the Kenyan*farmer-

-
I . o

V'Z:?“‘."--».(é)" -A-theoretical section (Chapter III): vTrhich presents T S, st

o neo-classical model of farmer behavior under uncer-

tainty, and which derives .from this m.odel both con-
':. clusions conce‘rning the- type of behsvior that would
e imply economic efficiency, and expressions for the -

\, supply response to price, e ': _& .' .

TA3) " An empirical section (Chapters IV to VII)"which
'~(a) describes “the data set_which we shall use, (b) )

S - eat:l.mates Cobb Douglas production functions for the

P PR ".. -

"eight most. important enterprises inasmall-scale

‘:'Kenyan agticultura, (c) examines the proposition that

,5- R Kenyan farmers are efficient in their allocation of

Spe e ST ,scarce resources~ and (d) calculates price responses,
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A o
- . given the ~production functions es‘timated in Chapter -
_- ll, and the theoretical model presented in-Chapter
. L. LTy e
The next chapter sets, somewhat more concretely, the stage upon_
which this scenario --is to ‘be’ played out. In Chapter II we- provide a ' N

brief overview of the general envir_onment, both -physical and, institu- S
tional, within‘ which the Kényan farmer lives, We. begin with a dis-
cussion of the organization of’ agriculture in Kenya and its importance -

to the Kenyan economy. In particular, we would like to make clear the

~u

distinction between large farms (over. twenty hectares) and small- farms.

Is the 1atter group of farms, characterized bya mixed subsistance-

v v I
commercial mode of production, which we will be- studying. The second
half of Chapter II deals with the effects of the ecological and insti-w

tutional setting _upon-, fa.rmer behavior. In particular, weiwill argue o
that Kenya Svgreat seasonal variability in climatic conditions make - -
agricultural production very risky, Aand that the rudimentary nature of'v" ‘
many markets imposes important constraints limiting the scale of agri-

_ cultural’ output.

T The’ theoretical foundation of this study.can be found in’ Chap-
ter III in which we present a microeconomic model of -the farmer as
expected utility ~maxim12er.- ”By imposing certain conditions upon the

. utility function, we are able to derive a fa.m.ily of utility functions "
which are in .consonance with both our intuitive beliefs and prior_em-
pirical findings.“" Given this specification of the utility function, it
is possible to derive the first-order conditions for expected utility

maximization. Such a formulation leads to somewhat. different conclusions T

o
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with respect to economic efficiency than does the familiar profit-

o

maximization approach. In particular we show that a farmer will equate

the marginal utilities of imput use into each of his crops with respect

~.
~

to a given input, rather than equating the marginal value products.

ﬁ-,,eeﬁe.ww,mw
' SRR :
EE I ; .

R I

- 'stoék is fixed, -

R daction would be higher than the marginal value product: of labor in

cotton product_ion, if the marginal inecrement to risk of producing cof-

- ¢
fee is higher than the marginal 1ncrement to risk in producing’ cotton.
Most :meortantly, we. show in Chapter I1I, that by taking the

o~

total derivative ‘of- the first-order conditions, it is possible to de-

rive dX /dP Y the change in the use of . input given a change in the

jth price. Note that the elasticities calculated from this ex_pression

-~ R

\
are based on the assumption that farmers will continue to maxunize

their utilities as the price vector changes, Secondly, of. -course, these

- are marginal elasticities, and really do not pertain for large changes .

in price. “Thirdly, they are predicated on instantaneous adJustment.
Lastly, they are short-run elasticities, An that the model deals only

with a crop-year, within which both the type and quantity of capital

- -

We begin the empirical study in Chapter IV with a description

i of the basic data set which we shall use, he Statistics Division of

iy the Ministry of Finance and Economic Planning of the Republic of Kenya

has been conducting .annual surveys of a sample of small farms throughout o
Kenya. It has” collected data on 1500 ‘farms. from seventeen districts in
areas most heavily devoted to agriculture. The survey consists of

monthly visits to each farm, as well as the collection of data at the
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-

R all inputs, outputs, inventories prices, capital values, debt obliga-
e : i d
tions, non-farm income, subsistence consumption, -saving, and the like.

The particular year which we shall study, 1969/ 70, was the second .year.. . .

el that ‘this” survey had been undertaken.~ Despite its defects, and they
are discussed at some length in Chapter IV, this data-set, both in ’

terms of its inclusiveness and the breadth of its- coverage, offers the

- economist a wealth of information rarely to be found anywhere, let

alone in the less developed areas of the* world BN

In the £i¥3t half of Chapter V using an instrumental variables

Do technique, we- estimate the parameters of the model presented in Chap-

—— -

ter ITTL, These parameters consist of. the production elasti%ities of
) “‘Cobb-Douglas production functions for each of the eight enterprises we

' shall “be studying--hybrid maize; local maize, cotton, coffee, pyrethrum, . - ’_::1:"_-“'.

tea, improved dairy, -and unimproved dairy, ._.In addition to thése para=v. ... . -

. wmeters, ‘e.also. need¢ estimates of. gthe exogenous var:.ables of. the model, . et
the- variance-,covariance ma_trix of the random fluctuations in output
—and price. ‘The second half of Chapter V. presents .a simple ex-pectational

e model and using district-level time series of output and price, esti-

mates this matrix.

L2

-

In Chapter VI we deal more- directly with some of the’ questionsf

ERTeN

raised at the beginning of ‘this Introduction. Are” farmers efficient” .

- How important is risk" What are the effective constraints upon agri-

cultural output” Examination of the marginal value prpducts derived
from these estimated production functions. indicated ‘that while farmers

swere’ lefficient in allocating the resources they used, they used too
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" ‘few inputs ) particulsrly those input:s ‘which. they had to purchase-- -

capital, hired 1abor, fertilizers, seeds, etc.' -'.['his indicates that one
of the big bottlenecks in small-holder agriculture in Kenya is- lack of

-credit, We also found that: risk -aversion played a critical role in

3 farmers' decision-making, .and that- consequently, the reduction of risk

would have large pay-offs in terms of increased expected return. .

' In the First half of the last Chapter, we calculate the Kenyan

' farmer s- short-run response to price. The elasticities calculated in

»Chapter VIiI indicate that (1) farmers are’ very responsive to price,

[ 7Y

-(2) risk is a critical component of the farmer 8 calculations, and that

A e
7 (3) there may be very large labor generating effeets of increased agri-

v cultural production. The second half of Chapter VII summarizes our-
R

'results, offers some indication of what these results imply for rural

.

: development strategy in Kenya, and discusses ~some, further 1ines of re-

search. S ) ; . - -

,§$€ -

~

,,,,,



- cal conditions on the one hand,. and governmental policies on the other, i

farmer behavior.

iand 75 percent of total employment are generated by the agricultural

;i . . CHAPTER 'IT o - .

v KENYAN AGRICULTURE: AN OVERVIEW

The purpose .of _.thi_s',ch_apter is’ to describe the ingtitutional

and ecological ‘constraints which affect Kenyan farmer"s "decisions, In.

particular, we are in‘terested in describing how climatic and :geographi— -

limit the range of decisions available to the farmer, We shall discuss,

in turn, the general setting of Kenyan agriculture, Kenya s great cli-

matic variability, and the marketing and pricin

_L_policies which affect .

RoRa . ) . : )'A.-

'I.‘he first section deals with the role of agriculture within the

Kenyan economy Approx:unately 40 percent of Gross Domestic Product

R [P

'-"sector. Agricultural production :|.n Kenya actually comprises two. ' A

distinct sub-sectors--large farms and small farms, - The former, located

in areas which: once excluded Africans from owning land are strictly

I commercial farms s in that they market most of their output and purchase -

other hand, a?eéip\;tra'nsition from subsistance forms of agriculture

to conimercia‘l agricultdre. They market approximately-la'»O percent of

most of thez.r‘inputs. ’l‘hegfarma in the small farm sub-sector_, on the

/

~

what they produce, and purchase from 10-20 percent of thei'r labor in- 'y

. puts. It is thi,s latter subsector, within which most Africans earn’

L their livelihood which will be the subject of the present study.

w . P -
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Section II'deals with the effect of the geography of Kenya upon.
agricultural production and farmer decision-making, In Kemya, .the
ecological factors which affect agricult’ural production-.—rainfall, ‘tém-
perature, and so'il' type-;depend to.a large extent, upon altitude.'.
Since altitude varies’ widely within Kenya, a large number of crops,
techniques, and factor-proportions are evident ranging from. land-x
intensive temperate crops such as wheat to labor- intensive tropical

crops such as ‘tea, These ecological cond:.tions not only exhibit great

spatial. -variety, ‘bt are also largely,‘variant from year to _year, Con-

sequently, agricultural production is very uncertain. Kenya is subJect
: oz

“to periods of drought ‘and periods of flood and the farmer thus makes
o his decisions in a very uncertain env1romnent, and any model of farmer

behavior must take into account the importance of . risk..

R ~ The third‘secti'on' ‘deals with the institutional. sett‘iﬁg’.,-‘ with- © et

e L Vparticular emphasis on marketing arrangements.r Of the six crops which
we will be studying, three (cotton, dairy products,’ and maize) have

' their prices set, prior to the crop year, The prices of two ‘others , tea

and coffee, are 'set on’ the world market, in which Kenyan production

plays a very small part. Thus for these five crops Kenyan ‘farmers are”
price-takers. In addition to the setting of prices, the government

: limits the scope of farmer decis:l.ons in several other ways-' acreage
limitations and the licensing of -the production of such crops as coffee
and pyrethrum, the provision of credit for the purchase of inputs’ and ]

the imposition of land registration and enclosure. .

oo . . g

“f
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The fourth section concludes the chapter by drawing out the ims
plications of this setting upon farmer behavior, ' In particular, we
discuss the place of maize as-a subsistance crop, the degree of freedom
available to the farmer in allocating his resources, and the importance'

of_ -risk in farmer decisionfmalging.

v 4

’ I, AGRICU'LTURE IN THE KENYAN ECONOMY
Like most Afrlcan -countries, per capita income in Renya is low

($140) by international standards. However, the post- independence

.

period has produced a record of steady, if not spectacular, growth,

From 1964 to 1969, Gross Doxnestic Product at Factor Cost rose from -

330 94 million pounds Kenyan to 449 93 million pounds at constant :

prices, an average annual increase of 6,3 perc'e'nt‘[Statistical Abstract,
p. 15]{ During the .same period 1962 to 1969 however, population rose

by an average annual rate of 3.9 percent [Economic Survey, pp. 4-7];

thus, per capita income rose only by an dnnual rate of 2.4 percent.,

_ ; A sectoral breakdown of GDP is ’presented in Table II-;.. As can-
' be seen from the table, 24,7 percent of GDP is estimated to originate
outside the monetary sector, If we add to this the value of the agri-
'cultural product ‘which is marketed, we can see that the rural sector
:produces 39,7 percent of Kenya's Gross' Domestic Product; ];ut this, in
many ways 5 understates the importance of the agricultural areas: to thé ‘7

national economy. Agricultural products 'accounted for- about sixty per=

cent of total export value in 1967 [Develoment Plan, 1970 1974, p. 191],

) and as estimated by the IMI-‘ employed about 1,2 of Kenya's 1 6 million
families in 1966 {International Monetary Fund, p. 142], While economic



PR,

» TAl;le I1-1 .7

GROSS DOMESTIC PRODUCT--1968

p) - l’ercentage of total gross product’at Constant l;rices
A, Outside'ﬁonetary Economy ) ‘ .' B o R

Agr:lculture ' e 20,5
Other . ' 4,2

B, Mo'netary Economy

Agriculture S 14,5

Manufacturing . - ’ 9.9
‘Construction _ 2.8
- E Transport - . _ . %3
Wholesale and Retail Trade - . 9. 6
" Other ) - 13,9
; . . L -.'_ e .
C. Government .. . T S 13,9 .
D, . Private -Householda e T 1.9 7
Total Gross Product ' . 00,0

.~ Source: -Statistics Division, Ministry of Finince and Economic.:. ' ... .
o “ Planning, Republic of Kenya, Statistical Abstract .
1970, Ps 33, - A o . -

) developmen't- is not’ synonymous with agricultural progress, it will be "imQ

possible for Kenya to achieve any of its economic goals (universal.

freedom from want, disease, and exploitation, equal opportunity for ad-’
vancement, and high and growing per capita incomes, equitably distri-

buted among the population) without considerable growth and moderniza- ’

c

tion of its rural society.

<
'

This has been: recognlzed in the-Second Kenyan Development Plan
- (1970 1974) vhich has gone to great lengths to increase public inputs

into the rural sector. ) "The key strategy to this plan is to direct an

® increasing share of the total reésources available to. the nation towards
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the rural areas, The govermment believes that It is only through an
accelerated development of the rural areas that balanced economic .

development can be achieved that the necessary growth of employment

opportunities can be generated and that the people as a whole can )

v participate in the development process." [Development -Plan, p. 2]

) II. THE ECOLOGICAL SETT]I‘!G .
ST A Kenya is ‘situated on the great plateau of East Africa, strad-
dling the equator. The most striking geographical feature is the Great

Rift Valley, which bisects the country, dotted by a string of 1a1ces

from Rudolph in the North to Magadi in the South On both sides of

PO

the sou-thern ‘half of wthe Rift rise extremely fertile'h;ighlands-rwand

‘ grasslands'-from Lake Victoria in the West to the areas around snow-.

S PP,

capped Mt. Kenya in the central’ part of- the country, To t:he east and

north of the Highlands, the land drops off to a semi-arid scrubland

and desert, populated mainly by nomadic pastoralists and wildlife,

“Along the coast runs another fertile area which is more tropical it

. .yegetation.

-

A MU DRER Y S AR TS
g
-

" There are four main agricultural -areas in Kenya (cf. fig, II-1):

V3

.,r.,.,“
i ¥
g
il

°

-'(1) The Lake Victoria L:.ttoral

4

; 'Ihe Lake Victoria region is ‘the most .densely populated agricul-

- tural area in Kenya. The dominant tribal groups are the Luog in
»Nyanza Province and the Luhyas in Western Province, - Although there is
some coffee grown in this area, the main crops are maize -and cotton.

Pel: capita 1ncome, because of high population density and low cash
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B owned plantations. In addition, coffee and pyrethrum are grown in;

~substantial quantities;

o

crop potential is generally low, althOugh it is supplemented by the
wages of the 1arge number of men who migrate to urban areas,

(2) The-Rift Valley and Asséciated Highlands . - - - -

This area, located to. the east of Lake Victoria, ranges in al-

- titude from 5000- 9000 feet. Much of this ‘land had been reserved for

. 015

Europeans during the Colonial period as the climate is temperate and

= the area is. suitable for large-scale fariming of grains sich as wheat

and ‘maize. .The-indigenous p_opulation, the Kipsigis, Nandi, and Gusii, ‘

were originally pastoralists » but have since taken to growing a large
variety of crops, although the temperate patterns of maize, wheat,

“and livestock products predominate. The Kisi.i Highlands, 1ying in ‘the

Western part of this region, are the best tea-growing areas in Kenya,

although much of the tea grown here is produced on large, European-

-

(3) The Central Highlands

’l‘he area around Mt. Kenya, home of the Kikuyu and associated
tribes ’ i.s the- most developed small-holder region in Kenya, Although
the rugged terrain limits the effective size of the farm, it is here —
_ that cash—cropping has achieved its greatest success, with tea, coffee,
pvi.neapples ; and pyrethrum all grown in abundance. Nevertheless, per
capita incomes are limited because of high population densities.

(4) The Coastal Plains

This is the only truly tropical area in Kenya, . Here, in addi-
tion to tree crops , maize and cotton are grown, W‘ni.le populati.on den-

sity isn t as high as in some other areas, the opportunities to grow

v,

.

>
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the more profitable crops of coffee and tea are lacking, and agricul-

tural -income in the coastal areas is relatively low, District :le vel

data, -on agricultural income and factor-use, derived from the-Small
Farm Sample Cost: Survey, 1969 1970 are presented in Table II-2,..
In Kenya, temperature and’ rainfall depend mainly on altitude. e

Thus,- areas relatively close together can have widely divergent c1:|.-

“

) ;nat'es and agricultural potential.' In the Central Province District of
Mura'ng.' s, for ‘exarnpl'e,‘ ‘Land -below 5500 feet, ‘Star Grass areas, have a-

climate suitable for coffee, While land above 5500 feet, Kikuyu ‘Grass

-

zones, are also suitable for tea and pyrethrmn.
U

These ‘ecological conditions not only: exhibit great spatial

.'_variety,:but‘also are largely variant from year to ‘y.ear.. At least one
year in ten is ,a flood year, -and two years in'ten have, at least,

locally severe drought (cf.” Table II-4 for annual rainfall data).

