
AN ECONOMIC ANALYSIS OF PRODUCERS' INCOME -
INSTABILITY IN KENYA'S AGRICULTURAL -

SECTOR :~{J THE CASE OF SELECTED 

" MARKETED COMMODITIES 

By 

ISAAC KIPRUTO ARAP ROP 
a 

Bachelor of Science 
University of Nairobi 

Kabete, Kenya 
19 77 

Master of Science 
University of Nairobi 

Kabete, Kenya 
1981 

Submitted to the Faculty of the Graduate College 
of the Oklahoma State Universit y 

in partial fulfillment of the requireme nts 
for the Degree of 

DOCTO~ OF PHILOSOPHY 
December, 1986 



AN ECONOMIC ANALYSIS OF PRODUCERS ' INC011E 

INSTABILITY I N KENYA ' S AGRICULTURAL 

SECTOR : TRE CASE OF SELE CTED 

MARKETED COMMODITIES 

The sis Approved : 

Dean o f Gra dua te Co llege 

i i 



ACKNCNLEDGJ::MENTS 

I am de eply indebted to a num ber of people and organizations 

vthose contributi ons have been invaluable in my Doctoral pro gram . 

Working with my advise r, Dr. Jim Russell ha s been pleasurable. Hi s 

understanding, guida nce, encouragemen t and attention to de tail have 

:na de this study a rewarding exoerience . I am equally grat eful to the 

mem b ers of my advisory committee: Dr. Dan Badger , Dr . David 

Henneberry, Dr . Marilyn Kletk e and Dr. Dean Schreiner for their 

'1el pful sugges tions and r e commendations in t he preparation of the 

final draft Part of my study could not have been done without the 

help of Dr . Chandler and Dr. Folk of the Computer Science Depart:nent, 

Oklahoma S t ate Unive~sity. 

I am grateful for the financial support that was extended to me 

by U .S.A.I.D. and the Government of Kenya. My thanks are extended to 

Dr. l1aiisu, the Director of Kenya Agr icultural R.esearch Inst i t ut e 

(K.A.R .I. ), a nd especial ly to Dr. Ngundo for his e ncou rage men t ::1nd 

unswerving support. The then Managing Dir ector, Ke rio Valley 

Development Authority, and all those conce rne d in t he Ministry of 

Regio n a l Developmen t and Technology (Energy) deserve special ment i_ o n 

for Ea cilita ti.ng my tra nsfe r to K.A.R.l. 1.n order to take up the 

scholarship. Other s , including Dr. Rod ewald o f Was hi ngton State, 

Pul lm a n, a nd Dr. Lit tlefie ld, curre ntl y of Oklahoma S tate University, 

a r e gr e atly a cknowl edge d fo r their ini tia l scho l a r sh i p a rran geme nt s . 

iii 



Tl-J e con tributions of Dr. Flore nce Lenga o f K . A.R . I. , my cousu1 

~r. K . Arap Che bii of the Mi n i !5 try of Commerc e and Indus try, and :'-Jr. 

J. Mut a i o f Ke nya Shell and BP, in d ata collection , are greatly 

appr eciate d. 1 ack nowledge with gratitude the work done by Ms. Lib by 

l..Thipple, who pati.ently and cheerfull y ty ped thi'3 dis!5ertati.on. 

M. y note of t hanks 1s owed to Dr. and ~rs. Folk who created a 

h om e y environment for me in Stil lwate r. "My graduate colleagues: 

Alvaro Ramirez, Bec ky L o we and Babtu B r aha have made my stay ie1 

S till wate r tolerable. Nomsa Mncadi and her friends have been a r e cen t 

<> ourc e o f inspiration t o me . Finally , t o Jepkosgei , I OvTe my thanks 

f or her encoura gement, care a n d underst anding . To Soti Koima, my 

grandmother, 1 dedicate this dissertat i o n. 

i v 



TABLE OF CONTENTS 

Chapter Page 

I. INTRO DUCTION 

Problemat ic Situation 
The Prob l em 
Objectives .. 
Hypothese s. 
Procedure . 
Organi~ation of Study 

II. ~EVIEW OF LITE ~ATU~E 

Introduct ion .. 
Measurin g Instability 

Single Variable Indices of Instability 
Identity Functions ... . 

Market Model s of Instability ..... . 
The Wau gh-Oi-Masse ll Framework .. 
Extensions of the Waugh-Oi-Masse ll ~pproach. 
The Newbery-Stiglitz Approach. 
Produc e rs' Expectations. 

Chapter Summary . 

III. METHODOLOGY. 

1 
10 
13 
13 
14 

• 15 

17 

17 
17 
18 
26 
34 
34 
35 
40 
42 
44 

47 

Introductio n. 47 
Ana l y t ical Framework. 48 

The Suppl y System. 48 
The Demand System. 54 
G<:Jvernment Intervention. 56 

Model Spectfication . . 63 
Export Instabi lity Measure for Kenyan Data 63 
Simulation Model: Description . . . . . . 70 
Econometric Component s . . . . . . . . . . 74 
Si mulation Model: Applicati o n 1vi t h Kenya Data 76 

Chapter Summa ry . . . . . . . . . . . . . . . . 78 

IV. MEASU~ES AND SOURCES OF INCOME INSTABIL ITY: DATA NEEDS 
AND ANALYSIS . . 80 

Introduction. 
Data Nee ds .. 
Emp i r ical Res ult s 

v 

80 
81 
83 



Chapter 

~easures of Instability. 
Sources of Instability 

Pol icy Implications .. 
Summary and Conclusions .. 

Page 

83 
90 
99 

.102 

V. EFFECTS OF GOVERN~ENT STABILIZATION PROGRAMS .1 06 

Introduction ..•• 
Data Requirements 
Results ..... 

Initial Input Information. 
Results of the Simulation Experiments. 

C~apter Summary .. 

VI. SUMMARY AND CONCLUSIONS. 

.106 

.10 7 

.108 

. 108 

. 113 

.12 0 

.12 2 

Summary . . . 122 
Conclusions .125 
Limit~tions and Need for Further Research .1 29 

BIBLIOGRAPHY . . 131 

APPENDIXES. . .139 

APPENDIX A- BASIC DATA USED IN THE STUDY . . 140 

APPENDIX B- DESCRIPTION OF VARIABLES USED IN THE STUDY . .146 

APPENDIX C - LISTING OF COMPUTER SIMULATION PROGRAM. .149 

APPENDIX D - SOME COMMON INDICES OF I NSTABILITY. .157 

APPENDIX E- AN APPLICAT I ON OF COPPOCK'S INDEX . .1 59 

v i 



LIST OF TABLES 

Table Page 

I. Frequency Distribution of Measures of Export Earnings 
Instability for Selected Numeraire Currencies . . .. 85 

II. Earnings Instabilit y Measures for Se l ected Export 
Commodities, 1964-83. . . . . ... ...... 86 

III. Correlation Coe ff icients Between Export Earnings 
Instability by Vehicle Currency, 1964-83... . . . . 87 

IV. Components of export Earnings Instability in Terms of 
Ke nya Shillings, 1964-93 ................. 92 

V. Componen ts of Export Earnings Instability from Coffee 
and Tea for Selected Periods. • . . . . . . . . . . 94 

VI. Components of Income Instability from Selected Marketed 
Product ion. . • . . . . . . . . . . . . . . . 96 

VII . Produce rs' Income Ins t ability from Agricul t ural Sales 
for Select ed Periods. . . . . . . . . . . . • . 98 

VIII. Simulation Model: Summary Statistics by Policy •. llR 

IX. Selected Performance Measures for Commodities by Policy .119 

X. Kenya Domestic Agricultura l Expor ts in Metric Tons, 
1964-33 . . . . . . . . . . • . . . . . . . . 141 

XI. Kenya Domestic Agricultural Exports: F.O.B. Prices in 
Kenya Shi 11 ings per Kilogram, 1964-93 . . . . . . . 142 

Xll . Quantity Marketed in Thousands of Metric Tons , Crop Area 
in Hec t ares a nd Rainfall i n Millimeters, 1964-83 . .143 

XIII. Exchange Rates: National Currency and S.D.R. Units Per 
U.S. Dollar, Period Average, 1964-83. . . .144 

XIV. Average Prices Pa id t o Producers in Keny a Shillings per 
100 Kilograms, 1964- .'33 . . . . . • . . . 145 

XV . Desc riptio n of Da t a Var iable s .14 7 

vi i 



Table 

XVI. 

XVII. 

XVIII. 

IX. 

Definition of Abbreviations .... 

Description of Selected Instability Measures. 

Worksheet for Computing Coppock's Index 

Calculation of the Coppock lndex. 

viii 

Page 

. 148 

. 158 

. .16 0 

. 161 



LIST OF FIGURES 

Figure Page 

1. Geographical Location of Kenya. 2 

2. Major Ecolog ical Zones of Kenya 3 

3. Impact of an Appreciation in Kenya Shilling (KSh.) on Expor t 
Trade of Agricultural Commodities . . . . 58 

4. Flow Diagram for Solution Procedure of Simulation Mode l 75 

5 . Actual and Simulated Output of Wheat in Thousands oE Metric 
Tons .. . 114 

6. Actual and Simulated Output of Mai~e in Thousands of Metric 
Tons. . 115 

7. Actual and Simulated Output of Liquid Milk in Thousands of 
Metric Tons . . . . . . . • . . .11 6 

ix 



CHAPTER I 

INTRODUCTION 

Problematic Situation 

Kenya 1s a democratic republic on the east coast of Africa 

(Figure 1). The country was a British colony until gaining its 

independence 1n 1963. It has a parliamentary system of government, 

with a president as head. Normally, elections are held every five 

years. Suffrage is universa l over the age of 21. Since independence, 

the country has had remarkably stable politica l and economic 

continuity, at least relative to other African countries. 

With a land area of 582,646 square kilometers, Kenya's physical 

and climatic differences are caused mainly by variations in altitude. 

Elevation ranges from zero at sea level to over 5,000 meters above sea 

level. The daily mean temperature on th e coast 1 s 27 degrees 

centigrade while at 1,500 meters, the tempe rature varies betwee n 21 

and 26 degrees centigrade. Annual rainfall varies from a high of 250 

centimeters a round Mt. Kenya to less than 25 centimeters in the north 

and northeast. Most of the country experiences two rainy seasons. 

The seasons vary from region to region . The country is divided into 

ecological zones depicted in Figure 2. A World Bank r eport (1975 ) 

described the zones and their agricu ltural potential. These are 

brief ly described below. 
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Figure l . Geographical Location of Kenya 
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Zone l: 

Zone 11: 

4 

This covers about 800 square ki l ome t ers. Land 1s 

limited to water catchment. 

This extends some 53,000 square kilometers. It has 

high agricultural potential. Tea, coffee and 

livestock are the major commercial activities. 

Zone Ill: It covers about 53,000 square kilometers. Large scale 

commercial wheat, matze and barley are grown in the 

Zone IV: 

Zone V: 

Zone VI: 

zone. Maize production ts dominant in small scale 

farms. Intensive livestock activities are possible. 

Having roughly the same area as Zone Ill, the zone has 

limited agricultural potential . Cotton, pulses, sisa l 

and o ilseeds are the matn cash crops. Some commercial 

ranching is practiced. 

The zone covers some 300,000 square kilometers . It 

has moderate rangeland dev e lopment pot ential . 

Wildlife ' is important. 

This zone covers about 112,000 square kilometers. 

Rainfall is erratic. Nomadic pas toral ism is the main 

activity. 

Thus Zones II and Ill, forming less than 20 percent o f the 

country , could be classified as having h igh to medium agricultural 

potential . Th e r est is eit he r marginal or low po t e ntial und e r 

e xi s tin g e co l ogica l conditions . 

The Kenya Economic Survey (1 985) estimated Kenya's po pulation at 

1 8.8 million tn 1983 and growin g a t about 4 pe rc e nt pe r annum. The 

est i mat ed per capita gro ss n a tional product for 1980 was equ iva l e nt to 

$420 U.S. (IBRD/World Bank, 1983). Thi s declined to $310 U.S. in 1984 
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(Wocld Bank, 1986). The high population growtl-} t"ate is an important 

development pcoblem for the countt"y. Based on the 1979 census, about 

60 percent of the population was less than '20 years old, 

Approximately 80 percent of the population depends on. agricultut"e. 

The youthful nature of the population raises dependency problems. The 

lBRD/World Bank (1983) repot"ted that in 1976, a square kilometer of 

agricultural land in Kenya suppocted a population density of 231, 

making it one of the highest in Sub-Saharan Africa. 

Essentially, Kenya has a " mixed" economic sy.stem. Diverse forms 

of economic organizations and incentives exist. Private enterprise is 

encouraged. However, the Government also advises and participates 

directly or indicectly through state-owned or parastatal corpocations . 

Coop era tives, especi a lly in the agricultural sector, have been 

central to economic development. F'or t he pe riod 1964 to 1973, t he 

average annual growth rate of total GDP was 6.6 percent, wi th 

agriculture and manufsctut"ing growing annually at 4.7 and 8.4 peccent, 

respectively (IBRD/World Bank, 1983). Performance has been erratic in 

the latet" pact of the 197 0's a nd early 1980's. The average growth 

rate in GDP 1n 1983 was 3.5 percent (Kenya, Economic Survey, 1985) . 

A.ltloough the agricultural sector contributes about 30 percent of GDP, 

Kenya is still an agricu lturally dependent country. 

Kenya's agriculture is d ichotomous in many ways. Thet"e are l a nd 

are as with high and low agricultu r a l potential, l arge a nd small scale 

farms, crop and animal production systems, as well as subsistence and 

commerci.al agricultural production. De \.,Tilde (1984) estimates that 

th e share o f mark e t oriented a g cicultural GDP ha s r ise n from 4 2 

pet"c e nt of the t ot a l agr i. cultur::J.l GDP in 1964 to a bou t 50 per-cen t t n 
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19 77. Thus, commercial agriculture play s an important role in the 

country•s market oriented economy. It is this subsector which 

provides much of the sti_mulus for overall expansion of the economy. 

Instability in the subsector can have negative repercussions 

throughout the economy. Dualism exists in the subsector too. There 

are export oriented product i on activities as well as those directed 

toward the domestic market. 

In 1980, it was estimated that 74 percent of Kenya •s net foreign 

exchan ge earnings were from a gricultural sources (Schulter, 1984) . 

Coffee, tea and sisal are the major exports. Major food commodities 

which enter the domestic mark eting system are maHe, wheat and liquid 

milk. Thes e s~x commodities form the backbone of Kenya 1 s commercia l 

agriculture. At the macroeconom1.c le ve l, the commodities are 

complementary t n nature. The export commodities provide foreign 

ex cha nge which is u sed t o import fertilizers , ene rgy and machinery . 

Occa s io nally , export earnings are necessary to pay for food imports. 

At the farm level, some of these commodities compete fo r producers • 

land and labor resources. Typical examples include the competition 

between cash and f ood crops for land in small scale produ c tion systems 

in the Central Province. At the national level, the subsector is 

viewed a s the maj o r s ource of employment for the expanding labor for ce 

gtven the limited employment opportunitie s in the non-agricultural 

sector. 

During 1960-70, the average annual g r owth rat e in agricultural 

pro duction was 3.3 percent. Th is rate declined to 2 .7 during t he 

1970-82 period (IBRD/World Bank, 1984) . Between 1972 and 1978, t he 

c ommercia l subsector grew at the rate of 2 . 6 per cen t (IBRD/World Bank , 
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1983). A study by Josling (1984) revealed the average annual growth 

rate 1.n agricultural export earnings for the period 1970-79 was 17.8 

percent. 

percent. 

However, the rate of growth of purchasing power was 1.9 

Thus, the growth rate of export earnings was not favorable 

when compared with costs of imports. In 1961, the commodity 

concentration index, defined as the share of total exports from the 

three principal exports, was 34.2 percent while the average for the 

1976-78 period was 52.5 percent (IBRD/World Bank, 1981). Hence, Kenya 

has become increasingly dependent on fewer commodities. The average 

?rice fluctuation indices for coffee and tea during the period 1955-81 

were 17.7 percent and 7.7 percent, respectively (Singh, 1981). Market 

concentration 1.s declining although the traditional industrialized 

nat ions s t i 11 account for over 50 percent of total purchases (Kenya, 

Statistical Abstract, 1984). These levels of concentration make Kenya 

more vulnerable to the economic fortunes of the fewer trading 

partners. 

Accompanying the above imbalances has been the devaluation of the 

Kenya currency against the United State's dollar by about 47 percent 

b e tween 1970 and 1983. A recent World Bank study on Kenya (IBRD/Wor l d 

Bank, 1984) indicates that during the period 1970-82, the annual 

growth rate 1.n terms of trade against its trading partners was -0.4 

percent. Furthermore, debt-service as a percentage of exports rose 

from 5.4 percent in 1970 to 20.3 percent i n 1982. The economic shock 

of 1973-74, that arose from a n increase in oil prices, led to a 

dec 1 i ne of 12 percent in terms of trade resulting 1.n an approximate 5 

percent loss 1n 1.ncome in real gross domec;tic produc t (IBRD/Worl d 

Bank, 1983 ). 
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Concerning Kenya's geographical factors, Wolgin ( 1975) noted that 

climatic and ecological conditions vary widely across space and time 

1n Kenya. Variation 1n space gives rise to well-defined 

agroecological zones. Often there is a predominant activity 1n each 

zone but diversification is also common especially among small-scale 

producers. Variation across time contributes to annual or seasonal 

irregularities in agricultural production. Whereas Kenya, being a 

sma 11 and open economy in many respects , has limited or no control on 

international markets and climatic factors, it may be able to 

alleviate inconsistencies in the domestic markets by choosing relevant 

weights on appropriate policy instruments. 

Most current policies associated with food production in Kenya 

are embedded within goals of Kenya's National Food Policy (Kenya, 

1981). Broadly, the major policy goals include: (1) self-sufficiency 

1 n the basic foodstuffs with the surplus being exported profitably; 

(2) a reasonable degree o,f food security 1n the country; and, (3) 

increased availability of nutritiona l ly balanced diets for all 

citizens. Inherent in these goals is the stabilization of domestic 

food prices. Past policy has promoted production through the 

provision of pr1ce incentives to producers and improvements 1n the 

marketing system. 

Kenya has been marginally self-sufficient 1n th e basic 

fo odstu ff.:; . Assuming an annual population growth rate of 3.5 percent 

and a growth rate of per capita income of 2.5 percent, projections 

for the period 1977-2000 e stimate food consumption will grow by 4 

percent pe r annum (IBRD/World Bank, 1983). Kenya must expand its fo od 

supply and distribution network if it is to meet increased food 
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requir-ements Otherwise, the rapidly grow1ng population and its 

changi..ng spatial distri.butions could destabilize pr-oducer-s' 1ncome 

through strained marketing channels. 

The major commercial farm commodities are marketed through or 

regulated by government controlled agencies. These agencies are 

commodity based and are responsible for advising the government on 

policies regarding their respective individual commodities. As such, 

national commodity production r-isks and benefits are assumed by 

agencies. A breakdown in coordination among agencies may result in a 

Cournot-li.ke decisi.on making process, especially concer-ning 

production. An agency would set the price for the commodity in which 

it 1s responsible assuming that the other agencies would not change 

their positions. This approach ignor-es the possibility of commodity 

substitution at the farm level. Some observed production distortions 

and disincentives accrue from lax coordination among these age nc1es. 