Thua maize, the basic subsistance crop, 1s in surplus one year and in -

- deficit, another, Table II-3 ‘presents the annual trade balance of

maize from 1960 to 1969,

It is this great uncertainty with respect to weather conditions,

. particularly as it affects _the subsistance crops of maize and dairy .

products, that makes resource allocation decisions so difficult for |
‘*__ fa,rmers in Kenya, and makes inappropriate any study of this‘decision-

making process which_ fails' to take into explicit-account the ‘quegtion -

of risk, -0 C | -

'I‘he risk problem is compounded by the nature of maize marketing

in Kenya. Both the selling and buying price of maize are fixed at the ’



5 ;
. i
9E6E W . oo 0’5 -
: . : :
<0z L (3 0%y |zt :
6951 . v 1z
-016 6L B 1
8611 09 9°ex
L6%% EA: 1 [2e1
§os (X e -
- gzt zsL &y
st T | e'w- e
20z 6€ | 0%y s
am SO 8IS et
819 T szl
t
st ‘ e'aL 65t
dezt 6y $'oL g%
8002 181 zUu yer
(40 IR O (3] ™

11

LE1
1341

- 181 ¢

{01

0ty
1423

601 N

621
zat

Y ey o6 -
weo' . evor - gt
; i
wT e e
ST, s ]
s 2z - o
%y oz “ou0t
80 L9% © el
Wi zn . 200t
wEE s - . us
' 908 o
660 €5 - tel
z0% e S
€T . ovor | e
crr et s€E
80°0 £°01 ey

TIVA BRIV GawH. 20 aotax ©

. d0TUISTA XG GITAVISVA DINORDOR IIVH UOA VIVQ THATI-HUVZ HVER
-1 BTOVL

12 58
TR

59%
0zt
0
]
612
62

B 0

T st
6°¢

T e
iy

"y
£6
99
<91
.
[ %4
4]
sy
1133

7]

26

ﬂanqﬂ WOaVI  QEaav
| OHYIR

*(poqoyyqndun) BZE1-

STEIY ‘noysyalg sojaojavag

9€9
1149

114+
5
80k
By
ty
e

8
zoy
Lot

296
€8
" use
ase

rnuzch uaqdb TESVEDENY  TVIOL  BOAVI ™VIOL

€09
et

ot

0s9
€96
490¢

Lz

@

R3S
. tost

e

(149

4921

6% -
we

998
€

ot
80
09
-92¢
m

Y

€€z
161

S6€
L9

i

6599
LT

6E41

omn

962
6967

1144
" gest

900
86€9
yEuT

09T

Y1817 -

899"
642€

nucﬂ ﬂ<Hok

Ly & ¢ P 17 uo hnuqﬂz ou.ﬂon
“véou s nyey
95 B1°9 TITIEL-

' Gj01q 194803
e, 95°s naoy
ozy s neR
ste £e°s oBvkugayy
€29 o'zt nqzryy
Ty oLz e, Surany
oy, €%’ 2T S
‘ I TRES

C ey e .u,_._a_._, o
08s oLyt : oyapaoy
S0, 00y e

TSR 55T
9t9 {60°9T werg |, -
s - " esLl wootung .
13 01°6 vlerg

" 158 69 " vongy

_ B n g e

A4u& R H:.E.um@




NET EXPORTS OF MAIZE, 1960-1969

Year Exports Imports NZt E:.:po'rts
(metric minus -
- . tons) . Re__zgg_o?ts
1960 9348 . 26 9322
1961 . 183 102130 . -101947
1962 60165 25590 . 34575
1963 o sme2. 36 - 87428 ;
1964 895 o266 631
1965 172 81452 1 -81280
1966 2. 14344 -143642
1967 79845"  713 79772
1968 277514 39 277415
1969 140768 6 140705

Source: Statistical Abstract, 1970, pp. 45, 57.
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-
 TABLE II-4

VARIATION OF ANNUAL RAINFALL
District  Long Period Number of years in 35-year ‘period when annual
- Mean . . ' rainfall varied from long. period mean

= lessthan ~ v than
inches 50% 50-75% "/-5-125%_“125-1507,” 1507

Kericho 72,93 01 31 C2 .1
" Kakamega 7259 . 0 1 2 2 0
Sottk -+ 83569 oo 1 T3y T 0

W

Kiambu T 50,17 1 23 . 3

"'"z"
i

Bungoma 48,98 1 30 2

St

‘31 3 . o -
0

o=

Nandi 43,78 L0

Nyandarua 4103 - 25 -5

[ Y|

$ 25 - 3

-

0
L Nyari. 36,83 P
Cmern 35,56 7 1 Ly
CMirang'la. . 33,03 1 & 2%

* Taita 25.16 1 10 - - 15

R R "
o

Nakuru 23,63 0 6 23

‘Average 0.5 4,08 26,17 -.3.25° 10 -

. 'Percentages N N 1L7 7468 9.3 2.9

PR . . -
o ™

_‘_V_So?urcé": National Atlas of Kenvya (Nairob'i: Govermment Printer, 1972),
Po 18. . . : .
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) beginning of the crop year, 'Because of the substantial costs of mar-

keting and distribution, there generally exists a large wedge between

: he can buy it.l- In general under conditions of certainty, the most.

efficient allocation of his resources 1eads him not to enter the mar-

ket at all, producing ‘just that quantity of maize sufficient for his- o

: own needs [Karani]. ) However, as the. output of maize is a ra.ndom variable,

ts

. IIL INSTITUTIONAL SEITING : o

. that t:ime, tenure was vac‘corded--in consonance w:.th traditional-‘laws.-.

; it be a bad year.rp

- of all maize grown on small farms never reaches the market, but is con-

’return “for- risk The next section discusses the institutional arrange-

’ “markets.

"he will normally plant more maize than he will on average,, _require, in

»

order to ensure a_ supply of maize for his consumption needs should -

1:::

tr.:,, Pi)

Maize policy is. critical because it is the staple crop in Kenyaa

-

In most areas, no matter what other crops the farmer grows , he will be

-.growing maize for hlS own needs. Tt is estimated that about 95 percent-

‘sumed of the farm. It seems clear that the curtent two- price maize

. policy increases the risk the farmer must bear, and thus, , in order to

lower risk, farmers are likely to make choices wh:.ch trade off expected

P

‘ments which affect the farmer's relations‘hip with factor and product

.

Tenure-Patterns, Kenya 's enclosure movement began 1955, Prior_ to

s

: ISuch ;policy- is not 11mited to Kenya. For an example from

'Rhodesia cf. Massel and Johnson [1968]. - . 2



" long history of individual ownership of arable land, with communal -

tion of individnal Jand holdings s and enclosing common lands in areas

. . 21

individual ownership was unthinkable, while the Kikuyu had a century—

ownership of grazing land [Mainal. For many reasons, mostly poiitical e

" the Colonial government began moving toward consolidation and registra-'

- ‘of high population denisity, tribal receptivity, and high cash crop

_potential. . This‘fpolicy was oontinueQ‘end accelerated by the Kenyatta

Government; T . - ' o

During the’ first ten years of the program (1956 -1965), 700,000

"“hectares of land were regiﬁtered, mainly in ._Central"Province [Develop-

meat Plan, 1»*-1—970-19'74]'. After a study by a mission of inquiry headed by

'_ Mr. J. Gy D. Lawerence, it was decided to 'speed up_this consolidation -

o and registration by streamlining procedures. The planned areas of re- .~ . ...l

gistration are liéfed in Table II-5,  As can be seen there are still

| TABLE II-5, AREA OF LAND REGIS'IIERED"BYVPROV]NC'E,- 1968/69

i ’ . : ’

Province Area Registered Arable Area Percent
- ('000 Hectares) ("000 hectares) Rggistered

“’Central ’ '378,3- s86.3 - . 628 -

Eastern 188,0 - 839,7 22,4
Rif?" (Nandi and Kericho) 61,0 T 414,11 . 14,8
" - Western 33L5 . - 722,77 . 45,8
Nyanza e T 74,27 1091 0 S 6.8

Sourc‘.e.;Colu.mn 1--Statistics Division, MFEP, Economic Survey, 1970,
Column 2--Sta.tlst1cs Division, MFEP Statistical Abstract,
1970, pp. 82- 83

.

a
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Sonoro it -~;nﬁ,add-_i_;g;izg‘;:'—nto.al'andwregis,tr;atign,.e_theu-POS t-Independence Govern- T

ment began a large scale resettlement scheme--the purchase and distri-
bution to African farmers of about one million acres of formerly
European-owned: land in’ ”the '%ite Highlands. In point of fact there

- '.'were ,two resettlement schemesj-:-a;- high density one which was- mainly,

directed towardsn.'settling the' large number of lan'dless Africta-lrlsi-
- .created-by en;clo.sures in (-Ient.r“al Province, and a 1ow density program,.

. whose goal was .to create- Kulak class of African farmers using modern

- 'techniques and earning about one hundred pounds Kenyan ($280) per

] ‘ annum. By 1970 the government had succeeded in creating in many parts
) . e

M'»of Kenya an agriculture organized into individually owned plots s where,

”‘-“-presmnably, hard work ,and a Puritanical work ‘ethic could combine -to

- :generate development of small-holder agriculture. L

vMarketinz and Prices. Initiative and hard work will avail little, T

a however, if opportunities for making profits are non—existent. Of prime
importance to rural development .is the creation of a marketing struc-
ture which provides the farmer with the right price signals in allo-

) ' ,,'_'c».ating: scarce resources. For many historical reasons 5 marketing insti--

b;_u' tu-tions .are pervaded by govermnen,t laws, 'restrictions 5 and organizations.

. -‘Figures II-1 presents , in. schematic form, the progress of agricultural

. | production from. farm to consumer,
h _M%. Wh;l.le ,maize is‘ th_e most important commodity produced on .small-'

farms, a large ~pr:oportion (95. percent) is never marketed [Who Controls.-

“Industry in Kenya. Pe 1] : Of the tota.l quantity of marketed maize,

' vfifty percent is produced on large farms. All maize must be marketed -

'through t:he Maize and “Produce Board which has statutory power to store,
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distr;ibcte, pdgchase,l aﬁdl sefl_maize and other produce [Who Controls.;.,
ps 2], It enlists regioual produce :boar_ds as 1its agents in buying
maize, sends the maize to millers, and fixes their profit margins,
Producer prices are fixed before each planting year by the Minister of
W.Agri’culture,' and are éubject to the Marketing Board's costs of trans-
portation‘a.nd distribution. . _Consumer prices for maize and maize meal
'are fixed by the Price Control Ordinance [Chapter 504 of the Laws of
Kenyal, However, a 1arge black market exists , especially in Western

Kenya, and it is estimated that some 100,000 bags of maize are 111e-

gally sold in Uganda annually [Report of the Maize Commission of In-
¥

quiry, p. 51].

Coffee, Unlike maize, there are no coffee‘price supp'orts'. ‘ However,‘ in

v 1963 Kenya joined t:"he“International Coffee Agreement, and ha subse-
quently refused. to allow any further expansion of coffee acreage. ALY
coffee grown’ on small farms is sold to producer co-operatives who pro— o
cess the coffee and sell it to the Kenya Coffee Marketing Board, This -
board' then selis the coffee at weekly adctions in Nairobi, averaées

the prices over the year, deducts operating costs and a one percent tax
for research purposes, and pays the co-operat:ives on the basis of

‘quality. There is some -distortion of relative grade “prices--penalizing

; __lower grade coffee and rewardmg the better grades [Westlake and

Smith]. .

Tia. The production of tea has spread rapidly throughout the sm.ail-

holder sectqr,_i The Kenya Tea -Derelopment Authority was created in 1964

to ofganize and develop the production of tea among African farmers,

~-Smallholder production of tea has risen from 1,6 percent of total Kenyan
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’ tea production in 1961 to 16 7 percent in 1968 [Statistical Abstract

1970, p. 69]. The KTDA processes the tea through its factories, ‘and .

supervises the" licensing and regulation of tea growing and processing, ‘ :

RS i S e i e Rt . . e - e

! then sells it to agents who market it in London. The Kenya Tea Board

and undertakes'_"research into all matters. relating to the tea industry

[Cap. 343.-of__ the Laws,,.o_f Kenya], Like coffee, the price of .tea is

T determiped by the world market. .

’g_g' ethrnm. Kenya -is-the: world' ~—largest producer of pyrethrum, a- flower

from which pyrethrin, a powerful insecticide, is extracted. It has also

"became the first, and thus far only, significant crop once grown pre-
y;y .

dominately by Europeans~where Africans now produce ‘more-than half- of.

'f controlling output s6 as to keep prices high. According to the- Pyre—-"

et b

trol in this enterprise is-directed toward licensing production and

, thrum Act of 1964 control is vested in a Pyrethrum Board. app01nted by -

the Minister of Agriculture "to license pyrethrum growers according to

the annual quota determined by the Marketing Board " and a marketing

-

board, also appointed b%the Minister of Ag-rz.culture to determine t:he '

k]
Tu
L

" quote of pyrethrum flowers to be produced annually, purchase all
pyrethrum flowers ,‘ control processing, and export pyrethrum extract. B

Prices paid far;ners depend to a large extent on the_amount produced in )

-

Cotton..:'co‘tton is 'o—hlly.grow:x by. small farmers, in Wes tern Kenya, and.

along the Coast.__Marketing is the responsibility of the Cotton Lint 7

- " and Seed Marketing Board which purchases cotton from growers through '
E b its agents, at a fixed price set’ each year by the Minister of E

3

|
B
:
i
o total output." -[Development Plan. 1970-1974 " Pe. 69]. “Much’ of the con-{ o
i
i
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-Agriculture, Most cotton is e‘x'p'orted, but a larg_e proportion is also
marketed domestically. Cotton ginneries are owned privately, and are : !
L ‘ensured a fixed return,. I ' Tt -

o Milk. In. 1958 the Kenya Dairy Board was established with the following

e ‘ft’mctions" (1) Organization, regulation, and development of efficient L
‘ “production; (2_) .improvement of the- quality ‘of milk, and 3) s,ta_b_iliza- -
tion of produc'er' prices [Kiexmn,"" Pe 3] : " The KDB purchases its milk -

through its agent, ‘the- Kenya Co-operative Creameries, Ltd. s & co-opera- -

tive society which now has a majority of African members, and which

handles 93 percent of dairy product sales [Who Controls Tndustry in

enys, p. .56]. ~The price structure“formillc is- extremely~---complicated ."_“_ii..-s..,,'

and :var_ie'g'ated B depénding'.’c’m" geographica—l‘* location and 'the prcducer s

pool the farmer is associated withy The. highest price is paid to

quota milk, primarily"milk for human consumption. In. order to ‘enter. . B

~ g ‘ this_pool a farmer has to maintain a constant supply of milk throughout
) the dry season. Any additional milk production above his quota can. be
sold into the second pool (the contract pool) at— a lower price. Con- .
. tract milk is used to satisfy the manufacturing requirents of the
dairy industry, and a producer is allowed to fa11 25 percent below his -

‘,Vc_ontract without being pena‘lized‘_h The lowest price milk is separated

ST SN

re

u

for-cream, and is”.avres‘idu_al after the first two obligations have been

met [Klem, pp, 18-19], - R

» | ) African farmers sell their milk to _co- operatives which in turn .
. sell to; the KCC. As in most other agricultural commodities , the, farm-

-gate price depends on .the efficiency of distribution and marketing of

'.: thes_e middlemen, as well as on transportation costs,.
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Factor Markets' As we ‘have already noted there are four primary fac-

tors in agricultural production—-land labor, capital and purchased in- .

puts. of these land most labor and some capital can be classified as
) traditional inputs, that is, inputs owned by the farmer, for which there o
R are few marlgets, the rest are modern inputs, and their availability de-
pends on the marketing structure. . This distinction is made more for o

heuristic than analytical reasons. . We -should now 1ike to discuss both

of these two groups in somewhat greater detail,

- . . . »
Lt

1) Traditional Inputs: As can be seen in Table II 2, the bulk of the

"”“inputs into agricultural production can’ be classified as traditional &

non-marketed inputs. Unfortunately, this implies that-to some extent,

. at least, the total volume of agricultural inputs ‘are limited Cer-

' factors as capital (native grades of livestock buildings, some tools) 5
" and land are fixed, This .is not "as true of family labor, which as we
shall seg is in surplus (especially in the slack seasons). A large pro-

portion of _farm households,. especially in densely populated areas, earn

sizable incomes off the farm, - Thus, while changes in output and input

. B # . - U.
"2 - +. _prices are not likely to effect the total quantity of land and capital -

iy

Aused they could lead to the increased employment of family labor in

— FRECTIN LA
vy,

'_rural areas, e . :

(2) Modern FactorS' Somewhere between ten and twenty percent of -all -

labor inputs on small farms are. purchased on the market (Table II-2,

: Qol. 10). Unfortunately, annual data do’ not tell the whole story, as




. 4-.’2-9;
most of these inputs -are purchased during peak seasons.v Since, in any:-‘
region, harvesting and planting will take place at basically the same

kS  time,- and since tribal prejudices tend to discourage in-migration of

workers from areas which may be experiencing slack seasons, it may be -
""" _:”"iz"":: "that iHe total quantity of hired labor available to farmers during R
' periods of peak demand is limited [Ommde]
R For other inputs, markets are better articulated although

there are indications that some degree of monopoly prevails [Maize

ommission of Inguigl " The real problen facing the ambitious farmer,

that is, the farmer who is attempting to expand production or: undertake
.u\.,i_innovations a.n& upgrading of his capital stock is the scarcity of Short-' . ‘

term and medium-term credit., Agricultural credit in Kenya, in- accor- '

’ L

o dance with the policy emphasis .glven to enclosure, resettlement, and -

_ and registration has largely been.directed toward Tong" term Toans for _

land purchase. Loans of the medium term for capital equipment
(especially for modern breeds ~of dairy cattle), -and for the crop year
- for current expenses such as fertilizer and wages 3 have been given
: '__:, - short shrift, though this pattern has been changing slowly (c£, Table
As we shall see “this limited capital availability constitutes

one of the most important bottlenecks to increased agricultural pro-

pduction. G
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PATTERNS OF CREDIT, 1964-1968

Short Term Total

Percent * Kenyan
of Total Pounds

Percent Kenyan-.

of Total Pounds

TABLE II-6,

Kenyan

Year Pounds

1964 . 1233000

1965 © 1130000

196 655000

- 1967 98000
' Source:.

57.9 895762 . -

54,1 961193
564 4 506360

25,0 295557

42,1 72128762

45,9 2001172

43,6 1161360

75.0 393557

Statistics Division, Ministry of Finance and Economic

© Planning, Republic. of Kenya,

pp. 118-119,

Statistical Abstract, 1970,

IV, CONCLUSIONS

A

We have discovered that due to climatic conditions ; agricultural

their family,

W:;.production in Kenya is an inherently risky undertaking, This‘risk, has" 7"
,U.b,_een compounded,.by “the dual pricing.policy for maize which leads most
‘ farmers to attempt to produce Just that .amount of maize which will feed

However, the same enviromnent which makes agricultural

production so uncertain, provides the type of ‘climate which permits far-

mers to-grow a variety of crops.

portfolio.

"And it is this ability to grow more

" than one crop in a given ‘area which allows farmers ’.to reduce risk in

~much the same way that a wealth-holder reduces risk by diversifying his _

We have also leatned that the farmer's choices are limited by’

,.institutional and marketing arrangements, that, for example, no new

plantings of coffee or pyrethrum are allowed without a license, and

that most domesti¢ prices are set prior to the crop year. Most



impo,g:;antly, we have géen that credit scarcity limits, t':‘om_some degree,

Ak s s sx ot (lpee

_the-scale of agricﬁiﬁural output, ' The next chapter details a model of
farmer behavior under- conditions of uncertainty, using®the information

we have just outlined,
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tion of the- random variable, 4ncome, we have all the information :

expected utility. '

of having -a probability distribution completely described by its first

CHAPTER.. Ir

A NEOCLASSICAL MODEL OF FARMER BEHAVIOR IN KENYA ' -

In -this chapter we shall presentra model of farmer behavior in

Kenya, i‘ﬁcorporating explicitly the question of risk, By using the neo-

. classical approach to the problem of decision-making -under uncertainty,

o,

we. derive first-order conditions for expected utility. maximization,
calculate price- responses, and derive a pair of hypotheses which permit )
us to test the general specification of the model. ’ o

Accordingly, Section II _presents a neoclassicajf model of

) decision-making under uncertainty, arid demonstrates, that, given both

a utility function with nice properties, and the probability distribu—

‘.. necessary Vto-‘de_terminetthe allocation of resources that will maximize ..

We then set out, in ‘Section IIL, to generate reasonable -speci-
fications of the utility function and of the probability distribution
of ‘income_. Considerations involving the propertyfof decreasing absolute

risk aversion lead us to specify that the ut‘ility function have a.semi-

[

: logarithmic form, _ Similarly, analytic simplic:.ty, and the desirability

two moments » »lead.us to assume that the distribution of inccnne is nor- -

mal,.

»

Section IV contains the mathematical heart of this chapter.

i 'USing»a_senii-logarittmic utility furction and a normal distribution of

Pashinan™1
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income, conditions for the maximization of expected utility are

generated It is these fi,r'st\'—order conditions for expected utility

) ma;:imization which form the econometric model which wé will later esti--

- Sections V. and VI are direct results.of the maximization condi-

- tions generated in the analytical section, ’ In the former, we derive

testable hypotheses concerning rational behavior and economic efficiency. §

Given our model,  we show What relationships should pertain ‘among the

marginal value products of any set of inputs across crops, 1f farmers

behave in an efficient manner. In the latter we calculate price-

N responSe equations by totally differentiating the Vfi s‘t-order ‘condi- - R,

} tions. o o e

RS

-

. . The 1ast section discusses the links between the analytical

"'-material presented in this chapter, and the econometric study ‘that -is--

to follow. There are t:hree steps 1n this econometric procedure' -

,l"

(l) estimating the ~mode1»-

(2) testing the ‘model

(3) calculating the supply-response elasticities

'I‘hese three tasks will be the subject of ‘the second half of ‘this. study. g

- . by

s N . P

v - . .