The government controls producer and consumer prices for the principa l 

food commodities. Despite the fixing of producer prices, non pr1ce 

factors reduce the effective net farmgate prices. For example, delays 

in payments by the agencies have negat i ve temporal e f fects on farm 

operations. Coupled with envir-onmental vagar-1es, a producer's 

mar-keted supply response may be based on the expectations of average 

revenues instead of fixed pr1ces as is commonly stipulated (Sca ndizzo 

et al., 1984). 

There 1s ample evidence to suggest that the major constraints to 

achieving d e sired goals in the agricultural commercial subsector are 

e conomi c and politica l r-ather than technical or bi o logi cal (IBRD/Wo r ld 

Bank, 1983). Most agricultural commodities have the potential o f 
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entering the comme rcial subse ctor. In recognition of this potential, 

the g overnment o f Kenya ha s been developin g g uidelines for 

a g ricultural marketing and pricing policy. In genera l , the objective 

h a s b e en to promote e fficiency of the marketing system and spur 

a g ricultural production through increased "competition." In designin g 

policies for the comme r cial subsector, p rice rather than quantity or 

average revenue instrume n ts are commonl y used. Accordingly, produce r 

prices are set with cons ide rat ion of border prices, production costs, 

su p ply trends, effects on consumers and the promotion of specific c rop 

or animal activities. These are reviewed regular ly as part of the 

Mi n i'3try of A~?;r i.culture's Annual P rice Review. Thus, domes tic prices 

ar e , implicitly, the result of a form of welfare optimization. Po licy 

ha s been formulated under unstable domestic and external environment s 

resulting 1.n possibly unnecessary shifts in re source use and ens uing 

production and 1ncome instabilities. 

The Problem 

The preceding descriptio n suggests that commercial agriculture in 

Kenya faces t hree potential sources of instability: demand, suppl y , 

and government. Demand instability may arise from variability i n 

consumers' tastes and pr e ferences, 1ncomes, and pr i ces of other 

commodities. Also, exchange rate effects arising from domestic fiscal 

and mon e tary pol i cie s and impor t trade restrictions of i ts tr ading 

partners contribute to demand instabilities. 

Chang es in production conditions, orices of inputs , and technical 

chan g e ar e the common sources of s upp l y instability . Government may 

contribute t o variability th rough its responses to market fluctuations 
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and re gula tions which aff ect sup ply and demand situation s . 

Co nvers ely, well conceived and implemented government policies may 

decrease variability associated with unregulated supply and demand. 

The re lative importance of each source in the subsector varies acros s 

time , f orm, and space. 

Ins tab i 1 it y in agriculture has been the sub iect of many studies. 

Following the pioneering work of Waugh (1944), Oi (1961) asserted that 

producers rather than consumers stand to bene f it from price 

instability i f the instability is the re s ul t of random f l uctuations in 

selling prices. In a similar Marshallian framework, Massell (1969) 

demonstrat ed that instability benefits neither consume rs nor producers 

when joint l y considered. The crucial element, in the form ulation of 

appropriat e policies on stabilization, ~s availability of information 

on prLce ela s ticities of supply and demand. 

In dev el oping countries, t h e authenticity of the estimated 

elasticities Ls as questionable as Bateman's (1965) observation on the 

long run influence of prices ~n producers' decision making process. 

Chenery (1983) makes the point that the decision to use pr~ce or 

quantity as a policy instrument shou ld be mad e by balancing the 

advantages and disadvantages of each variable. With effects risky, 

governmental policies may lead to long term or short term allocative 

inefficiencies in production and consumption. Turnovsky (1976) argued 

that stabilization could be harmful or beneficial to either consumers 

or producers depending on the source of instability. 

Producer s ' income in s tability 1n Kenya's commercial agricultur a l 

s ub - s ector can b e t r aced to economic co ndi tions prevail in g i n both 

international and domestic environments. Br od s ky (1983) demonstrated 
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that the measurement of expo rt instability is highly sensitive to the 

numeraire currency. This casts some doubt on the validity of the many 

studies on this subject, at least for weak "currency" countries. 

Attempts to insulate prod ucer pr1ces, in a small country like Kenya, 

from unstable world market situations are often futile. 

Studies on the correlation between growth of e xports and the 

gross national 1.ncome have been inconclusive. As noted by Myint 

(1984) a positive or negative statistical associat i on between growth 

of exports and gross national tncome may imply that export expansion 

1.s the cause of econom1.c development, economic deve l opment is the 

cause of increased exports, or other factors cause changes in both. 

However, for Kenya, especially in the 1970's, in t erna t ional events 

have had ripple effects on the performance of its economy. 

Reco g nizing the presence of linkages between export earning and 

commercial agriculture, it may not be wise to make a second-best 

policy for export trade restrictions to reduce income instability 

(Gorden, 1974). 

Empirical findings elsewhere indicate that government 

stabilization programs can lead to net wel fa re gain s (Gardner et al., 

1984). The success of individual programs depend upon the nature of 

the poli c ies implemented in response to the unstab le environment. 

Agricultural produ ct ion a nd trade polic ie s may have long run and/or 

short term effects on producers' income. Usually, instab ility is the 

f oc us of short ter l' m po Ley responses. Thus, o ne prerequisite fo r 

sound Ke nyan policy formulation is the measure men t of instability, the 

id e ntifica tion of its sources , a nd t he evaluation o f al t e r native me ans 

of s tabilizing tncome in the comme rcial subsector given the pre vai ling 
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risky and uncertain environment. This needed empirical analysis has 

not been done. 

Objectives 

The general objective of this study is to determine the sources, 

magnitude, and policy implications of producers' income instability in 

the commercial agricultural sub-sector of Kenya. 

include: 

Specific objectives 

1) to rev1.ew appropriate statistics for measuring export 

earnings instability; 

2) to quantify producer earnings instability from the export of 

selected commodities; 

3) to examtne producer tncome instability from selected 

dome stically marketed commodities; 

4) to evaluate the following domestic policy instruments under 

selected economtc scenartos: 

i) no government intervention; 

ii) mi nimum price support policy; 

iii) guaranteed mi nimum income policy; a nd, 

5) to develop policy recommendations which incorporate producer 

income stability as a goal. 

Hypotheses 

This study l.S organized around the working hypothesis that 

information on produ ce r tncorne instab i lity l.n the commercia l 

agriculture s ub- sector wil l be useful to Kenyan policymake rs in 

formulating domesti c agricultural, agricultural trade, and general 



14 

policy. Specific hypotheses to be tested include: 

1) export instability may be appropriately measured 1.n terms of 

Kenya's currency; 

2) impact'> on producer income instability are greater from 

commodities exported than from commodities marketed 

domestically; 

3) certain domest i.e policy instruments could be effective 1.n 

stabilizing the 1ncomes of agricultural producers; and, 

4) policies can be developed which increase the stability of 

producer incomes as measured by coefficients of variation. 

Procedure 

This study employs the coefficient of variation as a measure of 

i n s t a b i l i t y • The measure has been used by many authors in empirical 

studies pertaining to instability. These include Labys and Thoma s 

(19 7 5), Labys and Perrin 0976), Newbery and Stiglitz (1981), Schmitz 

and Koester (1984), and Bigman (1985). This section gives a general 

overview of the procedure used in this s tudy. Further details are 

given in the chapter on methodology. 

Objectives one and two will be achieved by using a variant of the 

approach u sed by Brodsky (1983). The ma 1.n export crops are valued 

using major intern a tion al currenctes and the national currency. 

A ba s ket currency, r epre s en t ed by the Special Drawing Rights (SDR) is 

also used. SDR has been defined since 1970 but figures have been 

calculated for years prior to 1970. Export earnings instability 1 s 

calculated for each numera1re currency using the ge ne ral approach o f 

Cuddy and Della Valle (1978). To dete rmine the e ffects of u sing the 
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different numera1.re currencies, the correlation coefficients between 

the var1ous indices as derived above, are calcu l ated. The 

coefficients will be tested to see if they statistically differ from 

one. 

Objectives three, four, and five will be achieved by using the 

results of an econometric simulation model similar to that developed 

by Bigman (1985). The model has three components: 

1. An econometric model consisting of supply and demand 

functions. Since the interest is on production and trade, 

consumers are aggregated into a single group. Log-linear 

demand and supply functions are used. 

2. The stochasti..c process reflects variation 1.n agricultural 

production 1n the subsector and in domestic and world 

prices. 

3. A set of dome s ti..c policy instruments which can be used t o 

describe governme~t reaction to specified contingencies. 

Domestic policy simulation is carried out within a partial equilibrium 

framework. 

Organization of Study 

The rest of the thesis LS or g anized as follows : A rev1 e w of 

1 iter ature is present e d 1.n Chapter II . In Chapter III, methodologica l 

and theoretical i..ssues are discus sed. Measures and sources of Kenyan 

income instability are presented 1.n Chapter IV. The effects o f 

government s tab i lizati..on programs are presented in Chapter V. The 

s umm ary and the co nc lusions of the study are presented i n Chapter VI . 
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Policy implications and suggested direc t ions for future research are 

also discussed in this final chapter. 



CHAPTER II 

REVIEW OF LITERATURE 

Introduction 

It ~s generally acknowledged that instability in agricultural 

commodity markets has significant repercussions on the welfare of a 

country. To this end, instability has attracted a large body of 

research. Economists have sought to identify and analyze its sources, 

effects, and means of control. This phenomenon has had neither a 

prec1se definition nor a unifying principle underlying its 

quantification (Gelb, 1979). The purpose of this chapter is not to 

present a comprehensive review of the theoretical and methodological 

research on the subject. Rather, the focus 1s on contributions 

relevant to the analysis of income instability in the agricultura l 

sector of a developing economy. This chapter 1S thus divided into two 

ma1.n sec t ions. Th e first secti on e xamine s common me thods of mea s urin g 

instability of one or more variables. The literature on market models 

of instability is described in the second section. 

Measurin g Instab i l ity 

The array of past me a sures of ins tability can be c ategorized 

according to their purpose. Two ca t egories are readi l y identifiable. 

Fi r s t, a r e thos e th at a t temp t to c a p tu r e t h e degr e es of ins t a b i li t y 

17 
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among single variables. Second, for functionally related variables, 

are those that e ndeavor to apportion variability among their 

components using statistical identities. In both cases, the degree of 

i n s t a b i l i t y h a s b e e n me as u r e d w i t h o u t any ex p l i c i t as s u mp t i. on abo u t 

the underlying structural relationships. 

Single Variable Indices of Instability 

According to Gelb (1979), at least 16 different indices of 

instability have been reported in development lite r a ture. Some of 

these indices are listed tn Appendix D. The major concern is that 

using similar time series data, but employing different indices, often 

results 1n Hidely d i ffering conclu s ions. 'This has se n .ous policy 

implications. Glezakos (1970) presents a statistical verification of 

some indices that have been used in expect instability studies. Some 

of these indicators are discussed by Knudsen and Parnes (1975) and a 

r ece nt review of the measur-es is presen t e d by Offutt and Blandford 

(1983) Disparity among the measures arises primarily from methods 

used to eliminate trerrd and to weight the deviations from the trerrd . 

Indic es derived from var ianc e and me an ab s olut e dev i a ti.orr s are 

discus sed belo w. 

0ne of the e arliest indices of in s t abil ity, a loga rithm-variance 

type , wa s developed by Coppock (1962). 'The index, lc, is defined as: 

wl-Je re 

Ic anti log of 
l n-1 

2:: 
n- 1 t=l 

xt th e logarit h mic first d iffe r e n c e o f t l-Je va r iable 

(L l) 
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t time 

n = the numbec of observations 

n-1 
M 1/n-1 E log Xt+l/Xt 

t =1 

An example of its application is given 1n Appendix E. 

Two advantages of the index ace apparent. First, by taking the 

first difference, much of the linear trend is removed. Secondly, 

influences of peripheral observations are abated by taking logarithms 

of the data. The major drawback is that the formation of expectations 

depends on the first and the last points of the data set. As shown by 

Knudsen and Parnes (1975), the trend eliminating term is a function of 

the two points. From equation (2.1), M can be r ewritt en as: 

(2. 2) 

Equation (2.2) demonstrates that the formation of t he expectations 

revolves around x1 and X , 
n 

the first and the last observations, 

r e spec tiv e ly. Thus, int e rme d iate observa tio ns are e xcluded in t he 

process. This raises conceptual problems. There is no reas o n to 

assume only x1 and X as 
n 

the basi s Eo r forming expectations. 

Furthermore, the e xcl us i on makes the index sensi t ive to the per iod 

se l e ct e d. Howe ver , it has been use d in a numbe r of studies r e lated to 

export trade instability. Recent examples include Leith (lg7Q), and 

Ranga rajan and Sundarajan (1976). 

Instabili ty a mong <>ingle varia b les can be compared by 

coefficients o f variation (CV) , which exp r ess the standard deviation 
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for each va~iable as a percent of the arithmetic mean of its 

observations. The index i<> frequently used and easily interpretable. 

For a set of observations, the index is defined as 

where 

100 

Xt i s t h e value of the variable 1n time t, t 

X is the arithmetic mean of X. 

( 2. 3) 

1 ... n. 

As defined in (2.3), the lev index 1s independent of the length 

of the series of the data. Unlike Coppock's index, all the data are 

considered in its development. However, most of the time series data 

in agriculture exhibit some form of trend, Hence, it i.s necessary to 

separate the long run trend component from the sho r t run variati o ns 

about the trend. Cuddy and· Della Valle ( 1978) indi c at e d t h a t lev 

would overestimate the degree of instability if the trend is 

statistically significant. Nevertheless, the World Bank (1975), Lab y s 

and Thomas (1975), and Labys and Pe rrin (1976) have used the untre nded 

The importance of trend removal c a nnot be overemphasized. 

Mass e ll (1970) stat e d tha t the type of trend fitted to time seri e s 

data det e rmines the inde x of i nstabi l ity obtained. He po s tulat e d that 

countries tend to plan in terms of growth rates r a ther than in terms 

of ab s olute incr e ments, Conse quently, usin g an exponentLal rather 

than a linear form is iustified. Althou ~h he u se d the linear form, he 

observed that, empirically, the f o rmer fun c tion provided a better f it 



21 

than the latter for:- the sample of countries considered. The fitting 

of a logarithmi c funct i.on presumes an exponential relationship between 

the deterministic part of the dependent variable and time. Dependi ng 

on the properties required of the estimate, the random component can 

be either independent of time or autocorrelated . Yotopoulus and 

Nugent (1976, p. 331) assumed the exponential relation Ln detrending 

their data. 

By fitting a linear form to remove trend, the exact part of t'r)e 

d e p e n d e n t v a r i a b l e i s p r o p o r t i o n a 1 to t i me . In using this form, 

Hazell (1982) stated that i t does not assume a determini s tic component 

for any relationship betwee n the variance of the dependent variab l e 

and time. Hazell (1984, 1985) u sed quadratic forms becaus e of the 

above assertions and the ease with which unbiased and efficient 

estimates of the variances and covariance.s are obtained from the 

resulting variance-covariance matrix. 

Th e basic procedure uses or'dinary least squares to fit the 

desired functional form. The linear form: 

~•he re 

X 
t 

a + bt + e (2.4) 

X t d e n o t e s t h e v a l u e o f t h e v a r i a b 1 e 1 n t i me t , t 1 , 

2, ... n. 

et is the error term . 

Usin g th e line arly detrended data, Massell (197 0) arrived at his 

index, I , as follows: 
Me 
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n 
cxt-x)2 

~ 
2: 

1 t=l 

1Me 
( 2. 5) 

X n 

where 

I Me denotes Massell's index. 

A 

X is the fitted v al ue of X, estimated as per equation (2.4) . 

Th e variant of Massell 's index used b y Yotopoulus and Nugent 0976 ) 1s 

defined as 

n 
A 2 ~ 

l: (logXt -logX) 
1 t=l 

I My 
(2. 6) 

logX n 

where 

IMy refers to the index u sed by the a bove authors. 

X 1 s t h e f i t t e d v a 1 u e o f X , e s t i rna t e d u s in g the 

transformation where 

Log (Xt) a + bt + e (2. 7) 

Cudd y a nd De ll a Valle (1978) noted the statistica l bia s in IM , e 

In the ir derivation, the divisor, n, was used instead of 

the generally accepted n-2 , the degrees o f freedom in equations (2 . 4) 

and (2.7) . Also the r e 1s a debate as to whether to us e linear or 

exponential fun ctio n s when detrending the data. To alleviate the 

prob l em, the authors developed a general approach . The s tartin g poin t 

is R 2 , th e coefficient of multiple determination from a mul t ip l e 

r eg r essio n mod e l: 
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The relationship in (2.8) can be expressed as 

(n-1) = (n-k)(l-R2)-
n-k 

n 
l: 

t=l 
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(2 .8) 

(2. 9 ) 

where k 1s the number of independent variables. Note t hat the square 

of the standard error (SEE) of the regression and the standard 

deviati on of X c a n be derived from (2.9). Using t he de f inition o f t he 

coefficient of variation, and the relationship given in (2.9), an 

index, IGa' can be derived as 

SEE 
11)0 

n-1 
CV ( 1-R2 ) 

n-k 
( 2 • 1 Oa ) 

Recog ni z ing that [· J ab o v e L S e qu a l to on e minu s th e adju s ted 

c o e ffi c i e nt of multipl e r eS?; re ssio n, - 2 
R ' equa t i o n ( 2 .10a ) can be 

simp l ified as 

(2.1 0b) 

The abov e ge nera l approach has the follo wing a dvantages : 
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(1) The indeK can be compared across several types of trend 

relations 

(2) The index ts bounded by the lower and upper l imits of the CV 

of the data. Thus, given that R2 = 1, then IG = 0 

implying the observations show no deviation from the 

estimated regression line. -2 If R = 0, then IG CV 

suggesting that no additional information to that tn CV 

accrues from the regression model. 

The ma1n disadvantage is that R2 assumes only posit ive r ea l numbers 

for IG to be useful. 

The Cuddy-Della Valle approach was also used by Schmitz and 

Koester (1984) in a study on the sugar · ma rket policy o f the European 

Economic Community (EC). 

The mean absolute percentage deviation (~PD) is an alternative 

indeK of instability to those derived directly from the variance . 

Defined as 

MAPD 
n 

100/n I 
t=l 

X -X 
t 

(2.11) 

Newbery and Stiglitz 0981) showed that it can be converted to CV if 

c e r t a i n a s s u m p t i o n s a b o u t t h e d i s t r i but ion o f X a r e rna de , F o r a 

normally distributed series about X, with CV as a, 

(2.12) 

- 1. 25 IAD 
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A lo g -normally distributed s enes wou l d enhance the approximation to 

the index. 

On export trade, Brodsky (1983) showed that the indices are 

highly sensitive to the unit s in which the exports are measured . 

Thus, the use of a s trong currency such as the U.S. dollar as th e 

numeraire cur-rency when developing export earnin gs instability for- a 

deve lo ping economy may yield invalid conclusions. T-Ie suggested that 

an expor-t weighted measure or a proxy, calculated as a basket currency 

may be a r e levant numeraire currency. 

Gelb (1979) asserted that instability should be treated as a 

var-iation measure on a filtered stochastic pr-ocess. Using spectral 

analyc;is pr-ocedure s , time serLes data cou ld be decomposed i nto Fourier 

component'>. The sum or- the integral of the vartances of the 

compo nen ts yields the var1ance of the ser1es. Gelb classified the 

component s in to fr-equency g roups with very h igh fr-equency components 

bein g associated with a duration of one year. A duration of over 5 

years was associated with l o w frequenc y components. He concluded 

that: 

1. The common indices of instability do not expl ic itly indicat e 

which componentc; ar-e being considered. 

2. Using shor-t time ser-ies data (1 0 to 15 years) worsens the 

situation. 

3. At least on costs of buffer i ng the e xpor-t ear-ning s 

instability, research and policy empha s is shou l d be toward 

the lower fr-equency compone nts. 

Base d on Gelb 's findin gs , Newbery a nd Sti g litz (1981) poin ted o u t 

that ve r y s hort duration components cou ld b e easily take n care of by 



26 

th e ag ricultural producers. Also, very long period components could 

b e a c c o m m o d a t e d g r a d u a 1 l y • T h e r e f o r e , the rna in con c e r n i s on the 

medium period fluctuations The common indicators of instability 

described above measure the components imprecisely because short time 

ser1es data are commonly used. The author'>' study sugges ts that, for 

a nonstochastic case, an adequate meas ure for pr1ce instability can be 

obtained if: 

1. The time series data cover a period of twenty-five years. 

2 . An exponential form 1s used t o remove the trend . 

3. The d ev iations about a centered five-year moving average are 

then used. 

4. The prices are real. 

So far, certainty with respect to the values of the variable has 

been assumed. This is not always true. Newbery and Stiglitz (1981) 

a r g ued that forecast errors are better measures of instability that 

co u l d be alleviated through il'ltervention by the policy makers. These 

could be defined as the standard deviation of the residuals found by 

regressing the current values of the variables on those lagged one 

period. 

Identity Functions 

Some random variables are identity functions of other r a ndom 

variables. Th e r e are ad ditiv e and multipli ca tive ide n ti ties . 

Additive identities are used to partition the total variance of an 

aggregate into that attributable to i ts components . Multiplicative 

ide ntiti es are u sed to apportion variances of p roducts into those 

attributable to their elements . 
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The decomposition procedure lS as follows: Let X1 , ... , Xn 

2 
be a random vector having multivariate distribution with variances o 1, 

• • .. J 

n 

2 
0 . 

n 
For aggregate identities, the 

[ X. and the variance of S is given by 
i=l l n 

Var(S ) 
n 

n 2 
= k:l ok + 2 2: Cov (Xj, ~) 

j 'k 

aggregate value, S 
n 

(2.13) 

The last term extending over each of the (n/2) pairs of (Xj , Xk) 

with .i < k. Dividing both sides by var(S ) yields 
n 

n 2 n 

2: ok 2 2: Cov(X., ~) 
k=1 j,k .1 

1 + (2. 14) 
var(S ) var(S ) 

n n 

The first term on the right hand side ma y be considered as the 

variability that 1s associated with the ind ividual components. The 

second set of terms indicate's the contribution of the interaction 

between xj and xk. Thus equation (2.14) can be used to identify 

sources of instability . This assumes that variance 1s an appropriate 

measure of instability. 

Rourke (1970) applied the above formulation in a study of world 

coffee variability. He demonstrated that Brazil contributed 86.13 

percent of the total variabi l ity. The interaction between Brazil and 

o t her countries contributed only 13.87 percent. Rourke extended the 

study to th e contribution of individual states in Brazil. His 

conclusions were that in terms of world instability, the focus should 

b e on Bra z il. Within Brazil, the a tt e nti o n s ho uld be o n Parana a nd 

Sao Paulo. Neve rt heless, the procedu r e do e s n o t pr o vide an 
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explanation as to the causes of instability. Offutt and Blandford 

( 19B3) suggested that more information could be obtained by 

decomposing the mutliplicative relationship between area and yield. 

Decomposition of multiplicative identities has drawn substantia l 

interest in agricultural production because of policy implications. 

Early studies include the works of Foote, Klein and Clough 0952) and 

Meinken (1955). They calculated annual changes in yield and acreage 

as a percentage of the sum of average annual changes as a percentage 

of acreage. Sackrin (1957) criticized the approach because it does 

not strictly equate the changes in production with changes in acreage 

and yield. He proposed taking the natural logarithm of the identity 

a n d t h u s o b t a i n i n g an add i t i v e r e 1 a t i o n in terms of 1 o gar it h ms • 

Product ion is then regressed on acreage and yield independently. The 

sum of the coefficients i.s equal to unit y, implying that total change 

~n output ~s explained. 

The primar-y criticism offered by Burt and Finley (1968) 1S that 

Sackrin' s model does not account for the interaction of the two 

var-iables. In consequence, Burt and Finley developed an alternative 

procedure similar to Goodman's (1960). The approach r-es ts on a Taylor 

series expansion. Thus, given the function Y = xl the 

Taylor's series expansion is 

y (2 . 15) 

where xl and x2 ar-e jointly distributed random variables with xl 

and x 2 , their arithmetic mean s . The mean of y can be obtained by 

taking the first mome nt of y such that 



E[y) 

The variance of y 1s defined as 

Var( y) 
2 E(y-E(y)) 

E[(x1-x1 )x2 +Cx2-x2 )x1+Cx 1-x)Cx2-x2 )-

2 
Cov ( x 1 , x2 ) ] 

x2var(x1 )+X1VarCx2 )+2x 1x 2cov(x 1 ,x2 ) + 

E[Cx 1-x1 )Cx2-x2 )- Cov(x1 ,x2 )] 2 + 

zx1ECx 1-x 1 )Cx2-x2 ) 2 + 2x2ECx1-x1 )Cx2-x2 ) 
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(2.16) 

(2.17) 

Given two pC"oducts of jointly distributed random variables, the exact 

expression for their covariance is given by Bornstedt and GoldbergeC" 

(1969). 

In equation (2.17), the first two terms aC"e the direct 

contribution of x 1 and x 2 to total variance. 1'11e third term 1.s 

the first order interaction effect. The last two tel."ms involve hig~e C" 

order cross moments than the covariance terms. Burt and Finley 0968) 

and Hazell (1982) stated that in most cases, the last two tel."ms are ' 

relatively unimpol."tant and their sum can be treated as residua l. 

Assuming the fourth term neutral, then the first three terms could be 

used to make asymptotic appl."oximations of the total variance. 

Offutt and Blandford (198 3 ) applied the Burt and Fin l ey method t o 

a ctual farmers l."evenue data for ten U.S. field crops. I n the study , 

revenue lS the product of price and output and the two variables are 

not independent. The re sult of the decomposition indica ted that price 

was th e most important s our ce of r e v e nue instability f o r eight of ten 

commodi t i e s . Al so the r e s ul ts s u gge sted that hi gh e r orde r t e r ms we C" e 
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often too large to be ignor-ed. However, the higher order terms are 

not easily interpretable in an economic sense. 

Burt and Finley (1970) noted an improvement u1 the approximation 

when linear trended data were used. Offutt and Bland fo rd observed 

that the improvement is outweighed by the loss of i dentity of the 

origin a l data upon which the Taylor's series expansion 1s based. The 

basic flaw of the Burt and Finley procedure is its inability to 

provide information on structural relationships. 

Hazell (1982) developed a procedure f or identifying sources of 

change in instability between two periods through the decomposition of 

multiplicative identities. The technique assumes t hat changes 1n 

variances 1s a measure of changes in · i ns tabilit y of the variables 

bein g studied, From equation (2 .1 7) , the fol lowing relationship can 

be used to express total variance: 

where R is the residual term. Equation (2.18) shows that means of the 

variables are involved . Therefore, their changes affect the change in 

t o tal variance. Similarly, the expectat ion of y g iven in equation 

(2.16) 1s influenced by changes in covariance between K 1 and x2 . 

Starting with equation (2.16) and taking period 1 as the base, Hazell 

derived the changes as fol lows: 

(2.19) 

In a similar way, the rela tionship for period 2 can be wri tte n as: 

( 2 . 20) 



31 

T~is can be rewritten as: 

(2.21) 

where 6 denotes change in the respective variable, that Ls, the value 

1n period 2 less that in period l. Changes tn the mean of y over the 

two periods LS gtven by: 

6 E[y] = E(y2)- E(yl) 

x 16x2 +x26x 1+6x16x2+6Cov(x1 ,x2 ) (2.22) 

The first two terms tn equation (2.22) are t~e direct effects. T~e 

third and the last terms refer to interaction and changes in 

v ariability of x 1 and x 2 , resp ec ti~ely. Foll o wing a similar 

procedure , the variance of y, Var(y), can be obtained. 

Hazell (1982), using the above methodology, analyzed instabilit y 

tn Indian food production. He examined the fol lowing propositions: 

1. The development of less risky technologies is a direct way 

of alleviating production instability in India; and 

2. Inst abil ity can be red uced t h roug h stabilization of 

year-to-year adjustments in cro p cereals sown, 

The re s ult s indicated large increases in yield and area-yield 

correlations betwe en crops. Consequently, the first p ro posi tio n wo u l d 

be a useful target fo r farm or microlevel stabilization policies. The 

presence of high intercrop and interstate correlation would r educe the 

effect ivene<;s of the second proposition when the whole of India LS 

considered. These obse rvations suggest tha t instability could be 

redu c ed by t aking advantage of the covariance to a llocat e produc t ion 

in a more risk-efficient way . 
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In a comparative study between the instability in Indian and 

United States' cereal production, Hazell (1984) attributed the 

increase in yield covaciances in India to increased adoption of 

improved production technologies. 0 t h e r sour c e s o f v a r i ab i 1 i t y 

include increases in price variability, unpredictable cainfall 

patterns and unstable supplies of inputs. For the U.S., the 1ncrease 

in total cereal production was dominated by increases in means and 

var1ances of yields~ The increase<> in interstate yield correlation 

were restricted to cocn. This could be attributed to the narrowing of 

the crop's genetic base. 

Hazell (1985) applied the same procedure 1n an attempt to 

identify sources of instability in world cereal production. The most 

important sources of total production instability were increases in 

yield variances, intercegional yield correlations for the same crop 

and different crops, and a decline in yield-area correlation. As 1n 

the earlier two studies, the authoc suggested a more detailed study to 

identify fully the sources of these changes. Again, Hazell's model 

does not present any information on unde r lying cereal production. 

Piggott (1978) outlined an alte rnative method of decompos iti o n. 

It involves apportioning total variance of gt"oss revenue into 

components that are attributable to demand and supply variability and 

the v ar iability of the interac tion between demand and supply. The 

model as s umes linearity in the demand and supply functions. Constant 

slopes over time and additive disturb ances as shifters are also 

assumed. Demand and supply functions are estimated and equi 1 ibrium 

v a l ues a c e det e rmine d from wh i c h gross reve nue , e xpressed a s produ c t 

of equilibrium pri.ce and quantity, is derived. The a nalysis yie l ds 
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similar results as the Bur t and Finley approach for p rice elastic 

demand and perfectly price inelastic supply. 

Piggott's procedure cannot be used to identify composition of the 

shifters. Moreover, the assumptions are too restrictive to be 

usefully applied to agricultural production and marketing studies. 

Murray (1978) applied the decompos ition of identities procedure 

to identify the source of export earnings instability for several 

countries. Assuming that the variables were normall y distributed in 

logarithms, the variation 1n export earnings (E) were decompos ed i nto 

price and quantity components from the identity: 

Var(log E) Var(log P)+Var(log Q)+2Cov(log P,log Q) ( 2 .23) 

The s1gn of the covar1ance term, posi tive or negative, indicates 

whether: the variations in supply or demand, respectively, have been 

the ma1n source of instability. The result .c; indi ca ted that supply \¥a s 

the pr 1 ma ry c;our ce of instability. Furthermore , earnings instability 

was relatively unimportant where price volatility was the dominant 

factor:. Similar analysis based on indi. IJ idua l commodities sup ported 

the above results (Riedel, 1983). 

Corden (1974) stated that tn a situation where supply instability 

1s gene r a l to the economy, not limited strictly to export commodities , 

and the authorities have no fore s ight, '>eco nd-best policies designed 

to stabilize the economy , suc h as an ex port tax , may not b e 

appr o p ria te. The models reviewed thus far are analytically c;ilent on 

thi s i ssue . 
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Market Models of Instability 

Market modelq of tnstability have appeared Ln two basic 

categories: Partial or Marshallian framework and the genera l 

equilibrium approach. Most of the studies on com modity price 

stabilization fall into the former category. The complexity of 

modeling in s tability in a general equilibrium frameworlz LS reflected 

by the few studies that started with the work of Brainard and Cooper 

( 1968). Recently, Jabara and Thompson (1980) specified and 

empirically tested a general equilibrium model of agricultural trade 

for Senegal. The present study centers on the commerc tal sub sector of 

the Kenyan economy. Thus, this review of literature c oncentrates on 

partial rather than general equilibrium. 

The Waugh-Oi-Massell Framework 

The ear ly theore tical framework for analyzing pr ice stabilization 

within a partial-equilibrium framework was advanced by Waugh (1944), 

Oi (1961), and Massell (1969, 1970). Waugh used the conceJ=>t of 

co n s ume r surplus t o examtne the effects of price inst ability on 

cons umers of agricultural products. Assuming that cons umers purchased 

more at low prices and less at high prices, Waugh concluded that, for 

a given unstable demand and supply situation, con s umers wo uld benefit 

from instability. Oi arri ved at similar conclusions fo r produc e rs 

using the producer surplus concept. The model pre sumes that producers 

respond instantaneously to price changes. Schmitz (1984 ) stated that 

similar results could be obtained by assuming that the expect ed prices 

a nd quantities are r ealize d . 
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Both Waug\1 and Oi models consider consumers and producers of 

agricultural products separately. Massell (l969) demonstrated that 

instability 1s not beneficial to either group if they are iointly 

c o n s i d e r e d a n d t h e s u p p 1 y a n d d e m a n d c u r v e s a r e n o t pe r f e c t 1 y 

inelast i.e. Linear supply and demand curves and additive disturbances 

are assumed. A complete costless price stabilization scheme is 

optimal to society as a whole. However, this 1s not usually 

achievable. Consequently, the effects of partial pr1ce stabilization 

strategies have been studied. In this context, Massell (1970) and 

Just, Schmitz and Turnovsky (1979) utilized buffer stock as a policy 

act ion and assumed a linear adjustment rule in their studies. The 

oresence of asymmetric market conditions understates the validity of 

the rule. 

Extensions of the Waugh-Oi-Massell Approach 

In a graphical exposition, Schmitz (1984) explained the effects 

of a nonlinear demand curve with supply as the source of instability. 

The results indicate that for a sufficiently nonlinear demand curve, 

consumers would gain from stability while producers would los e f rom 

it. These contradict the findings of Massell (1969). Also, converse 

effects are obtained for the case of a sufficiently nonlinear supply 

c urve when the demand i s the source of instability. Nevertheless, t he 

net effect 1s positive when both groups are considered jointly. The 

policy implications of a non-linear demand curve a re expressed i n 

Hi 1 lman, Johnson and Gray (1975) and supported by the fi ndings of Jus t 

et al. (1978). In thi s con t e xt, a steeply sloping demand curve at 

h ighe r price s while sha llowly slo ping at lower prices, would l ead t o a 
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change 1n storage policies from those favoring producers to those 

which are beneficial to consumers. 

Turnovsky (lg76) eKtended Massell's approach to include nonlinear 

demand and supply and multiplicative disturbances. The results 

indicated that, unlike the additive case, the need to stabilize prices 

depend upon the deterministic component of supply and demand curves 

rather than the source of instability. 

Hueth and Schmitz (1972) eKtended the basic !,Jaugh-Oi-Massell 

framework to international trade where external markets are unstable 

and internal supply reacts instantaneously to price changes. The 

study did not consider the effects of price uncertainty or the 

cyclical behavior of prices. Their findings suggested that consumers 

and producers prefer instability when its source is external to the 

country. However, countries taken together prefer price stability. 

Just et al. (1978) found that, for nonlinear demand and supply 

functions, importing countries were likely to gain more from price 

stabilization than exporting countries. 

The free trade assumption of the Rueth-Schmitz model was relaxed 

by Bieri and Schmitz (1973) through the institution of trade 

restrictions. Specifically, the study looked at tariffs and the use 

of marketing boards that introduce less than perfectly competitive 

marketing conditions. The intriguing resu l ts were: 

1. If trade 1s re s tricted by tarif f s, and the sour c e of prtce 

instability lS abroad, the importing country benefits from 

price stability. 

2. If trade lS restricte d by ma rk e ting boards and t he sou rce of 

instability rematns external, the importing country lose s 
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from price stabilizat i on. 

Implicitly, the latter propos i tion provides an approach to alleviat i ng 

producer risks in an exporting country through the use of marketing 

boards. 

Just et al. (1978) modified the 11ueth-Schmitz model to i nclude 

distorted trade situations with nonlirrearity and a lternative form s of 

stochastic disturbances. Policies leading to this form of imperfec t 

trading conditions, commonly prac ticed in western Europe, imply tha t 

domestic commodity prices are insulated and instability is transferred 

to the trading partners. Thus, consumers in importing countries lose 

from instabilit y while producers in exporting countrie s gain. Various 

government intervention policies on pric e instability were studied by 

Bale and Lutz (1979). Their main conclusion was tha t governments are 

primarily interested in domestic rather than global stability. 

The welfare e ff ect s of storage unde r a productio n cartel hav e 

been anal yzed by Young a nd Schmi tz (1984). With r efe r e n ce to the U.S. 

mi 1 k industry, the imperfect market situation is generated by presence 

of large producer co opera tives a nd marke ting orders. l n this case, 

price stabilization th ro u gh the use o f buffe r s tock LS c ur ta il e d. 

Resul t s suggest that the gove rnment s h ould allow storage and insti tut e 

pan - territorial pricing, that is, a uniform prLce c ountry-wide . But, 

the sensi tivity of the conc l us ion s to the assumpti o ns about the demand 

fu ncti on n ecessitates e mpirical analysis as a basis for det erminin g 

the relevant a ssumptions . 

Konandreas a nd Schmit z ( 197 8) applied the Hueth-Sch mi tz mode l t o 

study the we lfar e i mpl icat i o ns of grain pr ice stab i lizat i on in the 

U. S . Th e findin gs in dica t e d that price stab il ity of the feed grai n 
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sector benefit'> both consumers and producers tn the aggregate. 

H f t , wh t "ector the results were not conclusive owever, or ne ea ~ , 

although they tended to suggest that price instability in the wheat 

sector is desirable. 

Zwart and Meilke (1979) compared effects of changing domestic 

policies and buffer stocks on prtce stability of the tvorld wheat 

industry. They concluded domestic pricing policies have more effects 

on instability than policies based on buffer stocks. On a similar 

issue, Sarris and Freebairn (1984) demonstrated the aggregate impact 

of domestic intervention on rJ.ce trade. On average, they lead to 

artificial 1.ncreases 1n world price and an tncrease in instability, a 

conclusion arrived at by Bigman (1979). Furthermore, major rice 

producing countries have the most leverage on world rice prices. 

Small producers, although large in terms of rice exports, have a 

lesser influence on price. 

Subotnik and Houck (1976) analyzed welfare implications of 

stabilized consumption and production. They demonstrated stabilized 

consumption is the least benef icial in terms of welfare. 