II. A NEOCLASSICAL MDDEL OF FARMER BEHAVIOR UNDER CONDITIONS ‘OF UNCER~

€l

P As Tedford has noted [p. 1354], basic décision questions are
trivial in a world of certain outcomes. But the world is uncertain e
. especially for a Kenyan farmer, for whom the next year ma}z.bring drought v, T

a or flood 1ocusts, ‘or coffee berry disease,, rising prices or. falling
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"‘pr‘i'ces. __The role of uncertainty in farmer decision-making in developed

countries is at least paid’ lip-service, although the bulk of the litera-

ture in this field deals with prograxmning methods and simulation

studies [Hazell Hildreth and Sadaﬂ] 'I‘he few exceptions include sur-' o

B veys undertaken to test whether or not the farmer is risk-averse. Few '

' attempts have been made to estimate the parameters of a behavioral ¢ ; N

) .md.el

In the’ development literature even less is known. Countless g

writers have acknowledged the importance of risk-aversion in under-

standing the behavior of "conservative peasants" [Massell and Johnson,

S Me1loi:‘,“‘1966 and Schultz] bUt fEW attempts have bé

this risk aversion and asgess its impact. Both Kunreuther and Behrman,

, tions, and both have found its impact to be substantial There have

. also been attempts to model farmer behavmr in a game—theoretic frame-

work [ Falcon]

o Decision theory offers a number of alternative approaches to

modelling this problem [Tisdell]. In the context of Kenyan agriculture

there seems to- be no evidence supporting one of these theoretical models

. K
. dt

' . over another. Accordingly, we shall choose that approach which seems .
R -.;:the past century--the neoclassical model
'l‘his is not the place to outline the development of the neo--

rclassical model of behavior under coniditions- of uncertainty but its main

' ;'features ‘can’ be outlined briefly [cf Arrow for bibliographic and

. to; be most in consonance with the vast body of economic literature over®

ﬁ:édé"‘tb’“thé“a‘tsﬁfé

Thailand respectively) have included risk as a variable in their equa-""';‘ e
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historical information], The decision-maker is seen to have s_'n‘tility '

[

- . N oo )
" function with one.argument, income, which is, itself, a random varia(.l?bie

with a known distribution, The decisipn rqie, which i€ to maximize ex-~
pected utility, can be.derived from a saet of more _bsslic assumptigns, re- =
.-]..sting to the transitivity and continuity‘of the utility function
-[Von Neumannv and mrgenstem]; ) o
' For example, 1et us consider the choices facing the farmer in
Kenya. | “He possesses a set of resources (land labor, and capital) that
can be used ns inputs into a set of productio‘n processes, each_of which
lias ‘an"uncertain :ontcome. 'i;hus, a-farmer, for whom r_isk is an impor-
~ pant consideration, 'will"maximize’"'bi‘swe:'tpected:-'nti:lit;?rather» than his -.
expected Income, If his urility function is specified, and-if the
_Joint distribution of the random variables is lcnown,. it is concep-

. #tually ‘a relatively siiiple problem to arrive at that allocation of-re- -

7 sources which is optimal, Unfortunately, what is simple concep'tuelly,

* is not always as simple analytically, and the next section will be
devo‘ted to 1imiting the specifications of both the utility function and
_t:he distribution of income to forms that both lead to behavior that is

consistant with empirical evidence with respect to Kenyan agriculture, '

and- are also analytically tractable. . S

III. A MORE CONCRETE DECISION-MAKING MODEL
Let us begin with the utility function, We will specify that -
:l.t be continuous and twice»differe‘ntiable. We sha11 also a.ssume that

- the margina.l utility of :anome to be positive, but decreasing, as income

increase's. Thus, u'>0 and " < 0. The t:hird characteristic which .

- . v
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’ will 'ﬁéu’i limit the family of acceptable utility functions is that of

S risk aversion.a We can define risk aversion as the amount of an in- -

L surance premium an individual would be willing to pay in order to ensure
‘a safe outcome,. We can speak ‘of absolute risk aversion, that is, the
B amount of the insurance premium, R, and relative risk aversion, R¥,

vwhich is the proportion of an’ individual's ‘income he is “willing to pay -

T 1 31 Ar 1965 has shown that .
. ‘ as an nsurance prem um. row [ ]‘ a. . shown tha o
(1) R= UL
! : o (3.2) R¥ = -Yut/u* where Y = income

Clearly, any utilz.ty function “for which ur > 0, u* <0, will
e exhibit positive risk aVersion. Of greater interest, is whether these

measures'of:r_isk_‘ave,r_sion, R'vand R*,= are increasing,—_ co_nstant, or’ de_-

creasing f_unct_ions of income, TFor example, if‘absolute risk aversion

-,

B S T f, A

_:inc-reases as income-increases, then as a person moves from.lowet to .... ..~

higher lgvels of income he d be w:Llling to pay a higher insurance pre-

. mium for the same.amount of insurance. 'l'his sSeems: counter-intuitive, 3- |
especially with regard to peasants in less developed coun’tries. i The
development literature abounds with references’ to’ conservative peasants

unwilling to adopt new techniques because of the unoertainty ‘connected -

§ _with them [Mellor, 1966, Hildreth; and Tadros and Casler] Surel‘y, at

0’

»

very low levels of income farmers are more interested ‘in insuring sur-
vival than in' taking unnecessary ‘chances in order to increase expected
return, We would th’.en argue ‘that the utility ‘function we specify
should exhibit decreasing absolute risk aversion,

EE R What can:we say about relative risk aversion? Arrow shows that

relative risk aversion Jis. J.ncreasing, constant, or decreasing as the o g
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income elasticity of the demand for cash balanc"és is greater tham, equal
to, or less than unity.. There are several empirical studies for the °
United: States which suggest that this elasticity is considerably greater A
‘than unity, and thus inferentially, that' increasing relative risk aver- -
“"sion is a property of utility functions in the United States [Seldon, .
‘Friedman; and Mel’tzer]. However, there. is no evidence of similar be-
~ havior among small-scale farmers in Kenya. We have no a priori grounds
for restricting-relative rigk.aversion’ “to be 1ncreasing, constant, or. -
decreasing. o - :

To recapitulate, then, we will specify a utility function that
is continuous, differentiable, w:Lth the first derivatirve positive and
the second derivative negative, and which exhibits the property of de-

creasing a.bsolute risk aversion. Pratt suggests several fa.milies of

= -".Hutility functions that fit this specification, but by far the most-use- -

- ful, be_cause of sits analytical simplicity, is the sani-logarithmic

. function: 1

(3.3) U =1n@)

For reasons listed above, we will assume. that farmers in. Kenya have

equation (3. 3) as their: preference function.

LT lenong the family of utility functions exhibiting decreasing ab-
solute risk aversion are: '
o U(x) = (x+a)‘1 where d»0,0<q<l ‘
Ux) = - (i) " yHere d >/~0,» q>0 ‘
UG) = logx + d +(xtd)® +b) a3 [b7| /2
Ux) =

arctan (ax + b) where a >0, b>1
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"As we stated in Section .II, given ﬁ, one .only néeds -the distri-
bution of ¥, the random variable, in order to have all the information

¥ necessary to allocate resources. rationally. Suppose, for'example, there

2

are two crops whose physical outputs R Yl and Y, respectively, ‘are given
e.”‘"by the followmg productipn functions: .
DI = £(Xp, Xy, Xy) Y1

(34;5) ‘Y = g(XA: 5; 6) 'Y2

Let us» further asgume that all inputs, 'i’

by the farglgr, and that ‘the prices of ‘the two crops are given by

P161 and P262, respectively. Then income, Y, is given by _*“

(3.6) | Y =P £(x), ¥, X) Y15 + 2,80, Xe, %) Y58,

with yl, -y2, Gys- 62 all positive. o e RIS

The variables Yl’ Yos 51, 52, are all random variables with

,,.Q

mean, 1. .We are thus specifying that outputs Yl and Y2 are- made up of -

e stochastic .and non-stochastic parts, and -that the .expected values. of Yl

.and Y2 are given by: o :
8@, X5, X ‘
'Similarly, the expected prices are-' - _ t . S

(3.8)° E(P151) =P ; E(P26 ) =B

We will -also assume that y and YZ are both independent of 8y and P

in othet wofds ; ‘the random disturbance that affects price has no effect

on’ output, and conversely..2 """

BRIt

Only ‘in the case of. pyrethrum is this assumption questionable,
- for .reasons that have already been explained inm: Chapter IT (pp. 22-27),

b

i,— 1, 2, aee, _6, are owned
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o

S What i a reasonable assumption for the joint distribution of

vy 's and § 's, i=1, 2, avs, n? -Since their range is limited to
positi—ve values, and since the mean is unity, it would seem reasonable
to assume that these random variables are distributed log-normally,

' :"'i.e. ,.normal distributions of the logarithms of the random variables.3
This presents a very serious problem; since the joint distribution of a
linear combindtion of 1og-normal variates (and that is what Y is), is
not in general known. 7

- At this point,  for several' important‘reasons, .rlwe will take re-
ifuge_ 1in the Central‘l.imit ‘Theorem }of _pr’obabilit-y theory, which*states

_ that any di-stribution with finite variance can be-appro:iﬁ'i'ﬁnated by a '
nomal distribution with"the'samelmbmerits [Cramer] Such an approxma-

L]

) tion not only provn.des us with a distribution whose moments are known,

©_but, equally" important, the-asstmption of normality allews us to com-.

;sider only the first two parameters of the distr:.bution of ¥, and-con-

siderably smplifies the analytical presentation of the mext section
. ['Ibbin, 1958]. Readers who are not interested in the mathematical

= Hmethodology should skip to section v,

v, Tl-IE ANALYTICS OF EXPECTED UTILITY MAXDC[ZATION =

It will simplify matters considerably if, in the generation of

the results that follow, we deal with generalized formulations of both

“the utility function and the production functions. As we noted above,

. 3c'f Feldstein for a discussion of the relevance of the. log-A
o -mormal distribution in the study of portfolio behavior in the United
;States. A . . -

T 0 ) - - - . -



~'€rith a normal 'distribution of income; ‘maximizing expected utility in-
'voI'ii'es ‘only two parameters of the distribution of income--the mean and‘
"% the variance. ;Ihus, . . BN . .

- (3.8) ‘Max E [U(Y)] is equivalent to Max U*(Y,c )

L EEEE whereUi‘>0 and U§'< 0

_For the"ei-logarithmic function with’al normal di’strii:u.tion_. '
of Y, maximizing expected utility is given by. ”
Ce e (3.9)  EQ) = od"Kin(Y) expl- (Y-Y) /cr y) ar*
This expression can be evaluated by a Taylor expansion of the integral

-

The resultant function, U* 15 given by. "

(3.10) U*(Y,o') 1n(Y) - cr / YZ S
_The resulting partial derivatives are: o T o
'Uf = 1/Y+2o /1!3
R Ty
= - (3.11) U f = - 60' t e
* = N
5, _'2/Y3
T % = T . ! M

U5, = 0

We can also- simplify notation somewhat by allowing

© ., ' _ ’ .o o s 5
(3. 12) Uij = covyiyj +~cov éioj + cov \EAE cov 616‘;]
. Them v o . - -
B 2 2:2 2 | _2-2 2 |
- (3 13) a'y Pl Ylo'l + P Y20'2 +2P1P2Y1Y20'12

4Since Y cannot be negative, a constant must be added to ¥ so
as to insure that-the bulk-of:-the probability is pos‘itive, and the ex-
pression representing the normal distribution is really a density
- function. N - .

This is possible because of our assumption concerning the in-

B dependence of the: stochastic elements affecting price and. output.-

-

o : % 40

" -



G107

It would also be well to constrain the set of inputs available
P to the. farmer. - There are three distinct _types of inputs-- 1) those,
4 such as family labor and land, for which the total sugply is’ limited
- but which can be allocated among crops, (2)» those, 1ike fertilizer,

which can -be: purchased on the market, and (3) those, such as’ tools andf -

e qoffee trees; which are fiked and non-allocatable. 'I‘hus We. will assume— "

* the following. o LR e o R )
o ST W . (3. 13a) X— Xl + X 'total input supply is fixed ..
2, X R _can be purchased at price P3

-

Xy ‘=‘X6 = ik fixed non-allocatable, capital

e C - -__input

The objective function (in the two~-crop case) with a11 its constraints -

wewers 0 TR

272
_ (221?.20 + P§Y§ 2 5 2pP,¥ Y2q12~)]?‘_"-l_- e
S o - "1 vy (1’ 2”‘19)““"2(Y |
Maximizing (3 14) with [respect to the nine choice variables (Yl, YZ’ Xl’ T

@i EUE] = VLB, 42,7, - 2 Oy e Xy

22 ‘ 4,‘ 5, Al’ A , 7\ ), and eliminating the ?\ s, nroduces the following

first-order conditions : ’ ‘ . .

" c o . . . . - . - : . -




L VpE by (2® chf + 2P1P2Y20'12) - UfPslfz =0
| Uj B P, + U} (zr 2°§ + 22.2,%000) - 3/g2‘ = 0
3 L  Em-gy T T =0
T L VR L I L
uw L e, K R e =
L IRREEES i--x -"x ; e e

The next section will discuss some of the hypotheses generated

by‘ the/f:[rst-order conditions (3. 15) from these hypotheses s tests can be

2 s

conducted to determine whether Kenyan farmers behave in the: manner pre-' »

dicted by our model

s
-~ ; . - - - . -

=Y, RATIONALITY AND ECONOMIC EFFICIENCY N AN UNCERTAIN WORLD

Pl

The conclusions derived from the theory of the firm concerning

- I

S e e P )

N If firms act in such a way as to maximize profits the following

1 R
conditions must be met. Do e

e ARSI -(1) the marginal value product of a.ny input equals its price »

- i

and therefore H

(2) the ratio of the marginal physical“(p‘roducts of any =) in-
i puts equals the price ratio of ‘the inputs,

(3) the marginal value products of sny input in two uses are
equal ’ ' B

- From l:he third equation of (3,15) -it is clear that the second’ condition

5 holds in “our model However, we w111 show that,,if the farmer is risk

' ’averse, the first and third conditions for profit maxmization will not,

in general be true.




) Taking ‘the ratio  of the first two equations'of (3. 15) we. get

a. 15) (Pl 2 " P (21’1 1°1 + 2P1P2Y2°12) .

2
(®p8, - P (@ByE,05 + 2BE ¥ 12)

Let us define the following.” : : S e

- e 2 2 ) IR
- 8; = 2Pj¥i0] + 2P1P2Y2 ia cen
‘ < 222%.52 '
. 32 = 28, 2 + 29192 1012. . R

Then S aa /aY2 and 32 - /aYZ, the marginal increments to risk

of increased production of Yl and ¥,, respectively. 1f Sl is greater

L

than S then crop 1 is riskier than crop 2§ in -any case we have'

. P -
(3. 17) Plfz < Pzgz.,, a8 -;Sl,...<.. Szm

i.e. pe ‘the marginal value product of any input into activity i is gl;eater

P 4

than, equal to, or less than the marginal value product of tfhat same

i

= input into activity j_, -as the marginal increment to risk.of. increased L

production of commodity 4 is greater than, equal to, or less than the = °

~.A

marginal increment to ‘risk of 1ncreased production of commodity i, This

© resdlt is analogous to that of po‘rtfolio -choice: theory where mvestors
who choose riskier assets expect higher returns [Tobin, 1965 Mar-

kowitz]. - .. . L .

In short, a ranking of £rops by their marginal incrents to

1o’
v

risk (S i) should be identical to a ranking of the’ marginal value products o .
-by any allocatable input.- This condition for economic efficiency, S
coupled with the profit maximization condition of the equality of the
- ratios ofu«the‘:‘nargmal physical products of any pair of inputs in .each
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"of two uses , makes it possible for us to test whether the behavior of

the small-scale farmer in Kenya is consonant with the modél we have pro-

4
~ pounded.

- VI, THE PRICE RESPONSE OF KENYAN FARMERS

- In order to discuss price response it is simpler to change the

notation somewhat, and to generallze to n cases, where n equals the num-
ber of differenvt :anut uses, -Then in matrix form:

T (3.18). T = - PERY o _1
(3.19) o;‘: PFV(ER) ' ‘

g

(3.20) ‘E(U) =.U*(PF, PFV(FP) ) +. 7«. &I - X )

-where (Fl’)“ is the trans_s_pose-of the vector PF, the vector .of incomes” B

- < o &

from each crop, Sl ) .
""" R ' is the variance-covariance matrix, of Which the typical
. e _ element is criJ, o L S
X is the set of vectors of inputs for which the total quantity-
is f:lxed, “ | o
e is the \'I-ector of Laérangian \;a;lahles'
The mai:_:l.tnizati’oqwgg»ndi'tions then become:

- (3.21) UJPF, +USPF.V(F P)' +A = O 1, constrained

. e §BF; =
' ' ' - UJPF, + U4PF V(FP)' = 0 i, notconstrained.

From these max:.mlzation condd tions ,. which are identical to those of -

3. 15) » Wwe can calculate the farmer s supply response to price, dX /dP
Takmg the total derivative of each of the n equations » gives us

"a set of N' equation systems of the following form:
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3,22) X - =R, de;  1=1, 2,.eu,n
" 31 =1,2 .., N )
o a'ij% u%PFij + Uf (PF,VEL + PFVF, ) +U11 N )
LT e SRy - Q)(1>F -Q) +2U ((PF - Q)(PFV'F Do+
- (PFy. - Q) (PEVEY))
. -
- | Eyy T g U*(F PRV + T v 1) U ‘
| | FjPF + ZUfZPFiPFVF S - 3
. _ Ihe solution to (3. 22) is easily found by use of Cramer 8 Rule.
Substituting R_‘] into. the ith column of A _ B o h ST
T (3.23) - dXi/dP S\, here \&!| fs the deter-
. ‘ : minant'of the new matrix,
Lo : | o L . - ‘a.nd A_ is the determinant-—- -~ i
PR . o " o of A ' '

It is difficult to. show a.nalytically that A is non-singular, ‘but the
calculations which we shall perform in Chapter VII indicate that this ) -

is, indeed, the case, Needless to say, the resulting expression is

quite complicated and ambiguous ; Since not only are there income and

- substitution effects to take account of, but also added difficulties

caused by the curvature of the production functions. Thus, in’ order to

predict: ‘the signs or magnitudes of the farmers' price response, one

T " - - 4. - T DA e

needs to know the specification and parameters of the utility function,

the variance-covariance matrix of the subjective probability distribu-
tione of- output and price, and thé technological relationship between
input:s and ‘prices,’ T .