Th e ba s ic assumption of the Wa ugh- Oi-Mas se ll framework i. s that 

producers and consumers are risk-neutral. The model captures transfer 

gains but not risk-response. Just (1975) found that 1vith the 

exception of strongly regulated crops, risk is an important factor i n 

explai ning producer supply response. Just and Hallam (1978), o n the 

same issue, concluded that a price stabilization policy should depend 

on the identification of important risk preferences . Recently, 

Qui.ggin (1983) st udi e d the effect s of different sources of ri sk i n 

wool prices on the risk bo rne by u sers . He conc luded that the 
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long-run effect'> of price stabilization is to decrease risk faced by 

wool producers and increase that faced by u<Jer<J if the m8jor sources 

of risk are fluctuations in final demand or exchange rates. 

Studies on exchange rate volatility have been inconclusive. 

Akhtar and Hilton (1984) 1n a study of international trade in 

manufactured goods for West Germany and the U.S., concluded that 

uncertainty tn the nominal exchange rate had a statistically 

significant impact on trade. Gotur (1985) extended this model to 

include more countries He demonstrated that Akhtar and Hilton's 

results were not universal. Schuh 0974) argued that an overvalue d 

ex:change rate can influence the need for government intervention 

policies. McCalla and Josling (1985) succinctly show the importance 

of the exchange rate in international trade and development. 

V a n K o o t e n a n d S c h m i t z ( l 9 8 5 ) i n c o r p o r a t e d p r od u c e r p r i c e 

uncertainty into the ba s ic Waugh-Oi-Massell framework. As stat e d 

ear 1 i e r , this approach considers only price instability. The 

following results were found: 

1. The Waugh-Massell case always overestimates the true gain to 

society from pr1 ce stabilization. 

2. The Oi-Massell case suggests that pr1c e 8tabilizati.on 1'3 

Pareto-optimal. 

Regarding food-gr a in con s umpt i on 1n developing countries, 

Re utli.nger (1982) concluded that unstab l e dome st ic consumption is 

attributable to internal and not external pr1ce or supply instabi l ity. 

Bigman and Reutlinge r Cl979) and Bigman (1982) studied the impac t o f 

trade policy on f o od in sec uri t y. T h e y s how e d t hat mo r e trade 

liberalization alleviates food insecuri t y than does protectioni s m. 
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Valdes (1982) supported Reutlinger's (1977) argument that the 

instability problem for less developed countries (LDC's) stems from 

fluctuations 1n real income within the LDC. Valdes argued that the 

availability of foreign exchange to import food when required is 

important for the stability of food consumption. Concerning food aid, 

Reutlinger (1976) observed t hat within limits, additional economic 

benefits from storage without food aid are sufficient to change a net 

loss to a net gain for society. In this case, storage !:"educes the 

cost of food a id. 

The Newbery-Stiglitz Approach 

Newbery and Stiglitz (1981) provided a systematic p rocedure for 

asseo:;s ing the desirability of pr1ce stabilization through the use of 

buffer" stocks. They asseLted that the relevance of policy analysis 

depends on the identification of the variable s to be measured. On 

specific pr1ce stabilization proposals based on the Wau gh-O i-Mas se ll 

approach, their contention is that such policies have less benefits in 

situations where risk plays arr important r"ole as in the case of most 

developing eco nomies. 

following aspects: 

Specifically, their study centers on the 

1. effects of risk and uncer"tairrty on cons u mption and 

productions; and 

2. th e .st r"uctur e of policies th at a r e implement e d by 

decision-maket:"s in re s ponse to the unstable errvironment. 

Newbery and Stiglitz showed that under" certain situations, pric e 

stabilization leads to inc ome instabilit y a nd if a price s tabil i z a ti o n 

policy 1'5 to be effective, it has to redu ce producers' risk . Among 
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other issues, the authors argued that producers are basically 

concerned with the costs associated with commodity instability. These 

cost s "are better measured by income variability, which will also 

depend on supply variability. Moreover, the. impact of stabilization 

schemes depends quite sensitively on the location of the source of the 

instability, which may vary from place to place" (p. 289). 

Consequently, the problem of what to stabilize is empirical and 

location specific. 

Bigman (1985) developed a simulation model fo r analyzing food 

prices under instability. Noting the effects of producer 1ncome 

instability 1n rural areas, and without referring to any country, 

Bigman analyzed the impacts of alter:-nati.ve producer price suppor-t and 

stabilization programs For a closed economy scenario with risk 

neutral producer:-s, minimum price supports, government procurement 

p rog rams , guaranteed 1ncome and buffer stock policies effectively 

e liminat e producer income ri.sk; Under similar production assumptions, 

but 1n an open economy, the policies are also effective at reduci ng 

income risk. With risk-averse producers in a closed economy, the 

p oli cie s contr-ibuted to greater output and decreased me a n price s. 

However, 1n this case, producers' 1ncome depended on the price 

elasticity of demand for the commodity. 

For internationally traded commodities, Bigman reconsidere d the 

issue, first raised a nd analyzed by Newbery and Stiglit z , that wi th 

risk-averse producers and incomplete risk market->, free trade may be 

Pareto-inferior to no trade. His simulation analysis showed the a bove 

c o nclusion a pplies to price e l asticity of dema nd v a lues tha t a r e a bove 

0 . 6 . At lower values, autarky is Pareto-infe rior (to farme rs) to free 
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trade. Nevertheless, if substitution is possible, the producti.on 

stability of the substitute and its price elasticity of demand would 

be important determinants of optimality. Like Newbery and Stiglitz, 

Bigman (1985) concluded that the issue is essentially empirical. 

Producers' Expectations 

The above literature assumes producers have perfect foresig'<-lt on 

prices and quantities. But, agriculture abounds with cases where 

there is no such ex ante information. Concerning formation of prtce 

expectations, Turnovsky (1974) considered two formulations: adaptive 

and rat iona 1. 

In the adaptive expectation mechanism, produce rs supply decisions 

are based on anticipated prices as follows: 

+ v 
t 

(2.24) 

where p* 
t 

l.S the a n t i c i p a t e d · p r 1 c e at t i. me t , v den o t e s e r r or t e rm • 

The hypothesis about the formation of expectations is defined as 

p* 
t 

p* 
t-1 O<'Y <l (2.25) 

where 'Y denotes the coefficient of expectation. Equation (2.25) 

postulates that expectations are revised each period by a fraction 

of the foreca s t error of the p revious period. 

Turnovsky 's study demonstr-ated that conclusions arrived at by Oi 

on the effects of price stabilization do not hold univer:sally. The 

conclusions depend on the celative slopes oE the demand and su pply 

curv es, t h e l eng th of the lag in the f ormati.on of e xpe ctations, and 

the autoregr-essive pr-operties of the error term. The ~.Jaugh r-es ult:;, 
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ba sed on consumer surplus, still held. Neverthe le ss, prtce 

stabilization leads to an overall welfare gain despite the loss by one 

group. 

In the rational expectation hypothesis, pn.ce formulation can be 

defined as 

(2.26) 

where Et-l defines conditional expectations at the time t-1. 

Accordingly, producers are rational if their predicted prices for 

period t are equal to that predicted conditional on all information at 

the time of forecasting. This approach eliminates the ad hoc nature 

of the extrapolation existing tn the adaptive expectation hypothesis 

(Bigman, 1985). Rational expectations, tn the sense of Muth (1961) 

assume that producers behave as utility- and profit-maximizing agents, 

operating in a perfectly competitive world. 

Based on rational price expectations, Turnovsky (1974) 

demonstrated that: 

1. There was an overall positive gain tn welfare. 

2. If the source of instability is random s!tifts tn the supply 

curve, consumers lose from prtce stabilization policies. 

3. If the source of instability is the random shifts i.n demand, 

produc e rs lose from price stabilization. This t s true 

whenever the random disturbances -3.re not autocorrelated. 

Thus, whether the Oi f ramework t s applicable to this group of 

deci sion-makers or not depends on the way expect-'ltions a re f ormulated. 

Hazel l a nd Scandi z zo 0975, 1977) ar gue a nd demonst r ate tha t in 

risky production environments, wher e output va r iati.orts are 
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multiplicative and output decisions are based on price expectations, 

competitive markets are socially inefficient. If decisions are based 

on expected unit revenue s rather than price, the inefficiency is 

eliminated. Revenue expectations account for the joint distribution 

of prtce and output. The authors found that if production 1 s 

undertaken 1n risky conditions, revenue expectations lead to less 

output than prtce expectations Consequently, optimal policy 

formulations should be based on empirical studies based on the nature 

of production risks and the formulations of expectations by producers. 

In line with the argumen ts put forward by Hazell and Scandizzo, 

Bigman (1985) asserted that a producer equates his marginal cost , 

which 1s detel"ministic, to the expected price less the risk premium. 

The risk premium ts as s umed to be proportional to the variability of 

the unit revenues and price format i.ons Eo llow the adaptive expect at ion 

hypothesis. 

Chapter Summary 

A review of majol" contributions in instability studies has been 

present e d. The first sect ion described the metl-todologies that have 

been put forwal"d tn an attempt to measure t he degree of inst abi lity tn 

time sertes dat a . In the second part, specific market models of 

instability and theil" e xt e nsion s were surveyed. 

It wa s sho wn that the problem of measuring inst a b ility ts yet t o 

be resolved despite the larg e number of indices that have been 

developed. The ba sic problem concerns what instab ilit y reflects. 

G e 1 b ( l 9 7 9 ) s t a t e s t h a t i t s h o u l d b e t r e a t e d as a me as u r e on a 

f ilt ere d stocha s tic pr ocess . Newbery and S t iglit z a ssert that common 
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indicar: ors c o uld b e relevant if. the y could measure medium period 

fluctuation s . 

Where random variables are identity functions of other variables, 

sta tistica l decomposition provide s a means for ide nt i f y ing sources and 

the degree of instability of their components. The identities may be 

additive or multiplicative. The decompo sition of multiplicative 

identities has drawn a lot of interest because of po licy implications. 

Goodman (1960) developed the procedure for decompos ing i d entities. 

Thi s wa s popularized among agricultural economists by Burt and F in l ey 

(1968). Decomposition of identities lS undert3.ken wit1ou t any 

explicit assumption of the underl.ying structural relationsh ips. 

P iggot t ( 1978) outlined an al te rnative me thod tha t consider s the 

stru c tural r:elationshi.p but it involves restrictive assumptions t h at 

limit its application in agricultural studies. 

Waug h (1944), Oi ( 1 961), and }ofassell (l969, 19 70) advan ced the 

basi c risk - ne ut ra l theoretical ' framework for sectoral analysis of the 

effects of instability. The concept of consumer and producer surplus 

1s the basi s for the anal ysis . With prod uce r price uncertainty 

co upled with inst abi lity, the Wau gh- Oi-Masse ll produc t ion mod e does 

not hold, In an alternative framewor!< , Newbery and Stiglitz (1981) 

ar gue that produc e r s are basica lly conce rned with costs associa ted 

witl-J commodity instability. Thus, stabili za tion measures a r e locat ion 

spec ific a nd th e r e for e wh at to stabil i ze i s an e mpi r i cal proble m. 

This propos ition is s upported by Bigman (1985). 

Stu d i es o n expectat i ons , 1n th e context of ins tabili ty , have 

re volv e d around ad aptiv e and rationa l price e xpec t a t i ons . However, 

und er ri s ky pr oduct i.on conditi.ons, s oci.al l y ?.fficient markets are 
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obtained when the expectations are based on unit revenue s rather than 

pr1ce. Hence, information on producer's production conditions and his 

formation of expe ctations are essential for optimal policy formulation 

(Hazell and Scandizzo, 1975, 1977). 

The stock of litet"ature on instability emphasizes empirical 

findings as bases for appropriate policies on stabilization. There is 

an empirically determined informati.on gap on income instability where: 

1. agricultural producers are risk-averse; 

2. government intervention LS preva l ent; 

3. producer-s face both open and closed econom1c situations 

depending on the commodity they produce; and 

4. commodities are functionally related in terms of their 

resource r-equirements so that income instability affects all 

commodities in one way or another. 

These are common phenomena in Kenya and mos t countr-ies. 



Cl-{APTER III 

METHODOLOGY 

Introduction 

In this chapter, an analytical framework for studying income 

instability in Kenya's agt:"icultut:"al sectot:" ~s presented. In 

developing the frame1mrk, key components J:"elevant to the analysis of 

~ncome instability are identified . 

these components are discussed. 

empirical analysis are then addressed. 

Theot:"eti.cal is s ues pet:"tain i ng to 

The pt:"oblems associated with 

Tl-} e fit:"st section of tl-tis chapt er provides a theoretical basis 

for the analyc;is of demand, supply and government intervention 111 

markets fat:" agt:"icultural commodities . Empirical models are specified 

~n the second se c tion. A model for detet:"mining an appropriate measure 

of earnLngs instab i lity of agr i c ultural exports LS presented. The 

cl-}aotet:" closes witl-! specification of an economett:"ic simulation model. 

The components of Bigman's (1985) simulation model are outlined a nd 

g iven limit e d theot:"etical tr ea tm e nt. Rel eva nt variables to be 

included 1n the pr esent study a r e spec if i ed . Thi s simu l atio n model 

will he us e d to evaluate the impact s of pt:"edetermined pol icy 

instrume nts ou pro ducers' income i01 s tability . 

47 
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Analytical Framework 

This section describes three components of agricultural 

production and trade that have a strong impact on 1ncome of 

agricultural producers. Supply, demand and gove rnme nt intervention 

components are not mutually exclusive. However, they are described 

in depende ntl y for ease of exposition. The focus is on how the 

comoonents work to create i nstability from farmers' pers pectives. 

The Supply System 

The supply system considered 1n this study is compo<;ed of 

agricultural commodities that are produced for either the dome st ic or 

expor-t market. Crop production for the domestic market is mai ~ ly a 

seasonal activity. Expor-t croos are perennial and usually involve 

long term investment in land. However, even perennial crops have high 

short run s upply elasticities as producers have cons id erab l e 

flexibilitv to change variable inputs and thus the re lated output. 

Keny a n agricultural pr o ducers are fa ced \..rit h r isky produc t i on 

and, to a l esser extent , prices . It follows, the refore, that incomes 

der-ived from agricu ltural commodities ace also risky. The weather, H l 

particular rainfalL, lS a major:- determinant of o u tput .in Kenya. 

Prices of most domestically marketed agr i cul t ural commodities, 

espec i a ll y foo d c r:-op s a n d mi lk, are s e t by the gover nme nt at the 

beg innin g of the season . Never theless, the presence of non-price 

factors s uch as delays 10 payments and co ll e ctio n costs r ep resent 

unce r- tain effe cts on th e announced price s. This c rea tes deviat i. on 

between announced and re a lized pr1ces. Mo s t e xport crops face a fr:- ee 
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m a r '< e t s i. t u a t l o n • Specifically, producer ~r1ces for coffe e and tea 

reflect world pr1ces. 

Producers may be less concerned with price stabilization than 

1ncome stability. Price stabilization doe s not necessarily lead to 

income stability because of yield variation. Fixed pr1ces prevent 

producers from compensating for poor harvests by 1-Jigher pr1ces. 

Confronted with uncertain production and subse qu ent income 

1n~tability, risk-averse f armers commit r esou rces based on 

e x pe c t a tions about future income streams. 

Supply analysis centers on how Kenyan farmers formulate income 

expectations given stochastic yields and prices when government 

p reannounced pr l ces are s ub.iect to random shocks. It is c ommonly 

bel i.eved that prev1ous exper1ence plays important ro les in the 

f o rmation of expectations. In general, producers wish to earn more 

inco me if the incre ased income can be obtained wi t h a t o lerable l eve l 

oE risk. The level of tolerance vari~s with the individual producer . 

In their quest for higher incomes, producers attempt to avoid t he 

~oss ibility of occasio nal high l osse s (Perrin, e t al. , l g76) . l n 

other words, producer s eKh i bi t the usual rational behav i o r th a t mor e 

ts preferred to less but wit h the restriction that income instabilit y 

ts minimized. Occasional los s es a ccrue f rom fluctuations 1n vield s 

and price s. 

Scandi zzo et al. (1984 ) suggested that farmers fac in g risky 

product i o n conditi o ns may be ma k ing decisio n s based on expected 

revenues r a ther than expect e d prices . This appr oach adds r e al i s m fr om 

e xp l ici t r e c o g ni.ti.on o f the joint prob a b i li t y di s t ribut i o n be twe en 

o ut pu t and p ric e s . Hhere p l:'oduc e rs have p r 1or i nforma tio n about 
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f dl. ty tt..e maJ·or source of Lnc ome instabili.t y pr1ce, Pt, o. a comma , ' 

becomes its yield. 

T 0 d e m 0 n s t r a t e t he e f f e c t s o f t he a b o v e a s s u mp t i on s , c on s i d e r a 

single product market in which demand is deterministically related to 

the product price as 

(3 .1 ) 

where Dt and Pt denote demand and prLce, respectively, during 

period t, Producers are co n fronted with a producti.on function with 

multiplicative disturbance terms of the form 

h ( Q* E: ) 
t' t 

(3 .2) 

where Qt denotes the quantity produced. * I Q LS t h e producers 
t 

planned marketed surplus, that is, total output less self-consu~oti.on, 

and l s the realized stochasti.c yield. Given previous knowled ge 

about the distributi o n of yiel.d under normal circumstances, the 

anti.ci.pated yield may be s p e c i f i.e d as E 1' = S [ E l. 
t 

If the random 

variable P~ represents expected returns, which i.s consistent with 

uti.lity maxi.mi zi. ng criteria of producer s , then the planned mar:<eted 

surplus Q~ becomes a nonstochastic function of P;. 

Domest i.e supply of comme r cia l food crops and livestock produc ts 

depends on the marketed surpl us, In Kenya, the surplus may be viewed 

111 two ways. It could be considered as product i n excess of the 

producers 1 domest i.e needs lvhich is sold to the relevant marketing 

agency. Alternat i.v e ly, i.t could be viewed as excess resou r c es set 

a side by th e produ cer- for the production of the market e d commod it y , 

af t er mee ting r-e quirements for domestic needs . The former definition 
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1s commonly employed 1n literature. 
J( 

In any case, Q~, the planned 

·'· supply to the market ts a function of the a n ticipated prtce, P~, 

other things equal. 

Sandmo 1 s ( 1971) ~•ork on the theory of the fi r m under risk 

suggests that farmers equate their certain marginal costs to expected 

marginal revenue. Following Scandizzo et al., the aggregate suppl y 

function can be defined as: 

S E: A 
t t t 

( 3. 3) 

wh ere St ts the actual quant i.ty supplied at P;, At 1.s t h e a r ea 

allocated to the produc tio n of the commodity whi l e the determinist ic 

component of the supply 1.s given by A 
t 

As indicated in 

Chapter I , the avai lability of arable land under e xisting technology 

is a major co n straint t o spatial expans ion of production i n Ke nya . 