3




VIL, ESTIMATING THE MODEL' 7
This section will be mainly concerned with anticipating the
"} econometric study to follow. This studj}'":hfas four components:
(¢H) The estimation of the variance-covariance matrix
» T (@) The estimation of the utility maximization model
(3) Testing'themodel
%) Calculatiné ‘the Price ResponSe )
’”We have 8aid little so far of the estimation of the variance-

covariance matrix. This i‘s a separate problem from the estimation ‘of

the basic model, What we shall do is examine time series of output and

“price for each of the crops involved extract the random component of
esch series, and use’ these estimates of the disturbances to calculate
. wthe variance-covariance matrix, Having done this the cij 's becgme ‘
:exogenous variables in the ‘basic model, - ‘ T L
The most critical aspect of the empirical portion of this study

7 is .the estimation of the model presented in (3,15). The next chapter

will e;camine, in some detail, the data upon which this estimation is to
.. 'be based,” In Chapter V we briefly discuss estimating procedures , and
‘then‘ proceed ito estimate those equations of'the model which’involve the -
production functions. There are no parameters in the other'equations"of
(3 15; which are not derived from the production fu.nction elasticities
and constant terms,

Once these. production functions have been estimated, it will be

possible to. test whether farmer behavior is indeed nisk averse, As we '

o ,tv“'noted above, if farmers are expected utility maximizers, then we would

-expect to find all three of the following conditions to hold'
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-~ () .the non-eq'uality;of marginal value products o"f'? any input in
each of its alternative uses; |
(2) the ranking of crops by marginal value products, “for any
input, will be the same as the ranking of these crops by
the marginal increment- to risk;
(3) within a crop, for any two inputs purchased on the market
' the’ ratio of the marginal products should equal the price
; ratio. ) ,
These three tests will enab-le us to state whether or not the analytfcal

.

model presented here adequately describes’ farmer behavior.
. ‘ goud

Lastly, by means: of' eq‘ua.tion (3\: 22) we can calculate ‘the price
response elasticities; It might be’ well td.review just what these‘ elas-
ticities do and do not.signify. First, ‘these elasticities ‘will not have
been- estimated directly by any type of régression analysis; rather, they "
will have been calculated from the estimated,production functions and
risk matrix for the __s.em:i.-logarithmic specificati\on of the ”utility :
function. ‘Thus, they do not, in any way, represent observed patterns
of behavior, but"rather' expected behavior, if farmers. are e:-rpec‘ted
utility mmizers. In. other words ' if farmers R given current levels
of, exogenous -variables, maximize their expected utility, as we have
argued, and if they continue to maximize their expected utility' when
the exogenous variables _change, then _the numbers which we shall cal-
‘culate do indeed represent the short-run elasticities of supply,

. There are somé further assumptions which should be made explicit

before we proceed to derive the results, We have not allowed a.ny ad- -

justment process to take place, assuming that farmers react

.

KRR
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: instautaheously, to ’chap_ges‘ in exogenous variables, This is probably
not true, and thus the elasticities which we will calculate are most

K likely under- estimates of the true results. Secondly, these are short-

TYn elasticities 3 relating to change within a time period (crop year)
~during which capital stock on the farm. specific to- certain enterprises--
coffee trees, or unimproved cattle, for example--is fixed. Since th_ese .

capital"mputs are of' great importance"in' ’the-production process » the

’ I.ong Tun elasticities would be of much greater interest for policy pur-

poses in any case, but such long—run elasticities require much more in-

- formation than is available at ._this,‘tilhneq_ .

.
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THE DATA SETS

Ideally, the model which we w:Lll be estimating requires a cross- -

sectional time series of micro-level ‘data on inputs, outputs, and

prices. In this way we would have information on both the cross-

: sectional model described in Chapter‘ III as well as on the random

N

variables wh:.ch affect both output and price across time. Unfortunately,

‘guch a data set is unaviilable, What we do have isv a ‘cross-sectional,

.

farm-level series on inputs, outputs, and prices;'and an aggregate
time series o marketed outputwand price to the producer. ﬁe intend.
in this chapter to describe “in some detail these data sets, their
strengths and weaknesses ’ and the procedures used to link the available
data to the variables specified by the model »

'Ihe first section describes ‘the Small Farm Sample Cost Survey,

,

1969 1970 which is the source of the cross sectional micro- level =

’ data. Section IT deals w:.th the not inconsiderable difficulties of .

”«505‘*irari'ables. This was possible because of the disaggregated nature

correcting the data. ‘ In general this involved examining each of the

-

1350 observations (farms) , and checking- for inconsistencies among’ the

- of the data set. - : : -

Section III deals with the stratification of the data set ‘into

ecological zones, . i. &,, regions within which climatic and soil condi-

- tions can’ be roughly assumed to be constant, All farms within each
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s

e (“ r
‘ecological zone, then, can grow the same variety of crops, and have the

‘ same evai‘iab'le technology.
O A more detailed analysis of the variables obtained”from the
Small Farm Sample Costs ASu-rvey' is found in Section IV, There we will
'?-a'ééé%;ibe the actual variables for which we heve information, the way

in which these var:.ables differ from the variables specified in the . B

.

model the relative credence we can put in the data as coded and

_ what . A effects this- misspecification is likely to have on our parameter o

~ l

. estimates, . ' - o~
The last \eection performs a similar function with the agzregate
-time series data which we'shall. use,. . vln other rqords , S,ngion Vi ,de_scribes,
‘the _vsource‘andié'cope‘o‘f -the data, " the deviation of the giver da;ta sét

from the specificatlon of the model, ‘and the manner in which th:.s .

misspecification is’ to be dealt with < R

L - THE SMALL FARM SAMPLE COST SURVEY

The Bas:.c set of data to be used in estimating farm production .
functions in Kenyat. is the Smalvlr Farm ‘Sample Costs Survey," 1969-70, 7
: conducted by:the Stétis-tics%D‘ivision of the’ Ministry of Finance and
Econonlic Planning of the Repu\ic of Kenya. Kenya is divided adminis- ‘
tratively -into provinces ) districts, divisions, locations, and sub-
locations, the last of these corresponding roughly to the areas of -~
local government under the aeg:.s of tribal authorities, the sub chiefs.
of the forty districts of Kenyd, - which, correspond roughly to tribal
areas, twenty-one (all of Nyanza, Western, and Ce:tral Provinces, the™

Rift Valley districts of Nakuru, Nandi, and Kericho, all of Eastern
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-'Province except Kitui, Isiolo, and Marsabit Districts, and the Coastal

Districts of Taita and Kilifi) can be said to contain some 90 percent

b, of Afri‘can farms.'1 Seventeen of. these districts were included in the

Sample Costs Survey of 1969-70 Within each district certain sub-

_ “Todations were chosen. in order to ensure that there were the requisite
“number of observations on each of the enterprises (crops) which" were to ,
be studied--improved and unimproved dairy, Jocal maize, hybrid maize,

N coffee, "cotton, pyrethrum, and tea, Within each sub location farms

were chosen at random from the list of registered farms (probabLy an -
! . »
unrepresentative sample). 'l‘hus the procedure was one of stratified

random sampling, although it ig’ not clear that the set of farms from
which the sample was drawn contained thé. universe of a11 farms withdin -
each stratum (cf. map on follow:.ng page for distribution of sample).

o

p , e Each interviewer was-given a _questionnaire which contained over - Tt

~':three thousand entries. Certain entries, such -as capital stock esti-
” mates, inventories, livestock numbers, etc. s were to be filled out at
;the beginm.ng and end of the survey period--April 1, 1969 and March 31,
1970, respectively. Others, such as inputs of labor, fertilizer, in-
‘ s'ecticide were to be filled out on a monthly basis. Interviewers were -

instructed to, ask questions such as "How much time did you and your -

[T

'family spend weeding maize this month”" From a whole set of such

questiuns the interviewer could estimate the total monthly inputs of
g

of labor sto maize. - R Qe

1A11 of the small-holder tea, 99 percent of the small-holder

7coffee, all.of the cotton, and about ‘75 percent of the pyrethrum are -
"-~grown in these ‘areas, .
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At the -end of the year, the in,formation on the'questionnaire v
nas coded into ‘505 variables per farm-and.put on magnetic tape. Thus
for each farm, information was obtained on the quantities of.all inputs

used,. all. output produced, the cash vdlue of those outputs, the distri-

¢

. bution of outputs betiween home use and market, capital stock at the
Beginning and end of’ each survey period, debt obligations, and some
. socio-etonomic data such as education, age, etc.

©a

I, EDITING THE DATA = =~ - - :

'Ihe difficulties involved in determining to what extent the
e e e i o a1 - P I e e

final figures recorded for posterity on magnetic tape relate to the

—m--Mtrue" values are -'enormous_. .’m_e problens 6f survey research ‘are large »

‘ enough in a developed'cémntry; in a less 'developed ‘country, where

farme_rS}Ceepfew»or 'no records ; where there is distrust of 'intert B
viewers ) ~where procedures for: supervision are somewhat haphazard, one -
is tpted to throw up‘one s hands in despair. There are so many

. places where the information could be incorrect--the famer s recollec- .
tion could be faulty, he cduld lie to the_interviewers ’ the interviewer

" could be lax or dishonest, the coding could ‘be incorrect, or even the »
punching of data on to cards.could be faulty.; And yet With all these
possibilities of error, we shall see that we- do achieve surprisingly
good results, = . -7 S .
” ‘Setting aside the indeterminate question of measurement error
for the moment, the Small Farm Sample Costs Survey comprises a gold mine
of information for the researcher--a sample of .1350 farms throughout the |

country, with information on a11 inputs, outputs, and prices,. We
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believe there is no similar store of information available for any
other less developed country, on a nation-wide basis.

4 As noted above, as the information passed on its way from farm
to’ magnetic tape, there are many possible points at which the received
: ,data “set could diverge from "truth," Since I had no_ control over the

collection process, it was necessarytfor me to develop objective tests

-

by which the data could be evaluated and corrécted, Since the data
were in such a-' disaggregated form, it became ipo‘s'sible to p'ose _'_a series

of consistency tests by Whlch the most egregmus errors. could be eli—

I -~

minated. There are three distinct categories into which these errors
& o

can be div-ided:' -

Domain Error. If any v_aria_bie had a value _‘eﬁceedin'g A9999,. a'check was . » ~

made to see if the infonration was r_zot mispunched, ‘That is, punching

intoruetion in th'e'wron'g 'columns coild lead to results that were-

clearly out of bounds, such as: 70000 ma.n-days of labor. used in producing o

coffee. . This was relatively easy to’ correct, as only capital values

and land values were generally :.n f:l.ve figures., ‘

Consistency Errox, Production requires at least some form of labor and

land-inputs. Thus if there were some positive- output: of cotton there

had® t:o be at least some type of labor input as well as 1and input, Often,

r'once detected .the errors were easy to correct. A series of inputs into

hybrid maize, with-no output occurring in the same farm as a positive

value for local maize output- with no local maize inputs was interpre-

. tated as implying themispunch_ing or miscoding of the output variable, '

~and. the .value for hybrid output was assumed to-be in re'ality the vaiue

coded for local maize output, and the latter was corrected to zero, '

N -

’
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Where there was but ore error (a missing labor input or a missing land
input or a missing output vallre)' and a corresponding error in another

eéterprise, the correéction procedure was straightforward,; Where there
was more than one error, the observation was generally dropped from the

sample. It was also assumedthat for permanent’ crops (tea, coffee, .

and pyrethrum) land inputs during- the long rains ‘had to be equal to the

. land’ inputs during the short rains (cf. P. 60). Where this was not

true, the Sum of all -land inputs was checked to see if it equalled the

total land _area as coded..

:

Sum Errors. In numerous categories, both.the total values and the tom~

ponents of that total were entered, For example, the total capital

’ value of the farm at the. beginning and énd of the period was entered ag”

"_well as the specific categories--land buildings and tools. If the

total did not equal the Sum- of the parts , then that set of variables = .

w'as“éheeked, first for inconsistencies that might have been caused by

- ‘mispunching, and then,. if it seemed reasonmable, the total was changed

rather than any individual part.. For example, if the sum of all pur-

‘chased inputs into tea equalled 497 sh., and the various components were
400 sh., 900 sh, , and 7 sh. (a sum of 1307 sh;) , it is logical to assume
that the -variable value of 900 sh, was in reality 90 sh. ) and had been ™

"punched in the wrong column,

All in all there were eighty- three such tests, and 1324 correc-

table errors. One hundred and eighty-four farms had to be dropped-from
' ‘the sample because there was no clear-cut way of dealing with the
"errors. . It was ‘then decided that even though the resulting information

. was consistent, certain locations revealed a pattern of information-that
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.was patently incerrect. 'This was especial'ly related to labor inputs,
)QThereﬁwere certain sub locations where labor inputs seemed to be largely

understated, These areas were excluded from the main body of the- sample )
" on the basis of whether the averagé labor/land. ratio was less than

an

tweAty man-days per acre.

III. SAMPLE STRATIFICATION N
'l'ne vast climatic range of Kenya has already been discussed in
Chapter II, It was dec:.ded to divide the sample of included fa.rms +into

ecological zones within which climat:ic conditions are roughly simi‘l.ar.

'The—ecological—mapping—of—Kenya_has not yet been carried out in great

Al

detail but several- criterla have been suggested dating back ‘to the .~
colonial period of the 1950'5. The scheme which will be used here is
based on the ecological divisions found .in Clayton, which are enumerated
in Table IV—l below. -

| o TABLE Tv-1 |

. ECOLOGICAL ZONES TN KENYA--CRITERIA BY PROVINCE -

) Ec. Zone R Altitude Range (thousands of feet)
- Nyanza & Rift® - Central & Coast
Western Valley - Eastern

»

'3, Balanced Mixed o -

Farming - - 5.7 7-9  6,5-7.5 -
4s' Kikuyu Grass , © mee == 5,5-6,5 over 5,5 .
-~ 5, Star Grass . . 4-5 oe- 8,5-5,5 . 4,0-5.5 -

v

.6, Grass Plains, Savanna.h ' :
. Coastal Belt C 2-4 3-7 . 3--4,5 0-4.

‘_Source. E,- S, Clayton, Agrarian Development in Peasant Econom:.es
’ (Oxford' Pergamon Press, 1964), p, 36..
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Ecologica]‘..'Zone three includes somé of the finest arable land

in Kenya, suitable for tea, pyrethrum, coffee,.maize,' and dairy,.. Most

of'the land in this zone is located in the Western Highlands around

Kisii, and across the Great Rift Valley, Zones Four and F:Lve occur

most often. in"the Certral Highlands on the slopes of Mt. Kenya and

the Abederes Range, The Kikuyu Grass Zone, which 1s at a higher alti-

tude a:nd consequently gets more ra1n, is ‘suitable for coffee and teéa, as

well as the subsistance crops of maize and dairy. However, these

mountainous areas are not nearly as suitable fot large-~scale farming -

as in Zone Three, due to the uneven terrain, ' The Star Grass Zone is a
: ' -

coffee-growing region, Zone Six is a conglomerate, including™the low- -

lying areas of the lLake Victoria littoral, and the coastal belt, an

area of mos_tly su_bsistance'lfartning with some.coffee 'and cotton, These
: are qn_mng the -i:oorest“a'gr'ioultural dreas in Kenya,

IV. 'I,'HE CROSS-SECTIONAL DATA SET

Outputs. Al‘l outputs are in physical terms--bags of maize, gallons of
milk, pounds of coffee, etc, These measures are probably clos_e to the
7 actual. .values, since records exist- for those-crops vhich ar'e marketed,

v .

‘and maize in store could be mea.sured directly by the interviewer.

=

Labor Ingut. Labor inputs, both hired and family, are measured in- man- -
days of eight hours eacIu -.An eight hour labox 1nput: of a man or woman
was counted as one ma.n-day, while an eight hour input of a child (under

sixteen) was counted as one-half a man-day, Unfortunately, no informa-

' . tion was coded concerning the time path of labor inputs, and this makes

. it more difficult to answer the impor tant questions of the emp:.oyment

s
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generating possibilities of increased agricultural production. Among
the variables coded was a general labor input. However, it seemed

that different interviewers had different ideas_aﬁ_wt_g What should be

considered general labor, some allocating such chores as-land clearing,--

repairing of tools , ete. to individual crops, while others were more -

discriminating. In order to resolve this difficulty, it was decided to-

allocate the general labor proportionately among the various crops. Of

“all the variables .coded, the labor figure.is probably the 1east re-

1iable, ’

Purchased Inputs, All non-durable purchaéed inputsvwere aggregated to-
. "Y

-gether andvlshilling-»values were used This raises all the - familiar R

problems of the use of value measures rather than phys:n.cal ones- [cf,

,Nerlove, 1965]. _ This problem is compounded by the differing degress .

Y m.onopoly power that exist in different areas associated with the

T

: selling of such.factors as fertilizer and :Lnsecticides. Nevertheless,

no vidble alternative to value measures seemed available.

© Land Inputs. Land is measured in physical units (acres) for each crop.

Within each ecological zone no attempt was made, as no information
existed, to differentiate land on the basis of quality, Moreover, as
cropping patterns varied from region to region (most regions have two

o

. planting seasons, a short rainy season and a ‘long ‘rainy season), some

common land variable had to' be computed. For permanent crops (tea, cof-

fee, and pyrethruni), 'no difficulty arose since the same land was kept

under these crops all year round, For temporary crops .(maize,' cotton,

“and’ dairy) , 1t seemed that they were planted either during the long
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. Capital. Openingf‘a'nd :'closing.-value measures were coded for tools,

260

rains. or the short rains, rarély during _both. This suggested that each

of the following patterns should be codéd as a land input of one acre:

L] : . . “
Long Rains Short Rains

| .0 . 1.0

S X S ¥ 3
_ : 0.0 10
S LB

All land not planted with crops was- considered to be grazing land. ']2his"._~-~

was divided between grade and native cattle on-the, bas:Ls of the propor-

tion of total livestock accounted for by grade and native cattle respec-

tively.

_‘.'buildings, dairy deadstock grade cattle, unimproved cattle, other live-

stock and” inventor:.es., As Yostopolus noted, stock variables are” very' e

poor measures of capital services, even when depreciated. The most im-

- portant capital inputs into small scale agriculture are livestock and

tree inputs where the vintage of capital becomes very important. Value

bas been used as 8 measure Q,f livestock inputs as it is more closely

. related to the vintage structure of cattle-than mere numbers. There

“gre no data onthe number or vintage of tree crops, but as Kenya is

prame - v : L.

: party to the International Coffee Agreement, o legal new plantings of

coffee have occurred since 1964‘ .Thus all coffee trees are over 'five

years- ‘old, the da.ta of maturation. There's no marked deterioratiqns of

’ eroffee trees- for: at least the first . forty years of planting. Tea in-

puts were ‘divided between tea. in production (over five years) and im-

“mature tea. Only the inputs into the former were consiadered the latter
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: being included under the tategory of “investment, Pyrethrum has a three-
year life cycle, it is thus necessary to assume that all farmers have
divided their_vpyrethrmn acreage‘equally among the three vintage_s of
-pyrethrum,' thus~keep,ing' a constant ratio of service's' to' stock acro‘s's“__ AU

B}

. __“Na;.l. f . S [ B e . ‘7. ! . el \

i -—VPrices, All prices are farm—gate, net of transportation costs. Wages, T
PO : B SN

- include that portion paid in kind. For farms that did not enter one

or another of the: product or factor markets 3 verage prices for the sub- .

£ TR 4

locstion were used, .. . ... .. ' :

— ""v.', THME smn:s bATA . . T
o Before actually discussx.ng the time series data which ~we will

: use,_ i.t might be. well to recapitulate the process by which we intend to

,obtain the variance-covariance risk matrix, Ideally, we would like tOLLIL L

-y

have a time-series of farm level 'data, from which we would calculate

‘the actual random disturbances 1n output over. time‘ Unfortunately, the
B only data which are available, are district- level aggregate time series
, e - of marketed output and price to the producer,
. o 'l‘heseﬂ, aggregate data -differ _from the microeconomié data we re- -
L quire intwo nays :. (1) '*they aggregag:e‘ disturbances over an entire""dis;
trflct;' (which may include more than one ecological -zone) R and'(z) more

other than random dz.sturbances. These include for example, changes in

. input quantities and changes in technology. " What we will® attempt to

do, then, is: to extract from these aggregate series the systematic

portion, due to changes in economic variables, or to secular or cyclic

: v ¢
Loter S S
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trends , thus leaving the random component, from which we will calculate
~ our estimates of the variance-covariance matrix,

4 .
'l‘he data to be used in. estimating the variance-covariance matrix

.~

were collected from various mmistries and marketing boards ; as well AAAAA
'.as from published data_. Bas:.cally, the output series consists of twelve
. year time__series of marketed output for small farms R at the district_
“level, . 'This is also true r‘or“the price series.A For maize, co'ffee, '
and tea, data were” aVailable by district, whereas for pyrethrum, cotton;

and milk _only aggregate data for all of Kenya ‘were available. of" the

three price series (tea, coffee, and pyrethrum), it was possible to get

X
district level information only for tea. These series can be found in

Appendix I.

The next chapter, after a brief' discussion of estimation proce-

-~

dures, is devoted to using these two sets of data (cross sectionand -
time series) to estimate the production functions for each of the enter-
prises studied, and the variance-covariance matrix of risk for each

dis trict,



CHAPTER V‘
EMPIRICAL RESULTS
'»;,' ’

In tlllllis‘chapter we shall present the results of the empirical
part of this stud;-;-the estimate:og the parameters of, the production
functions and of the exogenous variables, the variance-covariance matrix .
of the ra_mdom disturbances, Before" presenting our - results , we shall
" have need.in this chepter to explain our estimetion techniques, and

justify our choice of functional form, - o S ISR

In Section I we fe discuss the Marshak-Andrews ob jections to Or<

dinary Least’ Squares estimates of pr.oduction functions, and conclude,
that in the contei:t ,6f"agricultural prod'uction in Kenya, these 6b_j'_ec_-

tions do, indeed have validity. Consequently, we.shall use instru-

J‘ >

"~ mental. variables as the procedure for estimating the parameters of the’

_.production functi_ons , uding as vins_truments, the exogenous variables
(capital stock, prices;,"total factor constraints, ‘etc,) discussed in
: Chapter 'iII. A | '

" The second section deals with the choice of functional form for
the production functions. Neoclassical theory suggests certa.in ‘proper-
' ,-tieg whieh we would like production functions to exhibit, and Cobb-
~136ugiag production"functions- ful£ill ‘th.is set of cqnstreints. Inv addi-
tion the Cohb;ﬁouglas specification does not appreciably decree,se the.
degrees of freedom, provides ease of estimation, and has heen the sub-

ject of a copious 1iterature relating to the problems of estimation.

~'In Section IIT we provide the estimates of the parameters of

seventeen Cobb-Douglas production functions (eight enterprises across
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four e}olégiq;.l zones, although not all crops are present in each zone)z
and disc;uss the properties of the production processes suggested by
ﬁhese ést‘imates. Wé next proceed to the estimation of the variance-
covariance matrix, Section IV dedls with the technique which we shall
use in the estimation process, whiie Section V concludes the study by
presenting the results of th_is est:lmat:i.on on a district by district

basise.,

LN

L PRODUCTION FUNCTIONS=-THE ESTTMATION PROCEDURE

Marschak and Andéewe, in a seminal paper published in 1944, :

e ———— e

" demonstrated that cross-sectional ordinary least squares estimates of
Cobb-Douglas production functior_zs were both biased and inconsistent :
fecause they failfad' to talcg account of the fixed-factors’ (managgment)
specifi;: -?9 each firm which iﬁflqenced the process of choosing the

i ﬁj.rm'S‘ i:np.ut mix, Since these omitted factors were included in ,tﬁe
r;sidual, and si;1C:e théy were correlafed with the independent variables,
oﬁe of t.he basic assumptions that gﬁarantges %that ordinary least
squares estimators are besg ‘linear unbiased estimators has been violated
[Johns;ton]'.' The concﬁ;sions drawn by Marschak and Andrews, and. by -
later investigators such as Nerlove [196\?] ‘andrv_k;lters [1963], are that
'p_rodut::‘:io.n fL;ﬁction eétiﬁation requires some te'chnique‘ that' takes into .
account Fhe simultan'eéity of the system, In other words, one really

~ wishes to estimate a complete system of profit (utility) maximization

equations such as those presented in Chapter ]:.II (equation 3,15, 15, 42),
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Since (1) -Ordinary Least Squa.res estimétors would be biased and.

. ~.dnconsistant, and (2) parts of the system are mon-linear, the technique

.

e Gt e v

which we have chooen to use in estimating the agricul.tural productionr
functions of this study is thdt of ins‘trumenﬁal variables, We have . _
“hoted. before. that prices, oapi;tal stock,"s_pecifi_c capital inou.ts such’
as coffee trees, "total land andllabo:': availability, all weré", é_xogeuo’u'o
;vafi'ables n'rithir; our timo fraioe;"anc} vari;d widely ac:;:oss farms, - Con-
. sequeot]_y. we hadr-ava‘i;lablje a reaooﬁab_lx large sét'of exogenous- variables

“which could be used as 1nstrliﬁ1énts. In addition to the. var'iables listed .

above, addit:.onal instruments could be found in the educational level:

of the farmer and ‘dummy variables related to the’ location of the“’i:‘“‘rm.1 e —

II. 'I.'HE CHOICE OF A FUNCTIONAL FORM

Choosing a functional form for" the production function presented
. , something ‘o’f a problem. ~Having¢'no priors on how hoeing 'and nitrogen
phosphate comb.ined to V.pro:ciucé a bag of Jmai-ze,, vi;t became necessary to
choos:e: a -specifioa.t';tg.n of the produc;:_ion function vwhich was easy to
handle, estimable' in terms of the data available, and consonant with
certain assmnptions derlved from neoclassical -theory, Among these

assumptions are: - (1) marginal.products should be positive; (2) the - ¥

]fIn our.model, - the variance-covariance matrix provides a whole
set of exogenouys variables, _However, we have only observations on a .
district basis, i,e., withif a district all the elements of this matrix <
are equal across farms, We are estimating production functions within
an ecological zone, and there are gemerally several districts within a .
given ecological zone; -thus, the district within which the .farm is
located is & proxy variable for the variance-covariance matrix. Ty
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marginal product: of any input should decrease as the level of that in-

-put is increased while other inputs are held _constant; and (3) there .

should be no a pr iori restrictions on returns to. scale [Allen, -Brown].

A digression on returns to scale: intuitively, one expects

".production to’ be a constant returns to scale process, One would expect, .

. that if one took the same farm, and somehow cloned it, -the" output of

the two farms together would be exactly double that of the original

farm.. Accordingly, one develops "stories" about increasing or de-

creasing..returns to scale--the former due to indivisibilities of some -

input (donkeys ‘or tractors), the latter, to the omission of some con- .

Wstantwinput—whencall_other..inputs.rare,_expanded (management or“land

. ;which includes the Gobb-Douglas as a special case], but these -~

quality, for example). In those terms, ‘then, -constant returns to -scale, »

-is a method for testing the specification of.the production function,

Tt

-and decreasing returns to scale suggests the omission of an important SR

< e e v e e i el

factor of production, . This does not mean that we shall stipulate that

- our production functions exhibit constant returns to scale, rather we

shall ‘have more faith in our estimates if the sum of the estimated
elasticities is close to unity. _

- "].he Cobb-Dbuglas‘ f‘u'nctional fonn seems to fit all of the condi-
tions enumerated ~above [Cobb and Douglas]. In addition, there is a’

‘e

copious literature dealing with ‘the . estimation problems encountered in

using Cobb-Douglas production functions, and this literature will aid
us ‘in our analysis of the properties of the estimators, Many of the
..8ame properties also hold for other production functions [e. - the g

,‘Consl:ant Elasticity of Substitution production functions, the family
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production functions would be \difficult' to estimate given our model and
the available ‘data [Arrow, et al,], For all the above reasons we.have
chdsen the" Cobb;Douglas as the functional: form which we shall use in

estimating our production functions.2

S The inputs into these Cobb-~ Douglass production functions can be :

_divided into five categories—-land family labor; hired 1labor, pur-

chasecL inputs » and capital stock. Because of the problem of zero-

levels for some :|.nputs for some crops ; most estimations w:.ll actually _
use a subset of these inputs. In particular, not all crops will have

inputs of hired labor or fixed capital for example. While there are -

a number of ways of handling the problem of zero- level inputs into .

Cobb-Douglas production functions, all of these lead to biased esti- RS

mators [Johnson and Rausser]. Fortunately for us, for each mdividual

e

s

L production function, those inputs which had zZero- levels for some- farms,

i'»zR'asmussen, in a study of farm accounts in Denmark, offers the - '

B following Justification for the use of Cobb-Douglas production func--

tions HER

'Most studies in this field have used the Cobb-Douglas
production function, partly because it is so easy to.use,
partly. after.an’ argument that so few degrees of freedom
- are lost by this.function, but without doubt mainly due to
the experience that this function £its the data very well,
When one can readily obtain a multiple correlation coeffi-
,cient -as-high as 0,97-to 0,99 and at the same time a dis-
“tribution of actual products around the regression surfaces
"which is a near approximation to a normal distribution,

' there can hardly be much wrong with this type of function .
as a working hypothesis... .

. - In futufe some worker may find a function which is

- more-appropriate to the study of farm production funectiors,-
but at present it would seem that there is little need to -
‘discard the Cobb-Douglas function in' spite of some workers'

-:disinclination to accept the constant elasticities. and
linear least-cost-combinations implied [Rasmussen, :
“PPe 63 64]0 . < . o . : -
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-never were of any great Importance in other_ farms, a_nd thus the elimina-

tion of the input from the specificatiqn of the production function

seémed a reasonable procedure,

Lo FRODUCTION FUNGTTON ‘EST‘IMATEAS T

In this ‘sec’tion__we will present the estimates of the Cobb-
Douglds production v_'-frunctions for the eiéht enterprises for which we
- have -data, "wéwﬁiil present these instr'mnental7variab1esr.est'imates by
crop across eco'logical' zones;". oo - o . .
Maize, Local varieties of maize are the most widely grown crops in.

;"&'-
Kenya, and’are produced on 341 of the 410 farms in our’ sample. In ‘the*

R

balanced ecological‘"zone (Zone 3) maize tends to be grown on a 1arger S

7 scale, and the bulk of it is marketed while in-the ‘other zones, 1ess ’

suitable——for ~large1-sca1e' "mechanized agricultire, maize 1s grown

o basically fpr consumption purposes 'y with only the surplus marketeéd,

- The results are. shown in Table v-1.
As can be seen fronr the Table, Zones 3 and 5 seem to have
similar production functions as do Zomes 4 and 6, This is due ‘to the
) fact that in both of the latter zones the scale of production is much

*more limited a.nd the average 1abor land ratio is much higher (153

z

' :s__man-dsys/acre for Zones 4 and 6 as opposed to 73 man-days/acre for

Zones 3 and 5). 'I.'hus in Zones 4 and 6 farmers tend to use more labor-

’ in’hg-nsive techniques, while in the other two zones, land-intensive tech-

: niques predominate. Tools ard pur%hased inputs tend to have similar
Al

,."production elast:icities across ecological zones, except in the balanced _
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: S A . TABIE V-1
SRR ' PRODUCTION FUNCTIONS FOR LOCAL MAIZE

3 ' A . o

' Zone 3 Zone & Zone 5 Zome 6
. Land - | .732840% 061345  ,524968% 145665 e
PR + (5,56845) (.415594) (3.62005) (1.55819)
Family Labor - .153251 . ,283874% 087206  .357218% -

(0..970143) = (2.15550) (0 642976) (2 15163)

 Hired Labor . .. .161816 . - .135468  .0234618 144315+
TN (1.42334)  (1.83327) (0.38966) (155109) -

Purchased Inputs - .002335  ,282994% 139455 - 145029
. L (o 04456)  (1.83674) (1.10802), .(1.422102)
Tools . ' .071180  .051447  ,053931%. ,053582%
I (1.33813)  (0.57123) - (2.46481) " (1. 7305%) -

‘Constant .= ..-.--»,,,1.‘05758' . -..,286782"'-0.03'42_68' -1,05133 . SRS

- Returns to-Seale 1118017  .815058  ,828978 845089 .

[ .e7087 . ..1684 . 2968 . 3846

* Number of Farms 78 " 76 109" 78

- ij:e: 'As in all the tables which are to follow, the numbers in paren-
' theses represent the  T-statistic for each parameter estimate,
Starred est:lmates are significant at the 5 percent confidence

level,
“a . - -
*
i -
- N Y
: . .
od - -~
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ecological zone- (Zone 3) where few farms used purchased inputs, s.nd the
elasticity of purchased inputs was essentially zero, .
}1berid Maiz'e. -Hybrid- maize is rapidly being introduced into Kenyan agri-
~culture, although it seems to be currently limited to the . larger-scale '
sﬁi.;ii farms ) which produce maize as a cash crop (this seems to provide
more evidence of our conclusion that risky innovations are more. likely
- to “be undertaken by wealthier ‘farmers, i.e. 3 decreasing absolute risk .
aversi-on). The most important difference between hybrid and’ 1oca1
maize productions ’ is the high elasticity of purchased inputs in the '
production of the former. Hybrid production demands more sophisticated
production techniques, including the use of fertilizers and insecti—

cides, This is another reason’ for the limiting of hybrid maize produc-

. tion to larger farms, since these wealthier farmers are better able. to

provide the case outlays required in hybrid maize production. The es- e

‘ timated production functions for hybrid maize can be found in 'l’able

- Coffee, Coffee is the most important cash crop in Kenya; 132 of our
410 farms are engaged in coffee production, with the coffee grom.ng

farms: spilt almost equally among ecological zones 3, 4, and 5 The

.coffee production function results are shown in Table V-3, The results

Zand

Pl

for ecological zone 3 are rather: disappointing with.very low R
with returns to" scale’ of less than 0. 6 Clearly, there aré some

. problems with__ these est:.mates. Moreover, 'the elasticity of' output with
' ~respect~ to land ‘1ls very low in Zone 3 as compared to the output elas'-:'
ticities of land in both types of maize production, In the other two

o zon.es 3 the importance of labor was clearly emphasized by the high.



' TABLE V-2

HYBRID MAIZE PRODUCTION FUNCTIONS

Zone 3 Zone 5

@

R

Land = $323676% 145590
| (4.55124) (0,435503)

Family Labor - .064170  .171323

(0. 377956) (0, 960717) .

v

Pu-rch.a;sed Inputs «275551% ', 225316%

' (3.211071) (1, 855091)

: . 7 o g R ) ) . 7 * '\1‘,3
_Tools . o 032048 ;151515

I (0.462712) (1. 26402)
Constant . 1.56859 0,691953 &
Returns to Scale '~ 7 0,695535 0,693744
: ‘.

.683.  ,3531 )

Number of Farms 71 . 16
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" TABIE.V-3
COFFEE ‘PRODUCTION FUNCTIONS
* Zone 3 Zone & ' Zone 5
Land .160799°  .177201 .377972
SRt . (1.40099)  (0.777269) - (0, 97351)
Family Labor | .336366%  -;472213% - ,37003
' . ©(3:46771)- - (3:03342) (0, 99959).
Hired -Labor . - 2 060415%  172213%  ,339035%
mu o C(LT7126) | (2.44611)  (2.30585)
" Purchased Tnputs  ,000355  ,247332% 11703 .
D (0,05575)  (3,91021)  (0.490873)
Constant 4.55845  3.82124 3877
Returns to Scale .55758 . '1,068850  1¥204043..
LREL . .3323 L4735 2908
*'-Number of Farms &b



" Escarpment (ecological zone 3); cotton is grown in ioWer_ elevations

elasticities,

%

Purchased inputs were also of some importance, while

073

specification, This is not surprising in that the trees were already

planted, and little use could be found for tools,

to be true for all tree crops.

capital had essentially zero elasticities and was not used in our final

This will turn out

Tea-Pvrethrum-Cotton. The other important crops in our sample are tea,

yrethrmn, and cotton, all of w’ni.ch are limited to speci.fic areas of

the country.

and in the Kis:.i Highlands (ecological zone 4); pyrethrum is also

grown in highland areas, but moétly inm- the Rift Val].ey and on thg Mau

along the coast and ‘Lake Victoria (ecological zone 5).

~

Smallholder tea is grown on the upper slopes of Mt, Kenya

:

*

o

The eé.timalted‘ '

. production functions for these three crops can be found in Table V-4.-.

TABLE V-4 .

TEA, PYR.ETHRUM AND COTTON PRODUCTION FUNCTIONS

Pyrethrum Cotton -
(Zone 43) (Zone 3) " (Zone 5)
Land.. .689502% . 255185 .399953%
(3.72855) ~  (0.874094)  (2.71032) °
‘Family Labor . 316404 . 336758+ . 484360%
. (1. 35835) (1,96214)  (10,4310)
‘Hire\d, Labor —— o 4444148% ==
: (2,82997)
’_por{é‘téii{” 8.19049 3,15198 3.33881
_Returns-to Scale 1,005906 . 1,036091 .872763
‘R%- .6835 .1939 . .9139
Number of Farms 16~ 45 16 ]
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Pyrethrum seems to e.xhiBi‘t a production patterh‘ similar to cof-
fee, in that there are highrelasticities for labor. Tea, on. the other
handhfshas high elasticities of output with respect toiland (not sur-

' prising since the land variablel includes the'large capital input in-
“':}voliredﬁinﬂplanting tea shrubs and ‘allowing them to’ grow--a five yeartm
germination period). (;Jotton also seens to be a lahor intensive crop.
The ranarkable thing.is that none of these cash crops seem to require
large input:s of fertilizers or capital and thus, they are extremely
appropriate cash alternatives for small- scale farmers 1n Kenya, in

areas where climate permits their product:.on.

Dairx Produc'ts. There are. two types of dairy production in Kenﬁ;a--the
first using native breads ‘of cattle we shall’ call unimproved'" the -
second using imported hreads_ (perhaps cross-bred with native .8tock gor )

- hedrtiness_) ;.'t-vhich‘ nve shall call  improved dairy, In our sample h

there wére 100 farms using improved breeds, while 158 were still using

B native cattle. 'l’he former, while much more productive, require many
more inputs of a modern type--feeds, dips, and .the like--and purchased“
inputs would be Iexpected to have higher elasticities than those-'of un-

' ‘.'.mproved ca.ttle. 'Da:iry production is a very land-intensive process 5
and. for the most part herding and milking are left to the children.