Hence, one could assume that planned output ts directly related to 

anticipated * p r i. ce , Pt. Assume normal ly distributed random variab les 

s 0 that F.: ( E ) 
t 

Cov(P;, E t)=O. 

a nticipated supply 

= a 2 Cov( E , E 1 ) 
t t-

0, and 

St c a n b e e v aluated at it s means to y i e ld the 

As sum ing pr od ucer s equate mar g ina l costs to expected marginal 

re v enue tn fo rmulating supply , then differentiating t otal revenue, 

given as D S 
' t t' with res pect to anticipated out put yield s 

p 8 s /8 s '" t t . t 
( 3. 5) 
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Us ing equa tions (3.3) and ( 3 . 5 ), it ca n be s hown that 

Since Pt does not vary direc t l y with s;, t hat ts, 

(3.7) 

then expected mar_ginal revenue 1s 

Equation (3.8) can be simplified further b y noting that 

The s implified f o rm L S thus 

(3.10 ) 

Ear li. e c, Et was d ef in ed as c eal i ze d s toc hastic yield a nd P t 

as ac tu al p r ice . T h e r efore , t h e expe c tatio n of unit r e venue , Rt ' 

s t a n d ar dized by mea n y i e l d 1.1 L S r ep r ese n ted b y E[P t Et ] /-w . Sin ce 

E [ Et / 1.1 ]=1, the n i.t is obviou s t h a t 

(3 .11 ) 

a n d t h us produ ce r s f ocmula t e t heir expec t a tions base d on u n it revenue, 

t h a t 1 s , p r i c e t i_ m e s y i e 1 d d i vide d by me an y i e 1 d . \-1 i t h a n as s u me d 

dow n ward sloping dema nd c ur v e , y i eld and realized pr1 ce ar e i nve rse l y 
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related. T!,erefore, the co va r iar1ce t e rm 1.0 equa t io n (3 . 11)) i s 

neQ;ati.ve, i mply i ng tha t P~ < E [ P t ) . Hence , ;;Int i. cipated prices a r e 

le ss than the expected prt ce . 

Tlte a bove a nalysis s uggests t h a t revenue measured as the prod u ct 

of o u tput and pr t ce, p l ays an important role in the assume d market 

situation. Using equation (3.1 1 ), Bigman (1985) showed that the 

h i gher t h e varia b ility of outpu t, the higher 

sma l le r the a r ea set as i de f o r product i on. 

the pr 1ce, p * 
t , and the 

T\-je fi n di..ngs of Sand mo (1971) a nd Ishii (1977) indica te that a 

risk - ave rs e decis i on maker de t ermines his or her optimal output by 

eq u at i. ng the margina l cos t s to a price lower th a n the mean pr i ce. The 

difference i.n price r e pre s en t s the risk pre mium. Risk pre mi u m can be 

represented by t h e c oef fic ie nt of variation o f prod u ce rs income 

(Bigman, 1985). Risk premium at time t i s derived as follows : 

RP t (l + a I y) (3 . 1'2 ) 
y 

whe r e (J L S the standard e rror of y . The variance, 02 
' 

of y lS give n 

by 

2 n - ? 
(J l: ( y - yt)-

y . l t n t= 

1 n 

y t l: y . (3 . 13) 
n+l j=O 

t - , 

and yt lS the pro ducers 1 tncome at t i me t . 
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Th e Demand System 

T\-je demand system facing the stx c o mmoditie s bei ng consider-ed in 

t"le study can be divided into two cate gories: domesti c and for-eign. 

Domestic demand could be fur-ther- divided into income groups s1 nce 

pr1ce ela s ticities will of ten chan ge wi t h changes in income. In 

Kenya, the basic foodstuf f s, matze wheat and l i q uid milk, .'.Ire 

g e nerally consumed by all income gr-oups T\-jis study focuses on 

agricu l tural production a n d tr ade . Al l mar keting tr-ansactions 

concerning the commodities are controlled by the ::;overnment through 

its marketing agencies 

pre-announced p rice. 

demand a t th a t price. 

The marketed surplus i s pu r c hased a t a 

T11us, the p r oducers face a per fe ctly elastic 

lletail price;; for the major s tapl e food commodities are under 

g overnme nt control. Marke ting boards tr-anspo r t the c ommodities with in 

the count ry s o as to stabilize their s up p l y . In times of shortage, 

t he board supplements domestic supply with impor-ts. Consumer prices 

are se t so as to r e f 1 e c t producer pr ice s plus pro c e s s in g a nd 

distribution cost s . The g ov ernm e nt 's p o licy h as bee n to ad j ust 

domestic stocks an d i mp or t s to ma intain ore-annou nce d cons u me r and 

prod u cer prices. 

'Recently, Ba r nu m and Squire (197 9) and Ahnet -'1 1. (1981) argued 

that tn a semi-co mm e r c i a l agric ulture commonl y found in deve l ooing 

countries, th e two c omp o n e nts a re interdependent. To capture this 

re l ationship, mo de lin g procedure s shoul d in tegrate both produc tion and 

con s umpti o n within a s ing l e theo r y of hou s ehold behav i or . Ahnet al . , 

us1 n g a n integra t e d approach f ound t h at , for a g ive n output r esponse, 
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ir1creased pric es reduce marketed surplus respo r1se because the d'=mand 

for s elf-consumpti o n of farm out put incre ase s . 

. Standard t ex tbook consu'Tler theory suggests that household 

consumption of a no rmal good decr ease s with a rise in its price. But, 

1n a semi-commercial agriculture an increase in price leads to a ri s e 

1 n in come levels for producers. Tl-Je r1se i.n income is attributable to 

the increase in value of the marketed surplus. Tlte change U\ 1ncome 

lev e ls affects households' consumption and expenditure patterns. That 

is, a slti Et 1n the budget c ur ve occurs 1n additior1 to the usual 

c h a n g e s 1. n i t s s 1 o p e as s u g ge s t e d by the o r y . Lipton (1970) reports 

tlaat price stabilization of major foodcrops may de s tabilize the 

revenue of f armers with marketed s urp lus; Thus, tl-te problem of what 

to stabilize remai ns esse n tia l ly unr eso lved. However , policy 

objec ttv es provide a g uide as to the most appropriate polic y 

in s t r u me 11 t • 

In Ken y a, produc e rs of agricult u ral surpl,Js for do mes tic 

consumption form a significant proportion of consumers. From the 

above observations, one could postu lat e that to in c rease the supp l y of 

ma c'o<.et ed s ur pl us, the government needs lower consumer p r ices. \lte 

a ppr o?C 11 l e ads to govern me nt s ub s idie s to maintain h i gh prod u cer 

prices a nd lol• consumer prices simu l t"!neously . The do me stic d e mand 

sys t e m induce s instability in producers' income , g i ven the stochastic 

natur e of y i e lds and cational government behavior ~.,rhi ch a ttemot s to 

mLntmtze the government subsidy. 

Th e demand fo r coffee, t ea 3nd sisal ts basica lly ext ernal, wit h 

dome s t i c demand i n s i gn if i c ant . S ince Kenya h as no c o ntro l over the 

i. n t e r n a t i o n a l m 3 r '< e t , p r o d u c e r s f a c e an i n E i n i t e l y e l a s t i c Eo r e i g n 
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demand a t the world price. P.rices received by Kenyan E.:nme rs reflec t 

t,rorld supp l y and demand sce na rios. The de cision t o gr-o~>l tl,e export 

crop depends on e xpectations about yields and wor ld prtces. 

Traditional economic theory indicates that free tr:ade v1or~s to 

stabilize price s . Tl-}e Marshallian fr-amework of Waugh , Oi and '1assell 

described 1n Chapter II, supports th e notion t hat free trade is 

Pareto-optimal. 'llowever:, as Newbery and Stiglitz (1981) demonstrate, 

the s ituat i.on may be r-eversed where producers i.n a compe t it i.v e e c o nomy 

face risky production condi tion s . 

In a closed competitive economy, where prices are inver:sel y 

related to marketed surplus and pr1.ce elasticities of d emand are 

uni tary, farmers ' incomes are always st able s1.nce pr1.ce 1.ncreases are 

o f fset by a decrease in quan t ity marketed. If the economy is ope ned 

to i nternat ional trade, prices are stabili zed so that any variation 1 n 

domestic output leads to instability 1.n producers ' i ncome . If income 

instability from the commodity 'exc eed s t~e tolerable limits, far-mers 

shift resources to less risky commodities in spite of unchanged mean 

1ncome . If excess domestic demand 1. s offset by impo r-ts, then the 

shift would no t raise the average pr1ce of t he commod ity . Bence, free 

trade make s them worse than no tr a de. 

Government I ntervention 

Most governments form ul a t e and implemen t domestic econom1c 

stabi liz ation p o l i c ie s vJi t h little explicit co nside r ation on g l oba l 

eco nom1c int eg ration. Po 1 icy instrume nts appear in several forms . 

Tariffs, l e vi es and manipulation of e x_c!1ange ra t e s ar e commonly us e d 

111 int e rnat ion al trade . For large trad in g coun tr ies or blocks o f 
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countries, such as th e U.S. or the European Economic Community ( E.C::.), 

the eEE e cts of such po licie s may have significant negative impacts on 

the welfare of sma l ler trading nations, particularly the developi n g 

non-oil exporting count r ies. 

Consider the impact of an appreciation 1n the domestic currency, 

the Kenya Shilling (KSh.), depicted 1n Figure 3. D a nd S denote 

domestic supply and demand, respectively. For a g i ven commodity, 

foreign demand and supply schedules are indicat ed by D~ and Sc. 
r L 

\.J i t h n 0 t r a d e , d o m e s t i c e q u i 1 i b r i u m p r i c e 1 s P k w h i 1 e t h e 

equilibrium pr1ce 1n a foreign market is Pf' As pr1ces increase 

above P, , domestic product ion would exceed domestic consumption . 
:< 

The excess supply function (S ) illustrated is the supply functi o n 
e 

of exports to the world market. In the r e st o f the wo r ld, a fa ll in 

prLces below Pf causes consumption to exceed production. An excess 

d e mand function, D ' e 
1S depicted. D lS the demand function fr om 

e 

the world mark e t. 

With trade between Kenya and the rest of the world and 

a b s t r a c t in g from t r ad e barrie r s and t ran s port at ion costs, the 

equilibrium pr1ce for Ken y a and th e r e st o f the world i s P • 
e 

L S the e quilibrium l e v e l of Ke nya ' s expor ts . Thi s is the s a me vo lume 

as the imports by the foreign importer. \.Jith an a ppreciation of the 

KSh., the export demand s c hedule rotates t o the l ef t. Hence, for a 

s t ::~ ted am o unt of Ke nya n goods, foreign impo r:-t e rs must sell more good s 

1n t heir currency to buy the same amount in Kenya currency. The new 

equili.br i um, p 
e re s ults 1n lower ex p ort s 1n Kenyan goods ( Q*) 

e 

a n d Ke nyan pri c es r:- e pr esent ed by P'. The pric e o f Ke nyan expo rt s 1n 

fo r:- e i g n c u rr e n cy LS g i v e n by p ' 
e Th e h i gher fore i g n ma rket o ri c e 
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decreases demand and increases suppl y tn the domestic market of the 

foreign country leading to a de cline tn imports by the rest of t h e 

world. A reduction in the volume of trade lo~;ers the domestic pr1ce 

in Kenya. This enhances domestic consumption but by less than the 

decline tn exports. If changes in the exchange rate are transmitted 

to both producers and consumers, then the quantity traded wou ld be 

altered. Where domestic demand is insignificant, volatility Ln 

exchange rates enhances producers' tncome instability. 

As for domestic sales, the Ke nya government intervenes directly 

through prtce supports and marketing controls. Tl:le basic objectives 

are to maintain a broad self-sufficiency position 1n foodstuffs, a 

reasonable degree of security 1n food supply and equitable 

distribution of foodstuffs. Notwithstanding the need to safeguard the 

interests of farmers, the government recognizes the importance of 

trade in ma jor export crops. ~xports play a n indispensable role Ln 

f o r e i g n e x c h a n g e e a r n i n g s t h a t p r o v i d e t he n a t i_ o n w i t h imp o r t 

capabilities. In this way, variability in export earnings has an 

im p act on consumer demand, either directly through food imports or 

i n d i. r e c t l y v 1 a i. rn p o r t s o f i. n p u t s n e c e s s a r y f o r d om e s t i. c Eo od 

producti.on, the bottom line being .soc io-econo mic and poli.t i.ca l 

stab i.l it y. 

A..nderson et a 1 . (1977) stated that econom Lc theory is ambt g uous 

on the need for price stabiltzatton schemes. One argument LS that 

tlncertainty 1 s undesirab le if followed by market Eai lure. In this 

c ase , correcting the failure LS pre f e~red to the remov a l of 

uncertai.nty . How e v e r, Samtle l so n (l972) argu e d that a n ec onomy 1:1 a 

P a r e t o e q u i l i. b r i u m \' 1. t 'no u t t · · · 
v uncer a1 n ty cannot Lmprove LtselE by 
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generating uncertainty. Hence stabilization polici.es shonld attempt 

t o e 1 i m i n a t e t h e s o u r c e o f r i s !<. P r i c e s t a b i 1 i z a t ion i '3 ad o p t e d f o r 

lack of an alternative practical approach. It is not necessari.lv the 

best alt 2 rnati.ve because price variability is a manifestati.on of 

structural sources of instability that include uncertainties in supply 

and eKchange rates in export trade. 

Abbott (1979) develooed an econometric model that was 11sed to 

show the need to endogenize the role of government tn i nternati.onal 

trade. McKinnon ( 1982) argued that domesti.c stabilization policies 

that manipulate money supply and exchange r-ates enhance global 

instability. Chambers and Just (1979) presented a theoretical and 

empirical critique of agricultural trade. Their analysis led them to 

suggest that exchange rates are important determinants of agricultura l 

trade flows T h e p r e s e n c e o f m o n e y and e x c h an ge rates disguise 

exchange tn real goods. The situation ts exacerbated by a 

government's i n tet:"f e rence with the marke t determination of exchange 

rates. 

Developing countries 1 n genera l, pe g their exchange rates to 

c on vertibl e currency Ot:" baskets of c urrenc ies. Presently, the major 

hard currencies have floati.ng exchange rates i.n the sense that the 

market forces of demand and supply determine their values. -:1cCalla 

a nd Josli.ng (1985) note that the impact on the domestic economy of a 

chartge in the exchange r-ate of hard cut:"rency i s va r i a ble and sometime s 

ambiguous. Depreciation of hard currencies doe s not necessarily he l p 

t he d e v e 1 o p i n g e co n o m i e s be c au s e t hey are bas i call y expor t e r s 0 E 

primary commoditie s and import e rs of ma nufact ured and capit al goods 

(McC a ll a , l982 ). As t h e fore ign CLlrrency depreciates relative t o the 
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domestic currency, internatioaal pr1ces 1n terms of domestic curre ncy 

rise but the quantity of imoorts may not <~djust accordingly. Ab s e nce 

of quantity adjustments may not be offset by gains in foreign exchange 

resulting from more competitive exports. 

Gulhat i. et al. (1985) state that many post-independence Afr i can 

governments did not consider the excha nge rate as a possible po l icy 

instrument, Three factors are identified as causes for aversion to 

the use of the instrument African governments believe that 

devaluat i on of their exchange ra tes wo uld increase dome s t i c i nflat io n, 

increase budgetary deficits and generate few benefits from 

international trade. If exports have l o w elast i cities of demand i n 

international mar ke ts, then changes i..n · real exchange rat es may ~ave 

little influence on the quantity exported and subsequent income t o 

producers. Moreover, 1n many African countries , fiscal resour ces a r e 

derived from th e agri..culture sector. Infl at ion and de clining demand 

f or ex p or t commodities Lncrease taxa t ion of the se ctor wit h 

deleterious consequences on the domestic agriculturally-based economy. 

In stability in foreign exchange ra tes ha s dr awn the attenti..on of 

policy-makers because o f the p oss i ble r eperc u ssions on 

domestic-curre ncv va l ue of internationa lly traded co rnmod ities. There 

1 s g e n e r a l a g r e e m e n t t h a t e x c h a n g e r a t e s chan ge s a f f e c t p r i c e s , 

supplies, and quantities d.e man ded. Currently, there i s no stro n g 

th eo r et i cal co n se n sus as to the mos t re l evan t forms of fluctuat io n s 

(Bank of En g land, 1984). The c hoic e of exchan ge r:-ate s t a ndard does 

n o t affect e xt e rn a l ter ms of tr a d e . Rather, t he c oncern i s i..ts 

effe ct s on i n terna l trade , 1ncome distribu ti on and domes tic allocation 

of res o u rces ( L ipsch itz, 1978). Never the l e s s , T~a nyi and Suss 0982) 
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found that choice of the exchange arrangement affects exchange rate 

instability. Their study suggested that minimizing the instability of 

nominal effective exchange rates also minimizes that of the real 

effective exchange rate and vice versa. Since 1973, some countries 

have had exposure to flexible exchange rates and have chosen exchange 

rate regimes that attempt to minimize costs associated with exchange 

rate instability. 

0 f t e n , u n i t v a 1 u e o E a n expo r t com mod i t y 1 s f i xed for the 

contract period 1.n terms of an easiLy convertible foreign cu rrency . 

IE domestic currency fluctuates against the currency, exporter's 

earn1ngs would vary accordingly. The inability of the exporter to 

control variability represents a cost to ·him. So long as the exporter 

1s risk-averse, his/her interest would be to minimize the deviation 

between expected and actual values in terms of domestic currency. 

Individual transactors are interested in the exchange rate for the 

hard currency 1n which export: earnings are denominated. Therefore, 

the export instability facing an individual 1s appropriately 

calculated using the relevant transaction currency. 

Brodsky (1983) tested the validity of the noti o n that mea s ured 

ex port in stabili t y is independent o f the transaction currency u sed . 

Exports of each country considered were valued using seven different 

numer ai re currencies. The s tandard error from the least squares 

expo nential tr e nd reg ress ion e quat ion was used as the instability 

measure. 
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Model SDectfication 

Export Instability Measure for Kenyan Data 

Several measures of instabiLity were described in Cl-}apter II. In 

this section, one of the procedures for deriving instability measures 

1s restated 1n the form used for calculating producers' inco me 

instability in Kenya. 

Assume that the coefficient of variation, (CV), uncorrected or 

co rrected for the trend, 1s an appropriate index of inst a bility. 

Also, treat tncome from mar:<eted commodities as a single random 

variable. In reality, income 1s the product of pr1ce, nominal in this 

case, and quantity sold. For non-trended , time series data, the index, 

1 , is derived as follows: 
cv 

I 
cv 

lOO 

P. Q 
1t xt 

N 
L: 

t=l 
(P . Q - P. Q ) 

1 t xt 1 t xt 

(3 . 14) 
N-1 

,.,h ere P. 
1 t 

lS the numera1r e curr e ncy i during period t, t=l, . . . N . 

Qxt repr esents the quantity mar~<eted of commodity x during period t. 

P . Q ts, therefore, the value of t he marketed commodity 1n 1t xt 

t erms o f currency 1. 

E co nomic th eo ry suggests tha t there is a t e nde nc y for cou ntri es 

t o p 1 a n 1 n t e r m s o f g r o w t h r a t e s rat h e r than a b so 1 u t e i n c r e me n t s . 