One would expect very low elasticities of land and labor for these two ~
enterprises. One would' also expect higher marginal value products for

T ‘cattle-in the case’ of improved vs, unimproved cattle,  As can be seen -

from the results (Table V-5 for unimproved dairy production and Table

: V-G for improved dairy production) our expectations have been born out.
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TABLE V-5

L]

K UNIMPROVED DAIRY PRODUCTION
B - Zone 3“_ _Zome 5 Zone 6 -
Land (215596 ,294103  4971h2%
(1,06080) ~ (0,735521) (2, 57955)
Family Labor, .309918  ,142911  © .073145 ‘=
ST (0.662194) (0.465573)  (0,397572)
Purchased Tmputs  ,038369  .169691% 0060650
- , (0.366116) (1.75813) "~ (0Qs527352)
Cattle .619764% . 270706%  ,239004% _
. (2.79197) (1.91394) - (1.80760) ‘-
Comstant’ ™ -+ * -2,40420 .  2,18407 - "1,50352.. .
© oo Returns to.Scale 118429 ' ,877410 . .869950°
R .5492 .1680 .1679
‘Number -of Farms 37 52 69 ;
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TABLE V76 ' '
TMPROVED DAIRY PRODUCTION FUNCTIONS
) Zone 3 Zone 4
Land CC T L007227  .172214
- © 7 (0.45523)  (1.45513)
Family Labor . .. . . 064303 .-.006661
' o - (0,710991) (0, 988108)
Hired Labor - - ’ . .069859 ‘_ ——
: , (1, 134418)
Purchased Inputs . . 315585% 292241 =
L . (3.450011) (1, 88744)
- Cattle T h40332% 386211%
. oo (2,00933)  -(1,88112) i
~ Constant T - e T#1,22826- . 1,45022
‘Returns to Scale - ~  ,90529 - - .98267 -
S R . '
R 4265 . 3502
Number of Farms . 77 23
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A fuller discussion of the implication of these estimates must await

-the next chapter,

-
IV, THE VARIANCE-COVARIANCE MATRIX: " ESTIMATING TECHNIQUE
- " The decision model presented in Chapter III assumes -tha.t the

+

farmer has apptoxim‘ate knowledge of ‘the moments of the distribution of

~ the randonr variables that effect his economic well-being, the randon

- =
components of. output and price which we have denoted as vy, and 6

respectively, i = 1,.2, e "Ke. This is a case of empirical appro-
ximate risk ,[Manges]. This knowledge presumably comes from observa—
tion of these variables over a period of time, For example, edch

farmet has knowledge of his outputs and inputs into- local maize over ' .
the last twelve years. ‘That- is P he has observed'

K, for t=1, 2, 4.,y 12..

th’ mt’ Amt:’ Hmt:’-~--xmt’ mt
vhere~.. . ~ N
| th = bdtput of maize at time _t; o
:Ifmt = Family Labor input info Maize et time t
Amt = Land Inputs into MMaize at time t .
- Hnt = Hired Labor Inputs into Maize at time t .
Ky = Parchased Inputs into Maize at time t
: K;nt = Capital Inputs ‘into M;izfe at time t

Since in a time seri‘es stud-y of production functions the
Ma.rschak-Andrews description of the economic con;.ent of the residual

has less force (cf Section 1) ’ it is- appropria.te to take least-Squares

reg'ressions of the following forms:
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oy o, O .-
1 2 3 4 Y5 oo
G. 1) Qe = Cp mtAmt t *mt Xt Vat

One can’ then calculate the residuals, Yot = th/th, and have twelve
_‘point’,observations of the distribution of the disturba.nce term, From
-these observations we can get estimat:es of the Variance-covariance
matrix. These variances and covariances of output are the moments that .
-'th_e farmers use in making their decisions. |
Similarly, with respect to the randon conponent of prices; -the
: farners have- observed‘_a time series cf prices for each _crop§ in the
case of coffee this would be: . ‘ .s LT
Pcft )
There are many models» describing the way the’ farmer deals withi,i.‘.'ﬁ‘is in-

1.2, 0, 120 " R

- formation, the most conunonly used of which is. the adJustment expecta-
" tion model of Nerlove [Nerlove, 1958]. We will use a variation of the

,Nerlove model in our. estimatiqn g_f the"disturbances affecting prices,
-L£ the farmer does indeed- behave in such a manner in trying to
vquantify the effects of uncertainty on his income, this does not imme
Vdiately provide us with information enabling us to imitate the farmer. .
7 If we had the same information as. the farmer, we could perform the
- game statistical tesf:s. Unfortunately we have no time series data on
farm level inputs s outputs , and prices. What we do have, as we noted
‘-‘in Chapter IV are district level data on marketed output and price to
' the producer; Our general procedure will be to attempt to extract the .
systematic portion from each of these series, »that' is ‘the changes in - ‘

'output levels . due to changes in prices, changed input usage, new tech--.

nologies, new wage employment opportunities,' ete, If we can do this
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wej‘will be left with the s'é'i of obs‘ervations. on the disturbance term;

-from which we can calculate the variance-covariance matrix,

4
Output Disturbances. In this model we are assuming the follo_wing.

-

output are identical

B ¢)) jtheseﬂdisturbances‘affect output_multiplicativeiy;
and thus, ‘ e

3)" the distirbance; yj, which affects the narketed output of~
'_ the ith crop, at the district 1eve1 is identical to the

disturbance, Yi2 which affects output at the -level o_f the

l"\"

: -‘indiv:.dual farm.

2

ARCUNRAEE o - -

' between improved and unimproved dairy production. In order to determine

Since the disturbances are multiplicative, it makes sense to "’

use a semi-logarithmic model of the follow;\.ng form -

o (5_. 2) 1 qi'-‘=-Q‘+ bt + claP + vy,

* where T e qi: = 't'h_e natural 1og#ithx_n of marketed qutput of ‘the:
, - ith crop T
¢ ostme o~
Pi = Price of the ith commodity ‘

<
[

{= The randon fluctuation of output of the 'ith crop
C g : . " < '

Then, y —q 6 - ) -
i i L '

. There is one problem with such a procedure, The series we

have, nxake no distinction between hybrid and local maize production, or

the riskiness ‘of these enterprises vis-a-vis each other we will take
refuge in our model If the marginal products of labor into hybrid

maize is twice that of labor into local maize, then our theoretical

- 4{

(1) Within a district the; disturbances affecting farm-level

:f.’r'

N
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mo'rlel says that production of hybrid has twice the marginal increment

to risk as does production of local maize, It is not a simple matter

tov"go from this fact to the relative values of the variances of the .

>

. disturbances effecting local maize and hybrid maize respectively, (cf. o

“-'equation 3. 16, p. 43), we shall make the rather hero:Lc assumption, )
'“(probably accurate enough) that the ratio of the variances equals the
ratio of the marginal products. The regression results for the equa—
tions such as (5 2)- can be found- in Appendix II
Prices, . Deriving the variance covariance matrix of the disturbances

) affecting prices is somewhat s:.mpler than deriving that affecting out-. .

. put. This is because district level price-series—,should notﬂ:lziffer

very greatly from farm—gate prices. Using a Nerlov:l.an adJustment model

the regression equations which we shall estimate are’ of the following

) B form: S L L
R R B SR 1S R T R
ﬁhere - 3 : i
H Py, = natural logarithm of the“price of the ith.
- commodity )
_ t - time - .
: ~ . .. v . s, = random disturbance affecting the ith PiFlCe. .

[3 .

As with output, 5 is equally calculated (pi Pit) R a.nd from these

- 'point---estimates 3mthe~variance-covari~ancer matrix-of-the--joint .distribu-. .. .

tion of 8, 8,,.¢es, 8 . Since we have assumed that y; and 6, are in-

.. .dependent, the following equation holds:

-

(5.’4) oij = 'cov.Y'in. + cojlﬁiéj +‘COVYiijOV§iﬁj
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In the next section, ‘we will provide our estimates of 'V, the variance-

covariance matrix of the disturbances affecting the .farmer's income,

3

V. - THE VARIANCE-COVARIANCE MATRIX:

RESULTS

. - The results of the estimation are presented in Tables V-7 to

V-lO While the eStimatidn was done on the district level (sixteen

districts) there was more economic content i presenting the results by

ecological zones, which hawLe been the main sample strata we ‘have been

e

considering. There also seemed little point in presenting separate

estimates for the disturbances affecting price and those affecting out-

.'put, so these results consist of the 913

's as represented by'equéi-tion

(5.4). The units are" percentages- (of. expected- income),

TABLE V-7 -

VARIANCE-COVARIANCE MATRIX FOR ECOLOGICAL 'ZONE THREE,
: BALANCED ECOLOGICAL ZONE
(Normalized deviation- from mean -expected income)

Local

_ Maize
Loca],,Maize . 0.285
Hybrid Maize | 0,382
Coffee ' \ -0, 096
byrethrum T 0,377

_“_];nptoved Dairy -0.‘_1_50

Unimproved Dairy -0,095

Hybrid Coffee
Maize

0,382 -0,096

0.552 -0, 186

-0.186 0.442
0.732 -0,399

-0,293 0,088

'-0,150 0,029

Pyrethrum

0,377
0,732 -

-0, 399
1.345

-0, 265

-0, 088

inlproved
Dairy
-0, 150
-0.293
0..088
-0. 265

. 0,165

0,121

>

Unimproved

Dairy
-0.095
*-0,150
0, 029
-0.088. . .

0.121



TABLE V-8

VARIANCE-COVERIANCE MATRIX FOR ECOLOGICAL ZONE FOUR,
. KIKUYU GRASS ECOLOGICAL ZONE
3 (Normaliged deviation from mean expected income)

082

ché.l‘ © Coffee Tea Improved
. s Maize R . Dairy
- “Local Maize 0024 0,065 "~ 0,799 0,074
" Coffee 0,065 0,526  -0.303 0,032
Tea .. 0.799  -0.303 6._59i -0,171
" Improved Dairy - 0. 674_ 0,032 -0.171 0.165
 TABLE =9 o

VARIANCE COVARIANCE MATRIX FOR ECOLOGICAL ZONE FIVE
STAR GRASS EGOLOGICAL ZONE :

'(Normalized deviations from mean expected income)

- Local”

| Malse

| Local Maize . 0,507

‘Hybrid Maize 0,619

Cotton. | _ -0.‘022
Coffee " 0,012 -

Unimprovéd Dairy 0,046

»

- Hybrid = Cotton

Maize ‘

0,619 20,022
 0:73  -0,035
-0,035  0.419

0,019  0.030

0.073  -0,145

Coffee

_ 0,012

0,019 - .

0, 030

0,120

-0, 005

IS

Unimproved
Dairy

0. 046
. 0.073
-0, 145
-0,005

0,080




TABLE V;10

VARIANCE -~COVARIANCE MATRIX FOR ECOLOGICAL ZONE SIX,
1 MIXED ECOLOGICAL ZONE
(Normalized deviations from mean expected income)

: . Local Unimproved
At : . Maize Dairy

" Llocal Maize B 0. 132 0,115

. Unimproved Dairy 0. _115 . 0. 080

.These tables point out many interesting facts, First, we should

¢

note the large 'values for the variances of income:from any crop (tl}’,{e

_ elements of the main diagonal) thus jus‘tifying once more our assertion

L . - ~ -

that' farming -is a very ‘risky business.". For most crops it seems that ‘

gross. income - (price times marketed output) could vary by as much as
'50 percent from year to year, §econdly, we should note the high levels
and frequent negative signs of the covariances in these tables, a fact

" which suggests that there is considerable opportunity for reducing risk

by producing more than one crop, as most Kenyan farmers do, Thirdly,

we should note that those areas with greatest net income (zones three

-

and four) aﬂlso are areas with high variance of income, which implies

Jthat the bearing of- risk must be compensated for by greater expected

return. These suggestions raised by the variance-covariance estimates

in the above tables, will be delved into more deeply in the next’chapter,

duction functions estimated in Section 11, and discuss the relative

riskiness involved in undertaking any particular agricultural enter-

 prise, - -

>

‘as we test our modei,.evaluate the marginal products implied in the pro- -
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CHAPTER VI
RA?IONALITY AND ECONOMIC EFFICIENCY IN AN UNCERTAIN WORLD
. . . . £ 3
4 . .
' The purpose of this chapter is to investigate the implications

:hnpl'icit in the estimations of the preceding ch'ap'ter.‘ In-,particular,

we ‘are interested in examining the following quest:.ons* (1) What is

the relationship between the marginal value product of an ‘input and

its price" 3N Are the ratios of the marginal products of any pair of

inputs equal in two' alt"ernati'veruses" (3 What fis the’ relationship

between the marginal value product of any input into a given crop and
R

the marginal increment in risk of that: same input? In each of the

. first three sections of “this chapter -we will examine one of thede

questions in order to. determine if our model coincides with the. Kenyan

Clreality, . 0

- N S'"ection. Iis glevotéd to the examination of ‘the marginal value’
products 'deriwed‘ from the esti-mated production functions, More. speci-

fically, we will-discuss the relationship between the marginal value

- product of an input and the 1nput price. As was explained in Chapter

III we would not expect this relationship to be one of equality, ‘how-
e_ver, if marginal value products are consistently greater than prices
(which _as w_e shall see, is true in the case of several inputs), there -

must be some other extra-model considerations which are important.

In Sections II and III we will discuss the questions of economic

efficiency. We will examine the two hypotheses put forward in Chapter
III (pp. 42 43 Yo - The first, which will be the subject of Section II,
v is that economic efficiency implies that the ratio _of the marginal 7

v
.t

>
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products of any two inputs into any pair of crops should be equal The
second which will be tested in Section III is that the marginal
'value product of a glven input 1nto crop i will be greater thang equal
to, or less than the marginal value:productvof that same input into - )
crop'jjjasnthe marginal‘lucrement to risk‘of that idput-into crop ;vis_
greater than, equal to, or less than the marginal increment to risk of
the iupuf iuto crop Eﬁ We willrconclude thehchapter in Section IV hy

Vdiscussing theaimplicatiohffor the ‘evaluation of°farmer'behavior of_the_

results of these tests;

~ ° - SR
‘I, MARGINAL VALUE monucrs AND INPUT- PRICE '

The marginal value products -of‘each of the crops ‘with respect

. to each of the inputs by ecological zone are presented in Table VI-1,

-7 We will andlyze them in the following order:’

- C (1) The relationship between marginal value produce and input
price' and : NS

(2) The marginal value product of any input across crops:

G,
Land. In two of the ecologlcal zones (Zone Three and Zone Four), mar-

"'ginal value products of-land are clearly higher than any. discounted
—

"valuevof.land.A This is probably because prices do not reflect the

: higher quality of this land (Zone Three, because it is a temperate area ¢

suitable'forolarger-scale, ﬁechaniaedvfarming,-and Zone Four, because
1,:1ts altitude permits production of the more profitable cash crops).

In Zones Five and Six, the lower income areas, the price of land seems
" more in line with the average value of the marginal value products of

land (cf Table VI- 2). There are several other_explanations for these

#



TABLE. VI-1
MARGINAL VALUE PRODUCTS BY ECOLOGICAL ZONES
A, Zone Three, Balanced Ecological. Zone

Local Hybrid Coffee 7Pyrethrum Improved Unimproved

‘ Maize Maize Dairy -  Dairy
Land ~ - 157,95 218,73 1555  63.59 4937.1'0_ 7127 -
Family Labor - 0,85 0,56 . 0,26 4095 0,59 0.27
Hired Labor 203, - . 0.3 1548 1218 -
‘Purcha_sed Inputs 1.“ ) 3: 27 3 -- T om- 3.45 A 'O. 28
Capital ~ - o ‘ ‘ - _ . o -
(Tools/cattle) 1,23 ~ 1,89 - - 0.33 0,08
:B, Zone Four, Kikuyu Grass Zone e o
| i’néal Coffée . Tea - Improved
o ;{aize ) Da:h.':y 4"‘--‘
CLamd T g3gs 10L50 363.12 10L61
' Family L‘énbor‘.i e 0.70. 2,13 . 9.86 . L84
Hired Labor ' ; ' 1.87 1,47 e f--
Purchas:ed V Inputs . 7,06 4,30 - 4o 22
Capitgl (qul;/cat;:le? L1130 - - ) 0,60
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Co Zopé, Five, Star Grass Zoxié . N
‘v ‘Local Hybrid . Cotton Coffee Unin—l’;;rdv'e&
' Mai_.ze Maize o - ) Da_.j.ry
Land 7T 39,28 86,09 92,38 110,78 33,64
Family Labor ©0.66 1.04° 0,43 0,84 0. 26
Hired fabot S 020 - - g, - s
Purchased Inputs | 1,07 2, 78 o 1,37 0. 88
‘Capital (Tools/cattle) 0.37 2.5  -- - 0.09
D, Zome Six, Mixed Ec'ologic'a]'.-Zone .
o o . Local ‘ Uniﬁp;:oved )
D .. Maize Dairy Rl
Land | 19251 30,86 ]
_Family Labor o33 . 0,15
".Hiret‘iw_lfa‘b'on o .3,.86 | -->
A ...Purchasea’_Inputé 2,57 1,05
" Capital (Tools/
cattle) 0. 60. 0,48
7 .
: | TBIE VI:2
- 7 | MEAN INPUT PRICES BY ECOLOGICAL ZONE '
Ecological’ Zone - . Net Income. .Price of Land Wage Rate -
.. - (shillings) (sh. /acre) (sh, /man-day)
| ~Zome Three 3479 515 . 250
- }o:: Four - .;9.288 353 2,46
‘ Zone_Fiirel | N 1257 498 - 158
" zons six . 1358 333 311
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- whigh»marginal va‘lue products. First, most tree crops are limited in
" acreage by government licensing practices, or, as is the case in tea,

by the fact that tea production on small farms is still in its infancy

© .. and” is in disequilibrium. Secondly, 1and prices were calculated from

o average values within a sublocation, and no consideration was given to“

the amount of investment in the land 'I‘hirdly, ‘and probably ‘most im-
portant, in a country where land markets are rudimentary at best, land
prices must be accepted with some scepticism. o 7 .
Labor. Except for the extremely profitable crops of pyrethrum in Zone - 7 .»
..... three and tea in-Zone four, ‘both of which may be in disequilibrium, the »
mean .margi-nal value products of family 1abor'are' extre_mely Towe _'mis
is 'not‘surprising,°"f?»forﬁsalithough Kenya., is not‘ai-.labor;esu—rplu"s; .economy.in U

' the same sense that many countries in Southeast Asia might be, there

S . are- few al 'v_'rnative opportunities for* employment off the farm, and- the S

opportunity cost of family labor throughout a cr0p year may be very low. 2

) This presents something of a paradox, since hired labor clearly

has a much higher marginal value product, and since there seem, to be’

few land constraints (at least in some. areas). -Though some of this dif-

ferential between hired and family labor may be due to quality dif-

ferences, the bulk T feel lies in the problem of timing. Hired -labor - - ‘_A'A

oo s ‘i'-

" 1s .used in seasons of great labor demand (planting and harvesting), and

L mw#;v___‘therefore has a much_higher_return._ :In fact,., in: many_cases ,—themar= - R
ginal value product of hired 1abor is greater that the wage “rate,
Purchased Inputs and Capital The' marginal value’ ‘product of purchase’d
inputs is, in almost every case, higher than its price (since we've.

c.

used value units for purchased inputs, the price is one shilling). This LS

-
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e incomes. '. We will return to this point latex; -

is also true for capital except* inf th"e"""‘case of unimproved breeds of .