~mpirical findings (Massell, 1970) demonstrate that exponential trend 

provides a better fit for mo s t data . Consequen t ly, Ma sse ll 

r ec omm e nd ed det r e ndin g t h e data u s in g an e xpone ntial r e lation of the 
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Eorm 

a . + b . t +e. 
l ~ lt 

(3.15) 

where t denotes the time in years and e lS t!'le random term . f'ollov1ing 

Cuddy and Della Valle, R2 can be derived as follows: 

N /""-.... ? 
z (P. Q t - pitQxt)-

t =1 
l t l{ 

R2 l - (3.16) 

N 
2 z (PitQxt - p i tQxt) 

t =l 

Equation (3 . 16) can be rewritten as 

N /"'... ? (l-R2) 
N 

2 
Z (P. Q pitQxt )- I (P . . Q - pitQxt) 

t==l 1t xt t == 1 
1 t xt 

'(N-1) = (N-K)(l-R2 ) -
N- K 

wh ere K 1s the numb e r of independent variable~ including t l:le 

intercept . The above equation can be expressed as 

SEE ( 3 . 18 ) 

where qEE 1s the standard error of the regre ss ion estimates derived by 

dividing (3 . 17) by the de g r ees o f freedo m. SD is the standard 

de viation of the observations. 
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The general Lndex developed by Cuddy and Della Valle 1s given by 

(3. 19) 

Since the adjusted coefficient of multiple determination can be 

written as 

then, 

-2 
R r 2 r~-l)J I -c-R \~-K 

-2 > 0 R 

(3.20) 

(3.21) 

lr- t s the "corrected 11 coefficient of variation. 
"' 

In thi s study, TG 1. s either derived from linearly or 

log-linearly detrended data. The above authors suggest a selection 

criterion as follows: 

(l) Choose lev if the detr e nd ed re gression equa tion s a r e no t 

significant at the l percent level. 

? 
'3 e l e c t the 1 G f rom the e qua t i. on h a vi n g s i gn if i cant "R ·-

value at percent if the alternative equati.on is no t 

significant at the same l e vel. 

(3) If R2 from both equations are signif icant at the 1 percent 

level , 

-? R - . 

then choose IG from the equation wi t h the hi ghest 

The i.ndeK 1 n equation (3.21) t<; d e rived for t h e c;e l ected 
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commodities using the vehicle currenctes selected. The sele ction 

rules given by Cuddv and Della Valle are used to select the 

appropriate index for each commodity. 

Given producers' gross income LS the product of quantity and 

price, the identity 

where 

I. 
l 

P.Q 
1 X 

I denotes gross income from commodity x, x=l, •.• 3, P. 
1 

(3.22) 

ts its 

pr-tce in terms of the appropriate transaction currency a nd Qx 1s the 

quantity marketed, then 

lni. 
1. 

lnP. + lnO 
1. X 

and the vartance of log I is g1.ven by the relationship 

Var ( ln I. ) 
1 

Var(lnP. ) +Var(lnO )+2Cov(lnP., lnQ ) 
1 ·x 1 x 

(3.23) 

(3.24) 

The variance and the covarLance a·re mea s ured around a semi-logarithmic 

trend of the form given in equation (3.15). The variables are assumed 

to be normally distributed in natural logarithms. Variance, as a 

measure of in s tability, 1. s comm o nl y u s ed (Bal e a nd Lut z , 1979 ). 

However, it can be a misleading criterion of instability where the 

variables being compare d have different means. In thi s case, CV would 

be a better me a s ure. 

Th e s i g n of th e cov a rLance of pr 1c e a nd qua n t i t y 1. s o ft e n tak e n 

as an indicator of the source of tnc o me instability. If the 

covart a n c e LS pos i tiv e or n e gative , then the s ource is demand or 

s upply, res p ect ive ly. Fo llo wi ng Murr a y (1979), fur ther ma nipu la ti o n 

o f e qu a ti o n (3.24) could provide more u se ful informa t ion . Dividing 
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Var(lnP) and VarOnQ) by the sum of the variances ::~nd multiplying by 

100 yields: 

PC lOOVar(lnP. )/[Var(lnP.) + Var(lnO ) 
1 L ·x 

+ 2Cov(lnP., lnO )) 
L ·x 

(3.25a) 

PQ lOOVar(lnQ )/[Var(lnP.) + Var(lnQ ) 
X L X 

+ 2Cov(lnP., lnQ )] 
L X 

(3.25b) 

\vhere PC and PQ are proportions of price and quantity contribution to 

total instability, respectively. 

Proponents of the theory of underdevelopment emphasize that lags 

1n food production in the Third World ~rise from their dependence on a 

g lobal economic system. The development of a di chotomous agriculture 

that has generally favored export over domestic market oriented 

production has caused this dependency . "t-lhile Kenya's agricultural 

sector exhib its t'rtis dichotomy, it 1.s believed tha t economic 

complementarity exists between commodities produced for the export 

market and domestic food crops. 

r:::oncerning producers' 1ncome instability, it 1s worthwhile noting 

the commodi ty combinati.o ns tha t m1.n1m1..ze total income instability. 

Assuming t"l-lat, 1n terms of gross receipts; coffee, tea, maiz e , wheat 

.:Ind milk production are the most important commodities, the procedure 

1n S c hmitz and Koester (1984) is adapted to determine t he proportion 

of income from exports that mtnt.mtzes total 1ncome instability. 

Bautista (1986) has Eollowed a similar procedure. 

Consider the following a dditive identi ty : 

(3.26) 
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where 1 ts total tn.come, 1e and 1d denote income from exports an d 

domestic marketings, respectively. J<:xpo rts are cof fe e and tea ~1hite 

the domest i.e marketings are maize, wheat and milk. T'1e variance of I 

is given by 

Var(I) 

The coefficient of variation ( CV) and the var1ance of in come have t he 

following relationship 

Var( I ) (3.?8) 

In terms of CV's, equation 3.28 can be written as 

In the above equation, r 

(3.29) 

1s the correlation coefficie nt between I 
e 

a nd Id . The sh are of income attributable to the respective ma r~<e t 

can be deriv ed by dividing both sides of (3.2 9 ) by Y2 to yie ld 

(3.30) 

Se de n o t es the shar e of income attr ibu table to expo r t mar!ze t whil e 

sd l'l that f rom t':le domestic market. 

Given the CV' s a nd the n t o tal 1ncome in s tabili ty i s determ i ned 

by the co n t ributi o n of each category. Assumin g that the Kenyan 

variables rema i n unchanged , then total dif fe rentia tion of e quat ion a nd 

rearranging (3.30) gi ves 



69 

2 cv1 s ds 
e e e + 

CV~eSddSd SdrCV 1ecv1ddSe 
+ ---------------

CV 1 CVI CV1 

rearranged thus: 

dCV1 

dS 
e 

Following Bautista, if 

s 
e > 

cv2 
Id 

l and dS 
e 

(3.3 1) 

-dSd, equation (3,31) can be 

* - s 
e 

(3. 3 2) 

(3 . 33 ) 

then g r e at e r t o tal income variability ensue s fr o m a r ts e in the shar e 

of export e arnings. Ass um i n g that l e a nd Id a r e inde pe ndent , that 

ts, r = 0, then 

s 
e > 

rv2 2 
~ Id + CVIe 

- s* 
e ( 3 . 34) 

Minimum conditions are achi e ve d whe n se c ond o rder condi tions a re me t. 

~earranging ( 3 . 34) yiel d s 

Thu s , 

s 
e 

th e 

> 
l 

l + CV 2 /CV 2 
Ie I d 

ra ti o 

(3.3 5 ) 

d ete r mines the e xpo rt crop share 

t h a t mLn tmt ze s tnco rn e i n stability . lf t h e r a t i. o i s unity so tha t 
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1' then m1n1mum total i11come variability an.ses from equal s =0.5, 
e 

proportions of income from exports and domestically mar keted 

commodities. 

Simulation Model: Description 

The Kenvan government has supported tl-Je agricultural sector 

directly through its financial institutions. Private financial 

inst i.tut ions have been encouraged to support the sector througl-J 

c o n c e s s 1 o n a r y m o n e t a r y p o 1 i c i e s . A numb e r o f a g r i c u 1 t u r a l c red i t 

schemes have been used with mixed results. The Guaranteed Minimum 

Returns (GMR) scheme had an element of commodity insurance in it. 

Most of the existing schemes do not have ·complete commodity insurance. 

Absence of complete commodity 1nsurance programs coupled ~•ith 

ri<>k-averse producers have destabilized short term supply of marketed 

surplus. To producers, the consequence of fluctua t ing sal e s 

constitute s income instability. 

This study uses a modified version of Bigmarr's (1985) econometric 

simulation model to evaluate the effects o f three alternative policies 

on p rodu ce rs' income ins t ability. Simulation provides a con trolled 

environment for evaluatin g alternative policie<> under varied 

conditions. Also, it provides a unique opportunity to ob se rve 

directly the dynami c behavior of the interac tion pro ce ss e s. A numb e r 

of simplifying assumptions are made to facilitate deeper understanding 

of consequences. The basic a s s umption is that the government's polic y 

d e cision Ln one pe riod 1s a fun c tion o f the ac tu a l weathe r conditions 

d u rin g th a t p er io d . Th e mod e l th u<> cons i sts of a n economet r ic 

corn p o11 e nt that describes dema nd and suppl y scena r i os, a stochastic 
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process that desccibes cand om weather component c h a nges, and a set of 

po l i cy cu l e s that specify go v ernment cesponse to different 

cant ingencies. 

The simulation model as developed by Bigman (1985) describes a 

discrete dynami c process of an econo mi c system. T':le st ructure of the 

ana ly sis is composed of: (l) initial state variables at time t-1; (2) 

random events at timet; (3) decision var iables (policy actions ) at 

t i me t . 
' 

and, ( 4) decision rules at time t . These factors combine t o 

detecmine t he state o f the system at timet. The decision process 1 s 

accomplished as follows. Let St-l repcesent a vector of state 

variable s at the end of seas on t-1, which is also the in i tial state of 

the facrni n g system at the be gi nning of period t, the c urrent s eas o n. 

During period t, the random event wi t h a known probabilit y 

distribution described by ve c tor REoccurs. According to a certa in 

se t of rul e s D , th e vecto r REt and St - l det ermi ne th e dec ision 

va ri a bl es (policy a ct ions) des c ribed by the vector Xt T h e 

relationship can be written as 

D( S l, RE ) 
t- t (3. 36) 

Depending on the val u es of the i n itial state of the system, 

s 1 ' t- the deci sio n v ariables xt' an d the random event REt' the 

s t ate of the sys t e m du ri ng per i od t can be determine d. Thus , the 

state of t h e system i n th e c ur rent s easo n can be def ined as 

s 
t 

(3 . 37) 
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F t 1 s a d e t e r m i n i s t i c a n d k n o w n r e 1.:~ t i o n t h a t 1 s as s u me d t o e x i s t 

between the current state of the sy s tem S and the preceding sta te 
t 

variables, the current random event REt, and the current po licy 

act i.ons The function F may include historica l time-dependen t 
t 

processes such as population growth. T~e initial state of the s ys tem 

at the beginning of season St+l is given by values of St. 

Tlte recurrent nature of equation (3.37) implies that the state 

vari.ables tn any season t may be wri t ten as funct i ons of initia l 

c o t1 d i t i o n s s 0 , the set of decision rule s D, and the sequence of 

random events RE 1 , For an objective function that 

depend s on the entire sequence of state variables, the problem 

consists of findin g a set of de c i s ion rules that fo r a gtven initial 

condition S 0 , and a gtven set of random events RE 1 , .. 

will yield the highest ranking outcome attainable as defined by the 

orderin~ c riterion. Given S , the obiective function, G, i s defined 
0 

as follows: 

(3.38) 

G may be a vector consisting o f seve ral object ives, fo r example net 

economtc gains and effects of price support policy on the level and 

var i a bi 1 ity of p rodu cers ' income and food supply. Maximizing the 

ex pected value of each of the decision rules yields the opt i mal 

solution. 

To illustrate, let W be a vector representing the \veather. 

A.ssume that th e eve nt s are normally di s tribut ed. Draw sequen ces of 

random numbers, w1 , ... , WT ' from t h e distribution. If S and D 
0 

are known, th en using equation 0.37), 8 0 , ... , ST can be comput ed . 
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Using equation ( 3.38), the value of t"le objecti._ve functi.o n can be 

calculated. The frequency distribution of the outcomes of several 

repetitions yield the value of the objective functi.on for the set of 

decision rules. 

The solution procedure is recursive rather than si.multaneous. 

Each production period has the following specia l features: 

1. initial conditions that are ,:;peci f ied by a set of exogenous 

parameters that usua l ly include demand and supply 

elasti.ci.ties and parameters describing s toc hastic processe s 

and endogenous variables t11at have been generated in the 

prev~ous period, for example, past pr1ces; 

2. olanned production level s that are based on (l). The supp ly 

response being a funct ion of area, expected returns per 

hectare and price elasticity of competing activities; 

3. actual supply is a function of the resources a llocated and 

the random vari.ables (weather); 

4. reference soluti.on results from the interaction of the actual 

supply and prevailing demand schedu les; 

5. f r e e mar:zet solu t ion i s the set of pr1ces and quantities 

obtained by equating prices in (4) to cost s of insurance and 

fre i.ght (CIF) and free o n board (FOB) prices, then deciding 

whether to import or export; 

6 . gov e rnm e nt intervention s r e sul t f r om equa t ing (5) to 

"trigger" prices that initiate t h e act i.ons of t he government 

wh e re the trigger price acts a s a rule of behavior th a t 

pre dicts t he nature of the policy actions; and the 
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7. final solution for the period i<> the <>et of quantities that 

is obtained after all the interventions. 

Performance measures are derived from (7). Tl,e initial 

conditions for the second period are the final solution data adiusted 

for the expected prices and time dependent changes. The dynamic 

process continues until a predetermined end per-iod is attained. In 

all cases, qets of r-andom events constitute the disturbance terms. 

Tl,ese ar-e der-ived from 11onte Carlo simul.3tions. The r.andom processes 

ar-e assumed to be nor-mally distributed. A schematic description of 

the simulation model iq repr-esented in Ftgure 4. 

~conometric Components The supply function, after 

tran s for-mation, t a kes a lo g- l inear-constant elasticity form as: 

lnQS. 
lt * a+ -:J.lnP. + 

,Jl ~ t 

n 

l: Y.lnX. + ut 
l l t 

i =1 
(1. 39) 

wher-e QSt r e f e r- s to planned marketed surplus of commodity i dur i ng 

per-iod t, p~ 
l t 

l s the anticipated uni t revenue at the beginning of 

the season for time t, as described ea rlier. X refers to other 

independent var i a bles . Here, the disturbances r epre se nt e d by ut a re 

attributable to weather changes. Following the ar gument<> of Scandi. z:w 

et al. (1984), p* . t lS 

expected unit reve nues , 

exp licitlv u sed 1n thi.<> study to represe nt 

Domes tic marlz e t equilibrium is ac h ie v ed wh e n quantity d ema nd ed 

equals that s u pp lied by the marketing age ncy at the preannounced 

prices As stated earl i e r, th e governme nt arranges for market 

c l ea r an ces by eng ag in g i.n e xter-na l trade throu gh ma rke ting boar d s . 

~ enc e , producers' 1 ncome f or t he commodit i es a re independent of 
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consumer demand, at least in the short run. 

Simulation Model: Application with Kenya Data 

The basic structure of the simulation model developed by Bigman 

1s adopted in this study. A stochastic simulation model of domestic 

marketed supply 1n Kenya 1s used to simulate a base scenar1o and 

changes resulting from alternative st::1bilization schemes. Closed and 

open economy situations are examined. 

This study focuses on instability of income from marketed 

agricultural commodities. tdeally, behavioral equations in such a 

model are described by demand and supply relationships. Hot-lever, in 

the Kenya model it 1s assumed, as described earlier, that the 

domestic market clears at the preannounced prices. Initially, the 

parameters of the supply equation are estimated from historical d::1ta 

u s i n g 1 o g- 1 i n e a r e q u a t i o n s d e s c r i b e d ear 1 i e r • Sub seq ue n t 1 y , the 

parameters associated with .this equation and tlte stochastic process 

are prespecified. ~lements of the vector of state variables, S 1 , 
t-

are the values assumed by the qu::1ntities and prices of marketed 

commodities and the different supply and demand parameters. Random 

events are attributable to changes 1n weather. Therefore, data 

requirements are very demanding. Given this situation, national 

agg~egates would suffice. 

In the context of this study, a closed economy is defined as one 

that does not respond to external price signals. Hence, domestic 

prices have no relationship to the level of world commodity prices. 

An open e c anomy is one whose domes t i.e producer prices vary with world 

pr1ces. J.lowever, consumer- pr-ices remai .1 as in a closed economy. This 
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Ls 111 consonance with the c ommonly repor-ted feature of consumer 

pr-otection in developing countr-ies. The deci s ion criteria are the 

alternative government stabilization schemes consid~red in the study . 

The second case LS where there is limited government participation . 

Producers face priceg prevailing in a competitive open economy. The 

revenue support scheme takes the form o f defic iency payments . ln 

principle, t he deficiency payments approach allows producers to se ll 

in a mar-ket as described in the s econd cas e above. I f the average 

rea lized pr ~ce 1.s less than a guaranteed level, the produce r r ece i ves 

a supplementary payment from the government. The guaranteed minimum 

income presents the least interference i n the market mechanisrn. A 

floor is set under which income fluctu a t es fo r the product. There L S 

no ceiling. Guaranteed m~ntmum returns s cheme comes i n to operation 

whenever producers ~ncome falls below a prespecified percentage level 

of thei r income under nor-mal circumstances . 

A numb e r- of simulation · runs will be made . The agsump tio ns 

under-lying each run are stated below. 

1. Base run- a s s umes a continuation of the present po licie s: 

a) P r ices paid t o f armer s ar-e fixed by the gov er- .-tment at t he 

beginn ing of the se a son ; 

b) All the mar-keted surplus l S purchased by the government; 

c) The gover nme nt fixe s retail pr~ces ; a nd 

d) The d ome s t i.e market c l ears a t fixed prices t h r ough impo r.t 

and expoc t trade t o maintain t he pcices. 

2 . Limited g overnment i n t ervention : all the ass ump tions 1n (1) 

h o l d excep t that produce r s face world pr t c es . Thi s ts the 

case of an " ope n " e conomy . 
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3. Price support: the s ituation LS as described Ln (l) except 

that producer pr1 c es are not f ixed. The government 

guarantees to pur' c hase the produce at a predetermined floor' 

price whenever the free mar"ket price falls belo~1 t he floor 

price during the season. 

4. Guaranteed 
. . . 

mLnLmum Lncome: a three season average income 1s 

s e t as a f l o o r u n de r wh .i. c h i. t f 1 u c t u ate s . If tl-te producer 

1.ncome fall s to 80 percent of the averag e , then the 

gover'nment augments producers' Lncome. The rest of the 

assumptions are similar to the base run. 

Performance measures will be derived from the resoective 

simulation runs. The se in c lude output, orices and t he degr ee of 

income instability for each of the commod ities under consideration. 

Chap te r Summary 

The first part of this ·chapt e r dealt with theoretical issues 

pertaining to the components of agricultural product ion and mar~et ing 

that influences producers' income instabilit y . It tvas shown that in 

cases where producer- s consllmed par-t o f far-m output, the supply 

function r-eferred to mar-keted surplus and not total production. It 

was indic a t ed that government could cause i ncome instab ility through 

its policies. 

Two a nalytical procedures we r- e deve l oped . The f irst ap pr'oach was 

deve loped to examine export earntn gs instabilit y . The second 

proc e dure was descr-ibed a s a dynamic-stochastic s imulation mod e l. The 

mo d e l will provide mo r- e d e t a il ed im pac ts o f spec i f ied gove rnmen t 

p olici. es tllat affec t Ln come i:1stabil ity . T'le <J.dvant a s;;es o f t:1i.s 
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ap proach were also described. 

In the next chapter, sources of the data and emp ir ical Endings 

Erom the models will be discussed. The results will be used to 

evaluate the specific hypotheses described in Chapter I. 



CHAPTER IV 

MEASURES AND SOURCES OF INCOME INSTABIT .. ITY: 

DATA NEEDS AND ANALYSIS 

Introducti.on 

T'.1e frame1o~ork described in Chapter III led to the specification 

of two models. First, a method for identifying producers' income and 

export earntngs instability was discussed. Secondly, a 

dynamic-stochastic simulation model was described. Tl-Je simulation 

model will be used to study the effects of environmental and 

governmental variables on producers' income instability. 

In this chapter, measures and sources of i.ncome instability are 

discussed. Both export commodities and those that are produced 

primarily for the internal market are considered. Initially, the 

study period covers the 20 year time span between 1964-33. 

Subsequently, the period is divided into t1o.ro decades: 1964-73 and 

Tl:le Kenvan economy faced a new set of oroblems after 1973 

that .::.1rose mainly from the energy crisis of that year. T'rterefore, 

disag g regation is done to facilitate further analysis of the sources 

of earntngs or tncome instability over the 1964-83 period. The 

chapter 1s organized as follows. The first section describes the 

data. Empirical results are then presented and analyzed. Policy 

i.mpli.cations ar e drawn from the finding s . Tl,e chapter concludes with 

a s umm<:l ry. 

80 
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Data Needs 

Thi s study utilized secondary time sertes data from severa l 

sources T'rJ.e ma1n sources vlere, 1-JovJever, statistical abstracts of 

Kenya's Central Bureau of Statistics (CBS) and the I nternational 

Financial Statistics (lFS) published by the International Monet a ry 

Fund (IMF). Complementary sources included various issues of Kenya 

Economic Surveys. From CBS, volumes of commod ities exporte d to 

varLou s trading partners v;ere obtained. Quantities produced for sale 

and average prices paid to producers "'ere a l so available. Prices paid 

for exports were quoted in the domestic currency. T'rJ.ese were free o n 

board (f. o .h.) prices. 

An overview of agricultural production and market ing during t~e 

later part of the 1960s reveals t.hat commodity prices were f.:1ir ly 

stable with some producer prices exhibiting a small downward trend. 

Marketed production increased , especially for tea and cof f ee. This is 

attributed to an increase in the area under cultivation as small scale 

oroduction expanded after independence. 

Ob se rved producer price fluctuations tn the l97 !Js are partly due 

to th e upward movement tn e ner gy pr 1ce s that t rigge r e d wor ldHide 

inflation. Produ cer prices for- domestically marketed commodities 

remained low until 1975 when sig nificant increases occurred. Output 

of coffee, t e a, mat?- ·2 , and l iquid mllk inc re a se d de s pite an es timat e d 

12. percent decline 1n producers terms of trade between 1972 and 1975 

(de I.Jilde, 1984). 

From 1976 to 1933, producer prtc e s for matze and milk were 

ge n e r a ll y fa v orable for p t·od ucers . \.Je at her p l a ye d an impo rta nt ro l e 
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Ln quantities marketed. As for ma1ze, the yield i mpact s resulting 

from the adoption of h ybr id seed in the 1960s were declining. Tl-J e 

restrictions of the International Coffee Organization, of whic h Kenya 

LS a member, put a ceiling on the hectares o f coffee cult ivated. 

On the international scene, the IFS Supplement on Exchange Rates 

reports the s e r1es defined as period exchange rate averages. Using 

t h e s e r i e s , t he p r i c e o f expo r t s i n t e nn s o f an imp o r t e r ' s c u r r e n c y i s 

obtained by multiplying t he f.o.b. prices by the relevant e x change 

rates. Tl,e value o f exports in terms of impo rter' s c urre ncy is t he 

product of the prtce 111 the importer's currency and t he quant i t y 

exported. For countries whose internatio nal trade i s close to t h e 

world a verage, the Specia l Dr a win g Rights (SDR) p r ov id es an 

a pproximat e trade-wei ght ed bas k e t of currencies. Kenya's currency was 

pegged to the SDR during the latter half of t he study period. In this 

study, the SDR 1.s used to value exports o n the a ssumptio n tha t the 

mov e to peg Kenyan c urr ency to the basket wa s motivated by the 

government's aspira.t ion to minimize e>echange rate instability. The 

SDR ha s been defined since 19 70. Nevertheless , the SDR-U.S. dollar 

co nve rsi on s prior to 19 70 can be found i n the I FS Yea rbook (1985). 

The cho ice of nat ional c ur renc i e s us e d in th is s tu dy reflects the 

volume of b ilate r al t rade a nd the importance oE t he selected curr~ncy 

1 n internation al t rade . Reg i onal conce nt r a t io n ha s been declining 

s1 nc e 1964. However, wes t ern Europe rema1ns the majo r geographical 

tradin g a r e<~ . Exoorts to othe r Afr i ca n countries, parti c ular ly 

Ug a nd a , h ave bee n increas in g ove r the years. In the fa r east, J apan, 

Pakista n a nd India are the major import e rs of Ke nyan agricultural 

pro du c ts. So u th Ye men, Saud i Arabi<:~ , I r a n and lsrael are impo rt ant 
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trading partners tn the mid d le east. Exoorts to the United Stat e s 

have increased si~niEicantly, especially after lq75. The val ue o f 

exports to eastern Europe t .s the lowest of the geogra phical areas 

defined in the statistical abstracts. 

On specific commodities, West Germany •;.,ras the ma_ior importer of 

Kenyan coffee during the 1964-83 period. During the <;arne period, the 

1Jnited Kingdom purchased most of the country's tea exports. The 

United States and It a ly 'llere the main importers of pyrethrum extract 

and hides and skins, re s pectively. Assuming t h a t the payme nt s were 

made 1n the importer's currency, then the changes in the Deut .sche mark 

and t'le pound sterling were likely reflected in Kenya's export 

earnLngs due to the predominance of co ffee and t ea 1n expo rt earnin gs . 

])rices and exchange rates used 1n the study are defined in 

nominal terms. Hence the study focuses on instability including 

inflation. Nominal exchange rates, defined as t he offic ial parit y f o r 

tran sac tion s ar-e us ed . A more relevant ra t e would be the effective 

exchange rate, defined as the amount of local cur r ency actual ly 

receive d for a u ni t of interna tional transaction. Simil a r procedure s 

would be apo li cable to the analysis of in stabi li ty using r eal 

effective exchange rates. 

Empirical Res u l ts 

Measures o f I n s tab i lity 

T o deriv e a n ap p ro priate ind ex of ins t abi l i t y, fo urt ee n ma 1n 

agricu ltur a l exports were consid e red . These are lis t ed in Appe ndix A. 

1\fln u a l ea rfli n gs from each c o mmodity b y c u r r- e ncy were ca l c ul a t e d . The 
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sample coefficient of variation for earni.ngs from each commodity was 

computed. T w o r e g r e s s i o n mod e l s we r e us e d t o co r r e c t Eo r the t r e n d : 

linear tcend and log lin.ear trend models. Tl-je models were fi.tted to 

all observations by currency . 

In select i.n.g t!1e appcopriate in.dex of instability, the selection 

rules described tn Cl-japter III were used. Tl-te n11mbec of cases an 

index 1s chosen foe a given rlUmeraire currency ts presented in Tab le 

I. Tl-)e figures indicate that, except for the Italian lira, 1Gb was 

sele ct ed in 6 or more cases. In all the commodities, IG had the 
a 

least number of cases. The implication of these findings ts that for 

trend corrected data, a semilog trend model provides greater 

explanatory powe r in more cases than a linear · trend model. 

Tl-je stx commo dities l i sted in Tab le Il were selected to tes t 

whether the numeraLre currency influenced commodity instability. The 

ap propriate index for all was IGb. Numericall y , the derived 

measur es of instability \lfere sens·itive to the vehicle c urr e n cy . Tl-te 

Special Drawing Rights (SDR) led to the fourth highest index in 4 out 

of 6 commo dities under consi.deration. The correlation coefficien ts 

between e <trnings ins tability by currenc y are shown in Table III. Tl-J.e 

clo s er the corre l atio n coefficient to un.ity, the l es s important Ls the 

choice of vehicle currency. 

The concern of Kenyan expo rter s LS th e fluctuation of the 

domestic currency against those of its trading partners . Since the 

volatility represents a cost, then the objective of the exporter is to 

m1.n1mtze the devi.ati.on betwee n. the a ctu a l a nd the expected values tn 

terms oE Kenya n currency. To thi s e nd, a kno11Tl e d ge of th e relative 

instabili. t i. e s b e tw e e n i nd ividual tra ns ac tion currenc i es and the 
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domest i.e currency LS essent i. al. From Table Ill, the US dollar, t h e 

Japanese yen and the Specia l Drawing Rights (SOR) are closely 

associated with the Kenya Shi lling . Thus, using either of these 

currencies as the numera1re for calculating instability measures v/Ou l d 

yield values that do not diverge much fr o m those derived using the 

domestic currency. 

T A.BLE I 

FREQUENCY DISTRIBUTION OF MEASURES OF EXPORT EARNINGS 
INSTABILITY FOR SELECTED NUMERAIRE CURRENCI~S 

Appropriate Index of Instability* 

Currency Icv IG 1Gb a 

Kenya Shilling (KSH) 6 2 6 

United States Do l lar (US$) 6 l 7 

\-lest German Mark (DM) 5 l R 

Italian Lira (IL) 10 () 4 

J a pane se Ye n (JY) 5 l 3 

Netherland s Guilder (NG) 5 l 3 

Special Drawing Rights (SDR) 6 1 7 

Unit e d Kingd om Pound (UKL) 7 l 6 

* A p p r o p r i a t e i. n d e x o f i n s t a b i 1 i t y i s o ne t h a t b e s t me a s u r e s the 
degree o f ins tability for a g ive n data se t. 

1 cv 
inst ability inde x from non-de tr e nded da ta 

IG 
a 

inst abili t y index f rom line a rly de t re nded da t a 

1Gb i n s tab ili ty ind e x f rom l o g- 1 inea rly de t r e nde d e q ua ti o n s 



TABU: II 

EARNINGS I NSTABILITY MEASURES FOR ST::U:CT~D 

EXPORT COMMODITIES, 1964-33 

Currency* 

Commodity KSH us$ DM(FR.) JY NG 

Coffee 34.48 39.23 50.09 31.27 41.37 

Tea 22.25 21.37 26.85 26 . 06 27.45 

Hides & Skins 28.61 40. 20 51.58 44.07 52 . 26 

Pyrethrum 
Extract 17 .14 20 .50 30.80 22 . 68 31.00 

Be a ns & Peas 72.92 49. 89 38.86 44.30 39.4 5 

Tinned 
Pineapples 39.30 33.90 38.12 36 .68 38.62 

* KSH = Kenya Shilling 
US$ = United States Dollar 
DM(FR) =Deu t sche Mark (Federal Re pub lic of Germany) 
JY = Japanese Yen 
NG = Ne the~ l ands Gui lder 
UKL British Pound Sterling 
SDR = Special Drawing Right s 

86 

UKL SDR 

37.23 38.55 

22.41 23 . 55 

47 . 73 46 . 33 

31.37 26 . 80 

40 .40 44 .04 

37.80 37.64 



Currency** 

KSH 

US$ 

DM(FR) 

JY 

NG 

UKL 

SDR 

TABLE II I 

CORRELATION COEFFIC I ENTS BF.:TWEE N EXPORT EARNINGS 
INSTABILITY BY VEHICLE CURRE NCY: 1964-33>'< 

KSH 

1. ()0 

(0.00) 

0 .85 
(0.03) 

0.22 
( '). 68) 

0. 7?. 
(O.ll) 

0.26 
(0.61) 

0.41 
( 0 .42) 

0.66 
(0.15) 

US$ 

1.00 
(0.00) 

0 .69 
( 0. 13) 

0.89 
( 0. 02 ) 

0. 7l 
(.Oll) 

0. 78 
(0.07) 

0.91 
(0. 0 1) 

DM (FR) 

l. 8 0 
(0.00) 

0.62 
(0.19) 

0.93 
(0.01 ) 

0.85 
(0.03) 

0.78 
( 0. 07) 

JY 

1. 00 
(0.00) 

0.80 
(0. 06 ) 

0.83 
(0. 03) 

0. 93 
(0. 0 1) 

NG 

1.00 
(0.00 ) 

0.95 
(0.00) 

0.83 
(0.04 ) 

UKL 

1.00 
( 0 .00) 

0 .80 
(0 .06) 
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SDR 

1. 00 
( 0 . 00) 

*The value s 1.n parentheses are the probability that the cal c ulated 
value of "R 1.s greater than the critical T\ under the hypo thesi s 
tha t rho = 0. 

** KSH = Ke nya Shilling 
US$ = Uni te d Sta t es Do l lar 
DM( FR) = De u tsche Mar k (Fede r a l Republi c of Germa ny ) 
JY = J a panese Yen 
NG = Netherland s Guilder 
UKL Br i tish Pound Ste rli ng 
SDR = Spec i a l Drawin g Right s 
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However, the overall situation shows that the domestic curre n cy 

led to the lowest instability measures for only two commodity groups : 

'Pyrethrum and hides and skins. It was the second lowest in coffee and 

tea. As for beans and peas, as well as tinned pineapples, the 

domestic currency was ranked seventh. In terms of correlation, tl-}e US 

dollar, the SD'R and the Japanese yen were highly correlated with those 

derived using the Kenya curre n cy as the numeraire. As a denominator, 

the Deutsche mark and the guilder were leas t correlated with the Kenya 

currency. Meas u res derived from the US dollar were correlat e d \vith 

all. the denominators used. Thus, using the domestic currency as a 

numera1re does not necessarily lead to least unstable indices. 

Regarding the instability measure fcir individual commodi ties, 

earn1ngs instability for coffee ranges from 31.?7 when value d i n 

Japanese yen to 50.09 when valued in Deutsche mark. As stated 

earlier, West Germany has been consistentl y Kenya' s le a ding importer 

o f coffe e . Ass uming that c ont~:acts a r e made u s i ng t h e pre v a iling 

exchange rate between the Kenyan s hilling and tl:!e importers currency , 

re s ults s uggest that valuing t h e earnings t n a currenc y other than the 

mar\ woul d underestimat e the in s tability me a s ure for- ear n .tngs . Gi ve n 

th e c los e a ss o c iation be twee n t he Ke nya Sh i lling a nd th e U.S. dollar, 

lower instability mea s ures could be obtai.ne d if the trans a ctions I.Je re 

ca r-r- ied out in U.S. dollars . Great Bri t a i n i s the mai n impo rt e r o f 

Kenya's te a . Th e in st abil i ty inde x: \.Jhe n t h e e x po r t s a re v alue d tn 

shillin g s is clos e to that obtained when val ued in pound s terlin g . 

A. di s tinction should be ma de betwee n an appropria te ins t a b il it y 

me as ur- e fo r a ll c o mmodi t i es und er- c o ns i de r a t ion a nd o ne th a t t s 

spec i. E i. c t o a n i ndiv i d u a l c ommod i t y . I f t f) e int e r e s t L S on a v e 'licl e 
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c u r r e n c y t h a t 1 e ad s t o l e as t i n s t a b i l i t y 1 n t e r m s of d orne s t i c 

currency, then the US dollar or a basket of currenctes represented 

above by the Special Drawing Rights (SDR) wou l d be the best 

alternative. Hence, if the measure is defined in terms of Keny a 

shilling, then the dollar and the SDR would be appropriate pegs. In 

this way, instability arising from changes ~n the exchange rates 

between foreign currencies is minimized. Brodsky and Sampson (1984) 

noted that SDR has provided the best exchange r.ate stability as 

compared t o the US dollar, the French franc and the Rritish pou nd for 

those SDR pegging countries. 

Kenya's export earnings are concentrated on coffee and tea. The 

country LS a member of the International Co ffee Organization (ICO), a 

body consisting of the major consumers and producers. The 

organization regulates the world coffee market through the 

ma nipul a tion of quantities sold by the individu a l producer 1n t h e 

quota mark et . Often Kenya has had to sell some of its produce Ln the 

non-quota market where prices are generally lower than the quota 

mar~et. Currently, it enjoys non-restricted but f a irl y concentra te d 

ma rketing o f t e a. 

The impact of earntngs instability from co EEee and tea have 

s i g nificant effe c ts on dome s tic economy . Given the relatively 

i n e 1 a s t i c d e· m a n d f o r t h e s e c o m m o d i t i e s ( R i e d e 1 , 1 9 3 3 ) , a n y 

fluctua tion s of the imp o rt e r's curre ncy r e l at ive to the shilling would 

not signiEicantly affect the quantity exported. But, for the vo l ume 

s o l d , e a r n i. n g s 1 n t e r m s o E d o me s t i. c cur r e n c y wo u l d be flu c t u at i n g 

acco rdin g l y a nd the hi gher t he i n s t a b i lit y o f the e x ch a nge r a t e , the 

1-)ir,I-Je r th e ea rnin gs t Ll.St a bi l ity. The s e r esults creat e vo l a ti.li t y in 
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foreign exchange earnings and subsequently unstable i mport capabili ty . 

Moreover, since pr o ducers' annual income from the expo rt s depend on 

the quantities marketed, the foreign market price and exchange rates, 

fluctuati.ons 111 foreign earnings are transmitted directly to the 

farmers. A direct source of income instability is the fluctuating 

output at tl--te farm level tl--tat is not offset by the pr 1ce changes 1n 

the world market. 

Commodity earning instabilities were derived from a ?..0 year 

serte<> of data. During the same time, instability indices for ma i z e , 

Hheat and milk in domestic currency values were 41.1, 29.6 and 2().6, 

respectively. Noting that coffee and maize are the most importa n t 

commodities 1n Kenya's agricultural sector, the indi ces suggest that 

during 1964-83, both crops had me as ure s t hat were ove r 30 Hhen the 

domesti.c currency 1s the denominator. The results suggest that the 

hypothesis that the Kenya currency 1s the appropriate measure o f the 

country' s ex port e arnin g s instability 1s not applicable t o a ll 

commodities. 

Sources of Instability 

To the producers, earni.ngs are a product o f quantity sold and 

their pe r unit pric es . A d ecomposit io n of the iden t ity iL1t o its 

c ompone nts Hould provide additiona l informa t i on. Fo r convenLence , the 

v a ri a nc e o f ea rn i n gs ar e t ake n a s a lt e rnative me a s ure s of i ns tab i li t y. 

Furth e rmor e , it 1s assumed that the prices r e c e ived by p r oducers ar e 

pr o por t ional to th e d o mestic exp o rt or ic es . T~e pr o po rtiona l 

co nt ri bu t i o n o f e ac h compo ne nt t o the tota l va r iabilit y of commod i t y 

e x: o o r t ea rnin gs i.:; i nd i cat e d in Ta ble IV. The f i gure s ind ica te that 



TABtE IV 

COMPONENTS OF EXPORT EAR~INGS INSTABILITY IN 
TERMS OF KENYA SHILLINGS, 1964-83 

Components (%) 
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Cova riance 
Commod it y 

Total 
Variability 
Var(ln PO ) 

Price 
VarOn P) 

Quan tity 
Var(ln Q) '2 Cov (l n P, l n Q) 

Coffee 0 .1371 76. 59 10. 58 12 .84 

Tea 0 . 0 52 7 105.69 47.82 -53.51 

Hides & Skins 0. 1124 52 .2 2 3l. 2 3 16 . 55 

Pyre t~rum Extract 0 .0454 2·H . 85 l97 .36 -339 . 2. 1 

Beans & Peas 0 .4105 8 .21 84 .24 7 .55 

Tinned Pineapples 0.2396 14.27 56.59 29. 13 

for coffee , tea, an d hides a nd s kins, -pr 1ce played a dominant r ole. 