. T
P

. dairy cat:tle.1 In fact the returns to capital goods are extremely

- “a

high (often on the order of ten times the value of capital services),
RS and this suggests that -one of the key bottlenecks to increasing agri— _-
= - cultura]: production ;among' small farms in Kenya is lack. of credit
availability.r This would take two forms--short-term credit for t:he

R

purchase of inputs used during the crop year (fertilizers B “hired labor,

dips, feeds y etc.) 5 and longer term credit for the purchase of capital_

LY

goods (particularly improved breeds of dairy cattle). . As we mentioned. '
previously (Chapter II pp. 28 29) ’ credit in Kenya has been dispersed
mainly for the purchasing of 1and which while it has :unportant redis-'

tribution effects ,-has ~a negligable impact on increasing agricultural

£ -
o

jWe have argued that one would not expect any- clear relationship i

between the marginal value product of any. input and its price. NeVer-

theless, only family labor seems to be used up to the point where the..

Y

opportunity cost is equal to- the price. Most other inputs Sseem to be

. - under-utilized. This may be ‘due to supply constraints caused by

credit inavailability, ‘or the shortage of hired labor during peék

' seasons. ; On the other hand the underutilization of land may be due to

o o

PRARVA,

(contrary to our specification) the limited substitutability among in-_- .

pucg. = . - e : . A

g

1'I’here 1s another explanation for the over-utilization: of native
_ﬁattle“——cattle—plays*a veryimportant-consumption-role’ in—prestige—'-” e
: and traditions of East African peoples [cf Ottenburg].
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Margih nal Va-lue Products Across Crops. .In Chapter IIIL we derived” the

proposition that if farmers are risk averse, the. margin.al <value products

of any inputs a¢ross crops will _not be equal, but will depend on the
marginal increment to\risk of. each crop. This implies that the rank:.ng ST
. of-the- marginal value products -across crops will be identical for all LT

inputs. ) While .the. data. in '.l‘able Vi—3 are not really appropria.te for

testing this proposition, they should provide -us. with some indication
"~ of whether or not -our e.xpectat:.ons are fulfilled. That is, . we should

expect the ra.nking of coffee marginal value products to be- thev same” for

. labor as it is ‘for land, ~ o ', S CL _—
. - ) g "’f"_'_- Lo
_These. rankings aré given’in Table VI-3 below, = .. #®
B v 7 VI3 S

RANKINGS OF MARGINAL VALUE PRODUCTS BY CROP
: g BY ECOLOGICAL ZONE ’ . e e

A. Zone Three, Balanced Ecological Zone

Local Hybr:.d Coffee Pyrethrum Improved Unimproved

g ) Maize Maize - o Dairy. - Dairy
- Lan‘d e 1 e 5 3 4
_ - Family Labor R T 3 © 5
Hired Labor _"':_' SRS G B TP g
Purchased Inputs . T & E ‘.2 L - | 3 ‘ 5 .
‘ Capital S .. - 3 2 e .. 4 . 5 S
e GoeEEte g e e e S

Variation 0.3 0.2 0,0 0,8 0.2.. 0,1

S = ? The appropr:.ate samples Tor testing this proposition ‘are farms
S with ddentical cropping patterns. This is because risk is"a property of
a port-folio, rather ‘than d particular crop, Accordingly, we will test
‘ this proposz.tion in Section IIT of this Chapter.

K
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TABLE VI-3 continued _

- ‘Bs Zome Foui', Kikuyu Grass, Zone

- o }_:'
T fand '
- - —Family' Labor L
7 - Hired Labor i
?‘;‘rcha's’e;i ‘Tnpists

Capital - n.

Coefficient of--
- Variation ..

~

Iocal Coffee Ie,al\, . Improved
Maize

Dairy - -,

”0.4

0,2

. 002
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C." .Zone Five, Star Grass Zone

LN

Local  Hybrid - Cotton Coffee - Unimproved
© . 7..Maize  Maize - oo

«Dairy .~ .

Bited Labor ~ 4 [ - - 2 _— .
Purchased Tnputs s 1 - 2 5
’ngffik:.ien_t.:t of | . - . )
) Variation R 01 . 0,5 0.3 0,2 0,0
\ A P LT
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TABLE VI-3 continued

D, Zone Six, Mixed Ecological Zone -

L . +.  'local  Unimproved .
T Maize Dairy . 3
end 2
FamilyLabor -~ 1 - 2
.‘ Hired Léoor ,. “ ) - 1 .- S '
) Purchased Inputs_ B 1 o 2 "'_
Capita‘l, St e 1: s 2

Coefficient of - - L .
Variation o 0.3 0.2

'.'While' these results 'Ere’no't_conipl_etely 's.etisfa:ctory_,- they are consis- -

Vtent enough to indicate the ordering of'crops on- the baéis of the mar-

-‘.“-»---ginal value product. In only three of the seventeen caseés was the

e coefficient of variation grea.ter than 0 3 and in only one- case was it

greater than 0,5, 'I’he failure of the production function results to

provide' a consistent_: ranking across-all inputs can be ascribed to the o

various” constraints whlch limit the farmer s ability to freely allo-

S

cate resources in the short-run.

- LN .

IL ' ECONOMIC EFFICIENCY

'Wé'iiaire. argued' that the only profit-maximizing test of economic .

'~efficiency that holds in our model is that the ratios of the marginal
: '.."...products of. any two factors into a, given crop, i, should be equal to

- the- ratio of the marginal products of those same two factors into any

.2

" other crop j. In order to test this proposition our sample was divided

e ! L3

v ) * : ! -
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into eighteen subsamples representing -aifferent“'e'repping-.patterns. For

ex}sniple, all farms in.Zone three producing maize,-coffee, and improved
"4 ' ’ ' ’ ‘
dairy, and nothing.else, were separated into a subsample and tested for

the equality of any pair of ratios of ﬁaré'inal"produCt. In particular,

we chose those factors over which the farmer had some freedom of allo-

cation--land/ fa.mily labor for those crops which were not permanent'

-

family labor/hired and family labor/purchased were otherwise appropriate.

These ratios were then tested by means of paired t tests to see
if the sample means- of any pair of ratios were significantly different
from -each other._ The results are presented in Table VI—4 Although

‘interpretation of these results involVes some degree of subjectivity,

e

it seenls fair to state that farmers in] Kenya are relatively efficient

:Ln their allocation of resources among crops.

- TABLE VI-4
. RESULTS OF TEST.OF ECONOMIC EFFICIENCY

Number of t-tests in which “Number of t-tests for

Input Pair‘ sample means of ratio pairs whick sample means
- - - were not significantly (5‘7) were significantly
different - different ‘-
Land/Family Labor ' 25 4
Family Labor/l’urchased Inputs 13 3 '
: '-"Fa’mily Labor/'Hired/L'abor Y6 S . 0
. Total. = - ‘ 44 _ -7

Percentage of 'J.‘otal ) - 86,3% . ‘ 13,7%



v

0 9%

IIL - RISK AND ECONOMIC EFFICIENGY
. | Thus far we have found the following:
".'3(1) Farmers are constrained in their total us'age of modern
' factors (such as hired la'bor, purchased inputs ’ and modern
'forms of capital), ‘ 7 '
2) Farmers are efficient in their allocation of resources
’ ,amoné crops. |
It is also obvious from Tab& VI-l that the marginal value pro-.
duct of .any input in each of its uses are not equal “In Chapter III
we predicted this phenomenon, explaining it by means of our model of
farmer behavior under conditions of uncértainty. We argued that the
higher the marginal value product ‘the higher the marg:.nal 1ncrement to
risk and conversely. 'I.‘o test this proposition, let us examine the
samlersubsamples that we used’ in examining allocative efficiency, 'l‘here
“Tare eighteen of these sub- samples of identical cropping patterns;.of
these,-nine groups grow only two crops, another six grow three crops,
and’ three grow four different crops. Altogether this means that there
-are 45 poss:.ble pairings of crops, of these forty-five pairings
thirty-nine exhibited behavior consonant with our mo'del e, the '
crop with the. higher marginal value product also had the higher mar-»
ginal increment to- risk These results are shown in Table VI-5,

Thus, it is clear that risk—avers:.on plays a very important

role in farmer behavior, farmers are willing to grow high risk crops
' only if they get a higher payoff in expected return,- Moreover, risk
aversion may help explain why farmers are interested in multi-cropping

(assuming no joint production). By producing a mutual fund.of crops
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TABLE ‘VI-5 ‘ '
) RESULTS OF TESTS OF RISK AVERSION AND ECONOMIC EFFICIENCY
? : Number *of crops Marginal Value Product Ranked Identicaily'
. grown in sub-sample . to Margipal Increment to Rigk ?

' I | g T
3. o 16 - 2

*Total N - -"' L - 39 . - 6 .

. _ Percentage of Total. - 86.7% o 13, 3%

- - L 93X

they can get the same range of expected return at lower 1evels of risk

as they would ‘if they. only grew one’ crop at a much higher risk leyel ‘ .
[Tobin, 1965] el ‘ f
IV. CONCLUSIONS
| " In Chapter’III‘ we fpresented a model df farmerfbehavior under |
condi‘t'ions of uncertainty. In Cha.pter v we described the” data set
which ‘we. would use to test this model, - The results of the estimati_.on
’ pro_cedure were def:ailed in Chapter V. But these results provided little
information, “dn their rav form, on the validity of the model In point
of fact, had the tests which ve performed in the’ present chapter not
’validated ‘the model, we would not have known whether the model was

74‘>misspecified the estimation procedure :z.ncorrect .or the data false.

',Fortunately, the tests we have performed indicated that our model does

3

- fpro,v_ideian_ accurate representation of farmeér behavior.
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- Certainly, we were justified in our éssmptions that farmers

: o H
were both rational and risk-averse, Moreover, we showed, that if far- -
mers ire risk-averse, traditional tests of rational behavior a'_nd

" - economic efficiency using profit-maximizing models, ask the wrong -

q&éétidﬁé.' " One should ot e.xpect';- risli-avé:se' farmers -to, equate the
marginal value product of an input to its "price.

The only question of inéfficiency.faised by our study relates

‘to the under-utilization of total resource use, and thi:é seems easily

explained by factor scarcity d}ie to under.-de_velopec_l_' factor-markets,

Having tested the propos'itions"dei:ived from our model, we are :.;eady to”

‘return to the problem raised at the beginning of this study--thecal-

3c_u1a£i‘qn of short-rin supply glaétiqiti'es.f This will be - the subjeét of

the final .ch’aptef.

T

LU
-

—



J

CHAPTER VII B

e _ CONCLUSIONS

'l‘his, the concluding chapter, is actually comprised of two »' . NS

‘parts' the first half deals with the calculation of the farmer s
' supply response to price under conditions of uncertainty, the second B
Ahalf summarizes our findings and suggests area. for further research.

In Section I we derive and analyze the results of our calcula-‘r_.

tions of price response. In particular, we show that the presence of

- c A

risk makes negative supply elasticities for a given crop explicable,

‘e

’ although price increases should lead to a positive change in. total agr:L-
: cultural output. We then present the results of our calculations.f In
,;:Section II we summarize .the study, outlining the four major conclusiog}s . o

iipointed .out hy our results wit}L reference to' farmer behavior in Kenya.

) ,;The policy implications of our study, with particular reference to - ,‘"'

pricing policy, the social assumption of private risk and. the improve -

o clude this chapter w:.th suggestions for further research.

L T};E:SUBPLy.REsiéONSE 10 PRICE ‘OF KENYAN FARMERS

We have assumed that farmers are both risk averse and efficient

T g in th ir allocation of scarce resources. What do these assumptions im- Tt

¥
ply about short-run price response elasticities? We have described in

Chapter III the method which we will employ in calculating these elas-
‘ticities 3 »but it might be well to briefly review the pracedure and the -

'fimplications of these short-run elasticities. Yoo s
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“The _e:épected utility maximization conditions represented by
‘equation 3,15 (p, 42) demonstrate that the farmer chooses that alloca-

tion of’resources which equates the marginal'utility of the additional .

" utility-of the additional’ risk incurred by such an increase, Thus, any

farmer who is economically ratiomal in his allocation of resources s
will, upon”a change in the exogenous price wector, shift his resource

" mix in such _a_jra‘ﬁ-é.sf to.maintain this halance (e;{éiﬁding the costs of

. sﬁch,'a; ,shif‘t)‘._l;»‘vsfnc‘é ':wé,‘farér_dea_lipg with the relatively short-run

(crop year) diifing which the sébi:é for resource ‘shifts is s'everef!.yAT
RN . . i " ' e - . 5

limited, we would not expect these supply elasticitieés to. be a;;tywhiére;

e near as large as the long-run elasticities generagiiy‘eétmhpéd w0

price-response studies, ‘ et T “ .

—_

- ThHe way in which he shifts his resourcés is epresanted-by_

| '_ . ’f equation 3.22(P.45) ;ms——&;;;ved b?_..FOt;aJ-lY_, dif_fer'entiqtin'g" t_;he '
e 'f_i.rstforder. con&itions.— We. have a]_.rea’dy stated that we do not expect. - -
the mag_n_irtudé df ‘tl»u;.se ;shiéts to be very largé, but we hafre:‘ a};: yet,
N éaid'nothing .abo,qt tﬁe‘"signs. ‘The u‘tility function which we’.have-

chosen, the semi-logarithmic Bermoulli function, exhibits the property

s qf' déc;:'eaéi.r}g ‘absolute risk aver‘sion.]"_ Thus, as expected income

N

: e IThe'aséumption of the semi-logarithmic form for the farmer's ' 7
utility function has not been essential up to this point, In other
_words, none of the results which we have derived so . far depend. upon any
specific formulation for the utility function. While we can praovide
no ‘evidence concerning -the specific semi-logarithmic form for the
utility function, there is a good deal of inferential evidence that -
© .. the function must exhibit. decreasing absolute risk aversion, i,e.,, that
tVe_gl'tt)xier farmers -are willing to take on more. risk (cf., for example,
Cpe 68)e T T ' . ’

© Y.

‘in'come -genefat;ed by increasing ar.ly- inputulevel to the marginal dis- .
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- incregses;. the farmer should be more willing to .ta.ke on risk in order
) __to ensure greater‘expected return, In ;ouevmat more'-fe:miliar‘ terms;
the :anon}e effect of a change in a given output- price is’ positi.ve,
leading to iucreased production of the’ g:wen output., However, the in.-- .
crease :er any output price may 1.ncrease risk by more than it increases -
expected return. Thus ’ there is no a priori statement we can make con-
‘cernmg_ the” s_lgn of the eubst_itut_ion effect, and it is therefore mot
at all clear thét"a:u‘increase in the price of any couunodity will have
a‘.;;ositige supply e.ia_»_s.tiéi-ty. 'l‘his .is illustrated. in the two commodity ° h
case 'in figure 7.1 where ABC represents the orilgir;a'l opportunity .
&

locus after an increase 1n the price of. the risk:.er asset and Il 12,

and 13 are 1nd1fference curves of the semi- logarithmic utih.ty function.

Fig, VII,1,  The Effect of a Price Increase on Input Choice“

ISIZ/I‘ ) /

re ~
<

o
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Points C and C' represent the combination ‘of risk and expected return
which pertain if only the risky crop is grown. Points B and B' are
. the equilibrium positions before and after a price rise, respectively.

~”: The proportion of expected return produced by the risky ‘crop before R

', ‘and’ after the price shift is” represented by the fraction (l-x)/AC and

o ‘(l-x---)/A'C'- : Whether or not this proportion increases depends on’ the N
N e 2o e

’ shape of the opportunity -1ocus 5 which in turn depends ‘on the particular '

T parameters of the production functions and the variance covariance -

-

behavior, although both total risk and total expected return will ri‘se T

i;T.
with an increase in an output price. The results of- the price response

I, - SUMMARY - f A o

It might be well at this point to review some of the major )

findings of this study. In Chapter I we set out the’ following questions »

to be answered’ What effect does risk have on farmex behavior'l Are
farmers efficient in their allocation of scarce resources? What a.re‘
the bottlenecks that limit agricultural production? How responsive‘ are

farmers to changes in the price vector" -

We t‘hen, in Chapter II, presented a description of agriculture' :
in Kenya, in order to, first, provide a general statement of the impor- .

tance of: agriculture within the Kenyan economy, and, second, identify

. nl_ those* ecological and 1nstitutiona1 constramts which influence farmer

“behavior. Thus we exammed albeit briefly, the great Spatial and tem-

>

poral variety of climatic conditi\ons R and suggested that the ‘seasonal’

e T L " . e e
: I




TABLE VII-1 . - - -

MEAN ELASTICITY OF OUTPUT WITH RESPECT TO OUTPUT PRICES

A. Balanced Ecological*Zone, Zone Three

'ff R o *"Maize Coffee 'Pyrethi:um A Mi_lk )

} In il % “\ | : f»"

‘Family Labor -0,6717  -0,01s6, -o 0555 0,0230
‘Hired Labor = - + - 0,0914 -0,0353 - o. 0198'  o.1ak6 .
izgrcriaséd Tnputs . "-o 0033” -0.0034 Coo0 00{1:2'.' - 9.012;5 e
i o 5 o : = /
- Local Maize . 0,038l - 0,0518  -0,0380  ~0,0764
ﬁybrid Maize . 70,0611~ 01106 -0,0416 10,1070 7

coffee T 0,0844 -0,0062 ~ -0,0008 = -0,0286 .

'Pyrethnm 3’“‘ (070039 0.0004 " o,1782" 0,000 -
‘Improved Dairy 0, 1124',_-'-.0.,0903_ .. =0,0024 ' 0,1211 . - -
\Unimproved Dairy *-0,0881  -0,0065 -0,0692 - 10,1944

E had -
- »
s w
<,
- . v
P R -
- z lw
T
- . -
- N




W e e el T o
. g S s e .- . _,AV,___v_::___A .. ,,__,A_.:‘.- .._102AA S

=¥’ TABLE VII-1 continued -
- B. Kikuyu Grass Zone, Zone Four . R N
: : . . . i 4
Price o
Maize Coffee . Tea Milk

. Family Labor  __  0,0035 -0,0149 - 0,0118° 0,223

| Hired Labor - 0,0051  -0,0015 . - 0,001l ..0,3112 ¢
‘Purchagpd Tnpits. < -0,0306  0,2303  -0,1115 -0,08L4

.Qutputs ” i R '-”__'7_” T O * o

- Local Maize | . 0,02010.-0,0517 . -0,0019- -0,2231

 Coffee - . 0,0300 0,134 . 0,0211 “=0,0199
Tea. 0,0561 0, 0404 0.2245 . -0, 0466

| Improved Dairy ~ -0,0144 T -0,0771  -0,1023 0.4432

- -G, Star.Grass Zone, Zome Five.... .

o o Maize Cott:on Coffee Milk
~ Family Léb_,é:. e 040654  0,1345 10,0234 0.0055 ,

'Bived Labor ' 0,1432 -0,0583 - - 0,0662 -0,0572 -

. Purchased Inputs 0,0237 -0,0249 --:-0,0437  0,0002.
S« Dutp uts . ' - o

L_pcalwl}ffé}z.e‘  0.4672 0, 0455 00234 -0,0335
.‘,I.Iyrl;‘;licjl.rl-ﬁa;izg 5287 00722 0.0511 -0,0722

: '.thto‘n‘. . - 0.6635 0, 0712 0.0008 0,000 -

o C°ffee i -0.1335 -:0,0004 . 0,0237 <0,0187 |
e Un:!mproved Daity -0, 0445 .0,0000 '_,-o."117$:_- 0. 2213
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TABLE VII-1 continued & . R

...........

D, Mixed Ecological Zome, Zome Six -

. " Price .
' Maize- Milk -
Famil}: lebor . 0.2213 0,148 i D
Hired I.abor . - 0, 0788 "0- 0095 )
_ _Purchased Inputs - -~ 0, 0922 -0, 0044
Outputsl o FV - |

Local Maize | 0.1543 T-0,0085.

" Untmproved Dairy -0.0009  0.078% . ..

o N ~_ -
-

variation made agricultural production very r:.sky, and t:hat, consequently,

t
it would be inappropriate to: examine farmer behav:.or w:.thout cons:.dering .
1

the importance of risk, “ e e Lo é

- While the natural world imposes an additional- problem upon the
farmer, the social (inst:.tutional) world limits his’ opportunities for
achieving an optimal solution. In particular, neither product not’ fac-

tor marl;ets work” ef-ficiently. There are, for example, two prices for’

-

maizee-a buying and’ selling price. The existence of this.dual price

‘ system increases risk to the farmer and causes a host of non-commercial

In addition to the dual price system for maize, there are also
‘acreage restrictions in the planting of coffee- and pyrethrum; ineffi-
cient capital markets that limit the farmer 8 ability to purchase

modern inputS' and tribal Jprejudices that 1limit - the supply.of hired

o N
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. N s .
labor, All of thes’e market imperfections act as constraints on the_

farmer s allocations of resources, and should be: explicitly presented
in any modef of farmer behavior in Kenya,

In_the analytical section, Chapter III, we tna;ced out the im-
plications '&f‘a‘ ‘neoclassical model of farmer behavior in Kenya under

-

conditions ‘of uncerta:.nty. We showed that maximizing expected utility
asgzvalent (under the assumption that the distribution of the random~ A
variabl

, income, was normal) to maximizing a modified. 'utility function

N

with two arguments-—expe'cted return and the variance of income, -

Using this mean-variance fiamework we derived the behavioral
response to price of farmers acting according to the model, and put - =

forward two testable hypotheses' - ‘, R ,' T .. R

(1) A farmer will have no reason to equate the marginal value
| o 'prod_uc_t of any input to-the inpit's price,. and consequently, -
will not eguate,tlie»marg'inal'value' product_s of any ‘input in
each ofjtwo uses, = Thus, using tlie equation,of marginal_ N

" value 'product Vand' input price as a criterion for eooriomic
efficiency is invalid, for it is founded on the assumption

.~ -that "risk," the variance of income, plays mo part in the -

farmer.'_s calcuiation. “If "risk" is indeed important in the

-

i

X 7. farmer's calculations, then one would expect that the mar-
ginal value products of all inputs into the high riak/high'
" return crop would be systematicaily higher than the mar-

ginal value products of the low risk/low return crops,
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(2) * ‘The ratio of the marginal products of any two inputs in any
pair of uses will in fact, be equal to the price ratio of
3 the inputs, and equal to each other,

We then proceeded Ito estimate the important parts of the model-- B

\w

the variance_ covariance matrix, and the -cross- sectional Cobb- Douglas

production functions for eight enterprises»across. four ecological zones,

The data set which we used was the Small Farm Sample Costs Survey, ad-

ministered by the Kenyan Government which contained observations on -
inputs and outputs for a nation-wide sample of 1351 farms, Analysis of

the marginal value products of these seventeen production functions led
to the following set’ of conclnsionS' o

.
*

they werer able 'to use by imperfections in factor markets.
- . . S 1
S - (2) Fgrme_rs were efficient in -their allocation of resources
. N A )
- across Crops, -

3 Farmers were risk averse -and tended to employ fewer re- .
‘sources’ in high return/high-risk crops than would be. pre-

v dicted by profit maximization theory,

.

' (4) "§h_ort-run elasticities of output with respect to outpurt" '

T prices were higher than expected though some turned out

" to be negative.

III. POLICY IMPLICATIONS
In many ways the present poliey is more suggestive than conclu-

' sive, but several of our resxilts have important implications for govern-

Y

mental policy toward smallholder agriculture. While these implications

(1) Farmers were constrained 1n the .total quantity of resources” -
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" can be divided into que_s_tions of risk, marketing institutions, and .-

pricing policy, all of these categories are intimately related to each

," P L .
other, .

There can be no doubt that the presence of risk leads farmers t o. __-

make ‘decisions which are not efficient from a. social point of v:.ew,

-

though they very well may be efficient: from the farmer's own perspective.
This is true since (1) the society should be mlling to -assume higher

risk in order to obtain higher rates of return (decreasing absolute risk

: aversion) 5 and- (2)-the -economy is able to pool disturbances geograph:.- .

cally, thus effectively Jreducmg total social rlsk " Thus , in theory ‘at
least, the government should be w111ing to take on the, farmer s risllz
through some method of guaranteeing minimal expected return. Practi- -
cally, although this policy was used with great effect -in the large, -

farm sector during the pre-war period the problems of administer:.ng

’ such a program throughout the entire small farm sector would be monu.men-

~tal [Ghai and McAuslan], . -

!

'S,'till, there are many ﬁays in which the government can act so as . -

- to reduce risk for the farmer, For example, the .reductién of-the gap

o

between the buying -and "selling:?rice of tEaize would be _of immeasurable
si"gnificzanc,e," u; it ‘were_coupled.-with the assurance that maize supplies -
would be available ‘in casie of shortages, - Ahy set of 'policieszthat' would
act to shift maize toward the category of cash crop » coupled with more

risk, gould doubtless lead to the farmer s engagiug in choices that -

would increase e}fpected return.

-t



- . © 107

In‘s‘no'rt, then, the Prdb’léms of pricing policy, and risk, as well

‘as those caused by a shortage' Bf”cr'v”edit‘f?' imply that great efforts must

be: made to _improve factor markets, .. This is especially true for capital

. markets where 1ncreased cap:.tal availability would decrease risk to. the

farmer, aliaw increased use of modern inputs s encourage a shift in

technique from trad1tiona1 crops such as local Yiaize to hybrid maize,

" and thus generate increased wage employment in agricultura]. areas,

T

© . The present study -has many defects. Some of these are due tos

defici_encies in tlie -data set, which -have ‘already been note,d‘.‘ 'Others-

€L . R . &

are due to lack of data, partic'ularly‘times'—series ’nicr'o-lrevel‘ infcrma—

tion, which prohibited study of the more. interesting long-run supply

‘- vresponse. Still others are due to s:unplifications in the model and es~-

-timating "tec,hni_ques necess_i,tat_ed by our own time constraints. Neverthe-‘

iess, what we have learned should encourage further research along

these lines , for it is only by learning how farmers do, in fact behave,

that the economist can offer suggestions that will hélp develop the

govermment policy set ‘which will éncourage the deirelop'ment. of the rural

" sector, y Y.

v -
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S APPENDIX I

e

R S S

TIME SER]ES. OF PRICE AND MARKETED OUTEUT FOR. SMALIL F e
' =~ ‘ ]

e I BY DISTRICT

- L. KISII DISTRICT" ,

7 . ' . T o
® Price’of . Output of ' ) _ - Marketed Output
Tea " - Tea ‘Output of Coffee of Maize

- _(sh/1b.) (Ibs) .+ ('000's of Tons) ('000's of Bags)
1957 — - Tt 59,05 o
1958 - CLome e 469,41 R
1959 R . 610,74 .- 69032
1960 -—- -- _ . 975,67 22223
1961 .42 - 225186 - 1136, 62 _ 30917
1962 vhh 535709 : 704,54 - 19584
1963 4T '807388 . 2023,81 ~  © 5839
1964 = .48 . 1863473 . 1722,39 20839 ”
1985 .48 - 2994510 - "3423,53 . 81106 -
© 1966 .49 o 2654488 < 1660,42 . 40586 -
1967 .415 - 5627855-.- 3213.43 w7 16463 .. .-
1968 . .43 7968143 .7 2668,75 " 188202 -

1969 J&7 " 9826568 1908,45 - - . 134862

A

- II, ~BUNGOMA DISTRICT

1957 ‘ T _ . 100,37

1958 . ; _ . 148,08 -

1959 : : 282,19 266247 °

1960 - 445,40 249372

1961 S 515,10 188940

1962 . : o 616. 00 246506 -

1963 ‘ 637.-97 . 106130 -

1964 _ y . 365,54 171815 -
© 1965 o . 433,06 292108

1966 . = .. 484, 81 © 464228

1967. - 7 . 156,79 689288

1968 - - 597,61 533608

.1969 o ‘ ’ 3035, 76. - 412841



1962
1963.

1964
1965

1966

1967
1968

1969

1957

. 1958

1959

71960 -

1961
1962
1963
1964
1965
1966
1967

1968 -

. 1969

N 4109

IIY, BUSTA DISTRICT

<>

Marketed Output of Maize Coffee Qutput ~
('000'5 of Bags) . . £'000's of Tons)

27867 .

22§15/ : s
5929 _ , '
" 3052 g
C17674 ‘
18607
43761 . . . . :
63919 - o S
19646 ' : -
2662

AR

IV. STAYA AND KISUMU DISTRICTS.

.09
. _ .03
10251 .04
7927 . 0
4624 . .60
6487 o 16.77
2306 2,22
3258 - 25,67
29176 12,08
- 33 : 501 :
= 7002 : - 19,9 -
T 3136 - 11,42

0 e 8,02

-
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‘ ’ ' Sy -
V. NANDI DISTRICE
t; Price of ’ o Marketed Maize
Tea Output . Tea Output of Coffee " Output
(1bs) (sh/1b.) ('000's of Toms) ('000's of Bags)
1959 e - .39 66099 T ..
1960 - - -: - ' , 1,74 . 53168
1961 14332 . .45 . 1.60 ‘ 31202
1962 61150 L46: _ 6. 08" 35093 -
1963 . 100416, L47 - .9.98 . 10965 _
1964 21129 .48 24,26 . 13885 e
1965 532861  .,48 30,73 - . 121870
1966 580645 T . .49. - 26, 90 < 193861
1967 - 2465665 Y .. 10,84 . 151976
1968 2419926 . ¢ 43 - 10,08 . 217475
1969 4410167 45 4. 9% e 114663
VI. TAITA DISTRICT . --. .- .
. 1957 . L. - ’ -~ 15,62 - -
..1958 . . ; 24,44 -
1959 . "32,36 . -
1960° - o 760,00 -
1961 : 65, 90 e
1962 . - ‘ 87. 80 : e
1963 . v 119. 95 --
1964 . ' 96,57 ° -
. 1965 . T 86,73 . 3718
1966 e o 70,31 e 50
1967 . 62,15 : - ‘
1968 - R - 32,07 C e,
.1969 L 36,51 ®.- o s



e Do+ L_(bs)

- Tea Output’

b

... Vii, KER;CHD.DISTRICT

Price of

Tea ’ Ouﬁput»of Coffee
(1000's of Tons)

Marketed Maize
Output

”
.

~1959 N

1960~———"F% .
1961~ ==560142 -
1962 " 545057
1963 818295

(sh/1lb.)

e T 1,600
w437 0 AT
A7, L 9,59

““%t—f?ff19s¢~——~167626u

1965- 2576294

~ 1966 2702252
- 1967 5443027

1968 6723666
- 1969 10156598

1959

- 1960 . o fﬁl

1962
1963

g5 i

.. 1966
1967
© 1968
e 1969

75398,
.f T 270950
. 545492
T 1149384

T 1422312
. 3784767

Y- T
- 1974666 -

L 2641125
4326292 -

48 L U16413
1 ' 5,69
'/ R 14,96
Jbh s 16,07
.49 T T.52

. VIIL, NYANDARUA DISTRICT. :

. ~IX, KIAMBU DISTRICT

Clee T 10.31

- 79.50
-- - 199,00

Leh2 L. - 419,37

49 451.63
.50 853, 87
: . .1268,71
"453 1740, 09
.54 3558, 86
WA2 T 2942,16
41 . 718,04

o453 7 3089,56
. ' . =

<48 7Bl

(*000's of Bags)

10217
6985

Rt

3295 ¢ L.

.. 21690.
o597

o .'- 9[}“6*6‘_ e
28995~

40251 .
57744
. 161536 -
- 17450

9456
4322

54724
44602
34107
©-39759
75992
5428

11904

33606 . .

1771 -
1909
2290 -
17145

T12596 ¢ ¢

- 4281
& - 58109
230

. 0332

247.

~60932-- * -



1957 -
. . 1958
" . 1959
- 1960
1961
1962
1963
1964 .

1965
1966

1967

1968

. 1969

")

X, EMBU DISTRICT

“

LR C L1112

S

- 15437400

45

2. Pr‘%ce of - Marketed Maize
Tea Output Tea Outpdt of Coffee - ~ ' '~ Output
-+ (1bs) (sh/1b,) ('000's of Toms)’ ('000's -of Bags)
- 386,57 - .
- 823,61 -
TITIRAS s 1101,93 3981
T e- * 1945, 04 499
S 2051,17 ~ 26414
3170, ] . 2501, 58 26806 T
18541 1318, 99 e 6395 | '
.. 47935 917.49 5444
308562 .. 1441, 83" - 16945
- '277476 - 2347,65 - 3506
1158398 - 1837, 44 9068
- . 137004 137134 - '9345
1637067 - 1667.14 « - - 997— -
T G
XTI,  KILIFI -DISTRICT
3786
187481
- ) . 711478
< . 23240
»- 230, -
" 88906
e 645835
199 -
54
\ o 93 -
XII, NYERI DISTRICT
. T fe- 252 32 -
N -- 291, 32 1404
R -- . 588,66 162
1459900 <48 449,.26 . 3767
1946400-. . . /56 941,20 2185
©°2228300° - .50 . * 1063.12 152
3887800 o 54 1182, 60 3272
4640500 .53 2343,48 20480
4073600 -~ --,54 - 3817, 07 1213
12792700 = 42 2223, 59 14062
"415789700 <4l . 2936, 78 339
3462, 06‘“ 64



1959
1960
1961 -
1962
:..1963

1964

1965
1966
1967
1968
1969

1957
1958
1959,

21960. .
1961 .
1962
1963

. 194

+.71965

1966
1967
-31958,

1969

. o .. oll3 |
. . XIXT.. MURANG,',‘A, DISTRICT o T
- ) Price of " - - Marketed Maize
Tea OQutput = Tea Output of Coffee . Output
4 - (1bs) (sh/1b.) ('000's of Tons). . ('000's of Bags)
-~ -- - 179,51 - " o
- 362,36 - ; 6992 |
podw o _ 652",87 - e 8084 s e T
.48 ) : 701,20 - . . 20414 . :
24000‘?‘< . .56 - 840,00 -..50974 ;. -
TTT94B00 "."‘50~ .- 17004 50 ‘ = 24050-.-..
333600 o5& - .. '1683.22.. 11914
. 1043700 - .53, 3652, 34 . 117306
1030600, - . .54 .. 4509,-52 A 154
. 28912000 . .42 T . -01549,00 T 9248
3784700 " Y 3714.20 ' 1674
.. 4563200 w42 -+ - 4069, 84 - . 13
"XIV, - KTRINYGA DISTRICT - » AR
- <ome - R T - 7376 R
-- s R T T 750 T
.- -- -— . 43056
983878 .0 .56 . " - - T - 40928 .
12212720 U500 . 9602
1907638 = - .54 ; 8416
..-2482307 " 53 R o , 31358
1999249 . % 54 7 4324,60 - . 24153--
. 5257793 .45 1/2 2574, 34 T 72879
. 6165182 L& 2269,43 o 42991 -
. 8185335 .52 .1714,59 _ - 4929 _
XV, MERU DISTRICT
-= -=- ] 973,05 | C L es T
T - -- - - . 158603 - S -
+ == -- © 1604, 68 95734
- - N 2397, 62 90174
S Cw= T 2392,51 - - . 53379
43407 Se36 . . 3752, 58 76637
147857 «50 © . 4278,35" - 53260-
. 455529 « 54 .- 391,82 . 62862
. 698172 ¢33 6230,31 - - 63498
1353169 54 B 5539, 16 35690
« 3800062 W47 1/2 ..6351,16 © . 35832 -
4363742 .50 : 5200, 65 34024 - ¢
6422379

——51.1/2 7673,50 81893

-
Lo,
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~ SOURCES-
i ‘ Colun;,ns one and two: - The Kenya Tea Development Authority,
e )Column three: The Coffee Marketing Board of Kenya
’ o Column-four: The Maize and Prodtié'é”Board
>
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o SMATL FARM COUNTRY-LEVEL DATA :
Price of ° Output of  Price of ‘Output of ‘Output of ,

/--n Coffee , Pyrethrum Pyrethrum . .Cotton - _ " Milk . ’
1959 —39;93 0.6 - 180,10 .* 10,0 o —- - e
1960 - 35,84 1.8 T 186,69 - 11,0 C .-

1961 33.54 2,8 155,59 9.0 e -

1962, 33,88 2,7 . 126,68 5.3 - \=

1963 29,03 - . 1,8 129,03 8.7 - -953

1964. . 35.56 . 2,2 144, 86 10.8 1456

1965  33.89, ., . 3.3 172.22- 12,2 - 1160

1966 33.26 - 6.8 .7 7 172,22 - 13,1 1451

1967 ., 29,62, 9.6 . 180,00 12.5 1885 .

1968 ~34,22 R 156,55 ~ 14,5 - == !

1969 . 30,90 -- . 159.05- - 13.7-% - .

~ SOURCE: ' Republic of Kenya, Statistics Division, _Ministry of Finance -

and Economic Planning, Statistical Abstract, 1970 (Nairobi. s
'Government Printer, 1971), p. 72.
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APPENDIX IT
TDE SERIES REGRESSIONS /

A, OUTPUT REGRESSIONS (Figures in parentheses are standard -errors) ~

1. Siaza District . '

-3.02185 + 0. 30689 T -2:15154 Ln (BCof_;) '
(0 8902) (0. 1492) . (1. 2482) o

In (OutCof)

=0,7329. DW=l 9982

In’ (Outhe_)

104822  -0,59046 T -+0, 046324 Ln(PMze)

(1,9523) .- (0.2919) (0, 06746)" .
. LA

r? = 0.3583 D-W = 2.0283

!

2, - K:lambu. District

Ln(OutCof) = &, 53934 +0. 19968 T - 1,1111 Ln(PCof ) ;
(0, 5613) - : .

= 0, 8258 D-W = 1,9758 -

; Ln(outhe) =.9, 38285 -o. 72429- T + 0, 10779 Ln(PMze)
(1. 9542) -(0.2922) ° (0.06752)

2.2 0, 4356 o DW=2.2615 7Y

Ln(OutTea) = 9,97372 + 0,399209 T - 1.06349 Ln(PTea_,)

3. Taita District

In(OutCof) = 2,94934 - 0.0246°T -1,32333 Ln(PCof
(0. 28028) (0.04696) (0, 3905)

-z RPL 06712 DW= L2461’ )

-1

4. Nyeri D:!.'s.t'ric ) ) ;

Ln(OutCof) = 5,29253 +40,229497 T - O, , 278406 Ln(Pcof 1)
(0 2089) (0,03508) (O 29296)

2.20,9220  Dw=1 9679



E Ln(OutTea) = 5.9242 +0.3261 T + o 079437 Ln(PTea_,)
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