The variabili ty of q uantity dominates i n t he case of pineapoles and 

beans and peas. ~s for pyrethrum, the covari.ance term be tween price 

a nd quantity domi na tes. 

T~e s1gn of the covar i ance term LS o f te n used as an indi. ca tor of 

the source of instability. If sup p l y remains unchan ged, movements tn 

demand lead t o quantity a nd price varia tio ns in the same direction. 

p . .. r 1 c e and quantity vary 1n opposite direct i ons if demand does not 

c~a n g~ when s h i.ft s i.n supp l y occu r . For a sma l l o pen economy facing 

no interna t i.onal trade barriers, th e d ema nd for it s e xpo rts i s 

pe rf ectly elas t i c . Si mi l arly, producers who marke t e xportables 

t h r o u g h t h e m a r :<. e t i n g bo a r d , 1vh i c h the n t a k e s the r e s p o n s i b i 1 i t y o f 
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mat·keting abroad, face an infinitely elastic demand at the board ' s 

prices. Consequently, price and quantity vary tn the same directi on 

whenever changes Ln the demand schedule occur. 13ut, any shiEt tn 

supply results in changes in the quantity exported only. If supply 1s 

p e r f e c t 1 y i n e 1 a s t i. c , t h e n q u a n t i t y a n d p r t c e v a r y t n o p po s i t e 

d i r e c t i. on s f o r any c h a n ge s in '3 up o 1 y . 

results in price changes only. 

In thi'3 case, change<;; in demand 

A ne gat i. ve covariance term implies that demand c~anges have been 

re la tively stable while supply changes have been un'3table. In any 

particular yeac, if the value of price'3 and quantities are below oc 

above the tren d line, then a positive covariance term i'3 expe cted. 

'!'~is would occur if supply changes in a steady manner while demand 

changes ace relatively erratic. 

From Table IV, tea and pycethrum have negative covartance teems, 

suggesting that the source of instability has been on the s upply '3ide. 

"!Cor the rest of the export co~modities, the signs of the covari a nce 

terms are positive, indicating that in genecal, demand fluctuations 

have bee n the mai n source of instability. 

The a b ove analysi<> has cent e ced o n e x:pocts of Keny a . Except fo r 

bean s and peas, all the commodities ace stoca0le aft ec so me 

processtng. In a bsence of s uitable st o r age f.=tcilities at the hrm 

level, the commodities are generally per ishable . qence, prod ucer .s 

h a " e t o s e 1 1 t o m a r k e t i n g a g e n c i e s i mme d i a t e 1 y a f t e r h a r v e s t in g . 

Thus it ts of intecest to identify the sources of inst a bility of 

pr o du cec income by considecin g the quantity de live re d to the marketin g 

b oa rd s a nd the average price to the prod u ce c. In this way, s ources of 

in sta b i. li t v of t h e domes tica l ly mark e t e d commod i':i. es can be e v a lua t e d 
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and compared ~Jith t he indices for export-oriented commodities. 

Policy changes on commodity prices occurred in 1975 to ref le c t 

the surge of inflation tl-tat started af t er 1972. To obtain more 

insights on producer income instabilit y , data are d i v ided into t wo 

sets. The first set covers the period 1964-73 wl:tile t he second set 

covers the period 1974-83. In both cases, instab ili ty of tl-te five 

maior market-oriented commodi t ies are considered. 

With respect to coffee and tea, the sources of export earnings 

instability are presented in Table V. During the 1964-73 period, the 

variability of quantity exported was dominant. There was a low 

positive correlation between the quant i ty exported and the f.o.b. 

prices earned. Since the covariance terms are positive, one could 

conclude that volatility in the demand side was t:.e main course of 

earnings variability. The importance of price variability as a source 

of earnings instability rose signif icantly in the later period for 

both commodities. In both cases, the covariance t erms contr-ibuted 

more to total fluctuations than quan ti ty ter-ms. Correlation 

coeffici e nt s between the quantities exported and f.o.b. p rices 

imp roved. Unlike t he for-me r period, ther-e wa s a hi gl:!er correl a t ion 

between the earnings and quantities than between earnings and prices. 

Of interest to producer s 1. s t he Ln come instability fo r the 

co mmodities th ey se ll to t h e ma r1<. e ting age ncies. I n most cases 

qu a ntities e xported do not fu lly r ef lect quantities so ld by farmers to 

the mark eti n g ag e ncies during the year because o f s torage by t he 

mark et in g agenc i es . Al so, commodity taxation by the government and 

marke tin g cost'>, both at the producer and t he a ge ncy l e v e l s , r e duce 

th e price paid to producer s . Using ave rage producer ))rices, and gro>;s 



TABL€ V 

COMPONENETS OF EXPORT EARNINGS INSTABILITY FROM COFFEE AND TEA FOR SELECTED PERIODS* 

Commodity 

Coffee Tea 

Total Components (%) Total Components (%) 

Var V<Jr Var 2Cov Var Var Var 2Cov 
Period Cln PQ ) (ln P) (ln Q) (ln P, ln O) (ln PQ) (ln p) ( ln Q) (ln P, ln Q) 

1964-83 0 .1371 76.59 10 . 58 12 . 84 0 .0527 105 .69 {~ 7. 82 -53.51 

1964-73 0. 0400 30.50 50.00 19 .50 0 .01 99 29.65 69 . 35 l.Ol 

1974-83 0. 1940 72.47 4.38 23 .19 0.0834 52 .64 21.94 25.54 

* Percentages indicate the propo r tional contribution of each componen t to total variabil i ty. 

\!) 
.j:'-



95 

mar~eted product ion during t he two period s , the decompos i tion pr0 c ess 

y ields the results presented in Tab le VI. The striking feat ure f o r 

the export crops 1s that t1-te stability of Lo.b. prices does not 

necessarily mean that average producer pr ices are st a ble . Considerin g 

the peri o d 1964-83, volatility in price wa s a major source of income 

fluctuations 1n co ff ee, tea and wheat wh i le variabi l ity in quant i ty 

cont r ibuted to mo st of the instability 1n 1ncome from mai?.e and mi lk . 

The covariance terms ind ic ate that 2xc ept f o r cof fee, suppl y 

fluctuations were th e ma jo r sources of 1nco me i nstabi lit y . Tl-Je 

negative correlation coeffic ie nts between the pr1ces and quantities of 

tea, maL7.e wh ea t and milk impl y that one of t he variables was 

decl in ing while t he o ther was increas ing . 1'1-te orig inal data indicated 

that Lrl the 1 96 0 s, prices paid to far mers exhibited a slightly 

downward trend. 

Durin g th e period 1964.-73, variability in quantity was domina n t 

(Table VI). T\e fi gu r e s fo r the 1974-83 period sugges t t hat pr1ce 

volatility was important for all commodities except for maize and milk 

\o/hich had quantity as t he ma jor source of variabi l ity . T'rte 1g64-73 

pe riod h ad v ar iability in s u pply as an important instrument Ln t o t a l 

commodity 1ncome in s tability. Except for w'rtea t, the covariance terms 

suggest that fluctuations i n th e demand for commodit i es were sou rc es 

of 1n co me instabil ity dur i ng t~e 1974-8 3 period. Unli'<e the former 

\H~riod , th e corr e l atio n b e twe e n pri ces a nd qua nt it i e s wa s positive 

exce pt Ln the CBSe o f \.Jheat . The co rrelation between milk prices and 

quantities ma rke t ed re mained positive Ln both sets of d Bt a . 

S ev e ral factor s i.:o n t ribute to the ne gative co r re l ation bet1.,ee n 

pr i ce s -3nd qu a n t iti es during the 1964-73 period. General l y , prlce 



Tota l 
Var 

Commod i ty On PQ) 

Coffee 0 .0286 

Tea 0. 0086 

Maize 0 . 0934 

Wheat 0 .0485 

Liquid Milk 0.0531 

TABLE VI 

COMPONENTS OF INCOME INSTABILITY FROM SELECTED MARKETED PRODUCTION 

Period 

1964-7 3 1974-83 1964- 83 

Components (%) Total Compone nts (%) Total Components (%) 

Var Var 2Cov Var Var Var 2Cov Var Var Var 2Cov 
O n P) ( Ln Q) ( ln P, ln Q) ( ln PQ) ( ln P) On Q) On P, ln Q) On PO ) (Ln P) (ln Q) On P, ln Q) 

52 . 80 54.90 - 7.69 0 .2015 69.03 4. 76 26 . 20 0 . 134 7 77 . 13 9.43 13.44 

76 . 74 132 .56 - 109 . 30 0. 109 5 51.69 14.06 34 . 34 0.0754 105 . 31 23.74 -29. 05 

22 .2 7 86.51 - 8 .78 0 . 2 324 7.79 73.54 18 . 67 0.1501 36.24 96 . 47 - 32 . 71 

L 1. 55 11 1. 08 - 2 7 . 63 0 . 008 7 59 .77 55 . 17 -16 . 09 0.0736 61. 68 46.06 - 7 .74 

22.60 74.39 3.01 0 .0309 21.68 53.£,0 25 . 24 0.0603 34 . 16 151 . 41 - 8 5. 57 

\.0 
(J\ 
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trends were declining while production \vas expanding, Expansion in 

product i.on was attributed to increased yield per unit ar e a especially 

for ma17.e due to the rapid adoption of the hybrid seed technology. 

The introduction and subsequent rapid adoption of the new mai?.e 

variety ~n the 1960's opened up an alternative price policy that 

pr- odu cer prices would be reduced progressively as returns per uni t 

area increased due to yield increases. This policy ,.,as imp lemented in 

1966 to obviate unnecessaril y large surpluses that could be exported 

at a loss. The ultimate producer pr~ce would be t ha t at which 

surpluse<> could be exported profitably and at the same time encourage 

production to match with the domestic market needs (Leys, 1975 and 

Yoshi.da, 1 966) . Lobbying by producers, coupled with several periodic 

droughts, led to a reassessme nt of the policy that resu lted 
. . 
~n rna Lze 

price hikes Ln 1971. 

The area under the traditionally plantati o n crops, coffee and 

tea , ex p anded as a result of p0st independent governme n t policy that 

encouraged small::1older participation. The subdivision of large sca le 

farms and abse nc e of appropiiate technology f or small scale production 

led to a d e cline in the production of wheat. In s o me cases, limi t e d 

production activities hampered the diversion of resou rces atvay f rom 

tho s e commod iti es whose relative prices were declining. It i.s not 

uncommon tn Kenya for producer s to de p i ct thi s less "ra tional" 

behavior . 

Notwithstanding the perception o f underdeveloome nt theorists, . 

a g ri.cultural production for- export and domes tic mar kets w Kenya a r e 

interd e pe nde n t . Domes t i. c ex:po r t s are vulne r able t o i nt e rna tiona l 

mar'<et Eluctuations ~.,hi. l e those di.rected to the dome s ti.c mar'<et are 
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~ub ject to government control. T~e linkages between the~e categories, 

in addition to government a ttempt s to insulate domestic production 

from vagaries of world prices, reenforce the need to stabilize tota l 

income through balanced production. 

Given that the gov e rnment's pr~mary goal is a secure domestic 

food supply, the share of export-oriented production that minimizes 

total income instability is 1o10rth noting. The variability of combi:ted 

in come from coffee and tea, the main exports of Kenya, has been fairly 

constant over the study period (Table VII) . As comp a red with tl-Je 

combined 1ncome variability from ma ize wheat and milk, 1ncome 

instability from exports has been higher than from domestic sales. 

Assumirtg no cor re lation between tncome from exports and domestic 

sal es, then the S value has risen fro 0.12 in 1964-73 to 0.25 1n 
e 

TABU VII 

PRODUCER'S DlCOME INSTABHITY F"ROM AGRICULTURAL 
SALES FOR SELECTED PERIODS 

Source 

Variability of Income f r om 
. a 

Domest1c Sale s, Percent 
Variability of Inc ome fr o m 

a 
Export Sales, Percent b 

Share of Exports (Se), Percent 

1964-33 

20 . 56 

29 .71 
0. 32 

Period 

1964-73 

11. 2'2 

30.88 
0. 12 

1974-83 

17. 89 

30.60 
0 . 25 

a 
The index is a corre cted coe fficien t of var iation (1Gb) derived 
f r om l o g- line a rly de tre nd e d d a t a . 

h 
S i s de rived f rom e qua t i o n (3.35). 

e 
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the period 1974-83. These results imply that the share of export that 

leads to minimum income instability is relatively small. 

Policy Implications 

Analysis has revolved around important export and domestic ~arket 

agricultural commodities. 'Results indicate that the data exhibi ted 

some trend factor. Among the common procedures for removing trend, a 

semi-log ft1nct ion led to the derivation of an ap prop r iate measure of 

earn1ngs ins tab i lity. An appropriate measure or index is one that 1.s 

founded 1.n sound economic theory and statistical expectations. Tl-J.e 

index, 1Gb' is a corrected CV 1.n percentages a nd t h erefo re , 

intercommodity comparisons are possib l e . The simple CV is not useful 

for trended data although it is commonly used. 

The results of the study indicate t hat IGb is sens itive to the 

numerai.r e currency. The Deutsche mark, for example, shows t hat 1.n the 

case of coffee, the measure can differ by as much as 45 percent from 

th a t obtained when the Kenya currency is the denominat o r. The rest of 

the commodities exhibited similar resu lt s . Under such situations, a 

nr.~ t ur a l problem Eor e xpor t ers i s to decide on the re l e vant veh i c l e 

currency. To the extent t ha t instability in income is a cost, then 

the com,non choice would be t ha t which minimi <:es t h is volatility. The 

r e sults of t he study imply that the lJS dollar o r the Special Drawing 

R i ghts (S DR) could 'Je better substitute s fo r the shilli n g . Moreove r, 

t h e U S d o l l a r h a s h i g h c o r r e 1 a t i o n w i t h a 11 the mai o r cur r e n c i e s 

cons idered a nd a lso is a n important currency in world trade . 

An a lt e rna t iv e opt ion f or a Ke nya n e xportin g age n c y woul d b e t o 

r e qu es t paym e n ts in US do lla r s or the Specia l Drav,rin g ~ i ght s (SDR). 
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SDR 1s increasingly being accepted as a unit of international 

transaction. Alternatively, the national currency could be pegged to 

the US dollar or the SDR. 

Similar studies on export earnings instability suggest that the 

source of 1ncome fluctuations 1S of crucial importance 1n a 

stabilization program. The effects of income stabilization will 

differ depending on whether the root cause is demand or supply shifts. 

Mixed results were obtained for the 20 year period covered in this 

study. For coffee, hides and skins, beans and peas, and tinned 

J)ineapples, demand c~anges have been the main source of 1ncome 

variability. Hence, for t!'lese commodities, foreign demand conditions 

heavily influence the instability of their proceeds. Fluctuations in 

supply are attributed to the instability of export earnings from tea 

and pyrethrum extract. Thus, there is no general rule for stabilizing 

all the major agricultural exports. 

An examination of change.s Ln the variability of earn1ngs for 

coffee and tea show that instability as measured by variance 

increased. Also, the dominant source changed from being variability 

1n quantity in lq64-73 to being price variability in the next decade. 

'~<'urthermore, the values for their covar1ance terms i.t1c r eased. Duri ng 

the e ntire period, supply shifts were the major causes of eanu ngs 

instability for th e commodities that are produced pr imar i.ly for t he 

domesti.c marke t. But t he primary source s of instabili..ty changed f rom 

volatility u1 supply in 1964-73 to fluctuations i.n dem!ind in 1974-83 

ar isi ng from big price changes fo r export crops. 

W h e r e t h e s o u r c e o f i n s t a b i 1 i t y i s e :< t e r na l in natu r e , t he 

s tabili.zati.on p r og ram becomes an international :"Jro~lem. Ho~1ever, 
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macroeconom1c instruments such as currency exchange rates can be use d 

to influence export earnings. For instance , the common maintenance of 

overvalued exchange rates results in 1-j igher prices of the primary 

exports given the inelastic nature of their demand 1n the I.JOrld 

market. Supply dominated fluctuations 1n a system with a lot of 

government participation ~10uld require a reorientation of existing 

government intervention policies. Also, changes 1n existing 

government market control policies are essential fo r alleviating 

income instability caused by fluctuations in dome sti c demand. 

In search for specific explanations of income instability, it 1s 

worth exploring the composition of proceeds fro m t~e quan t i. ty 

delivered to the mark e ting agencies rather than tha t from exports. 

Government policies have not been consistent when the whole period i s 

considered. Compared to the earlier decade, during the 1974-83 

period, th e contribution of quantity components to total variability 

declined. In the second decade, income variability for coffee, t ea, 

and maize have increased. Those of '"heat and milk have declined. The 

correlations between prices and quantities changed from nega tive t o 

posi':ive for all the commodities except wheat. The ove rall condi tion 

has been a reversal from supply as a dominant source of i !'lstability to 

dema nd changes being the ma jo r factor. 

As f o r ex p ort crops, t h e implic at ion of the change s is t ha t 

externa l mark e t s ar e increasingly playing a key role in prod u c e r s ' 

1ncome instability. I n t h e c a s e of co mmo d i t i e s t h a t a r e rna r k e t e d 

domestically, fluctuations in mo ney income ter1d to o ri g i nate from th e 

dome s tic mark e t .:1nd not a t the f a rm l e ve l. Governme n t i.nt e rvention 

pract i ces 111 the operatio n of the market for the good have not bee n 
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constructi.ve 1.11 terms of stabilizing producers' Lncome. It follows , 

therefore, that an evaluat i on of alternative producers' Lncome 

stabili?.ati.on programs are essential. 

One general policy option emanates from this anal ysis. 1f t h e 

objective is to stabilize producers' money income, then the Kenyan 

governm e nt must develop the capacity to finance possible tran s itory 

deficits. Specifically, the importance of co E Eee and tea in Kenya 1 s 

economy imply that fluctuations in their earnings should be alleviated 

if a more stable dome s t ic economy is to be achie ved. T1-)e impor tance 

o f i n t e r n a t i. o n a 1 t r a d e 1 s a E E i rme d by the r e s u lt s i n d i c a t i n g t h a t 

i.ncome instability from exports has increased from 38.14 percent tn 

1964-73 to 172.11 percent during th~ 1974-83 period. 

Chapter Summary 

The central purpose of this chapter was to measure and identify 

income instability during .1964-83 and sub pe r iods within the time span . 

On internati.onal trade, the objective was to develop a statistic for 

measuring Kenya's export earni.ngs instability. In the process, 

ea rnin gs inst::~bilit y measures and sources f or '3elected expo rt crops 

we r e quantified a nd specified. I t was note d that quant i ties expo r ted 

and f. o. b. prices paid during a given year we re not nece ssari 1y equa l 

to quantities marketed and -the a v erage p rL ces receiv e d by the 

producers. Due to a les s than perfec t ma r ket s ituation, it was 

assu med th a t producers may be more intere sted in inc ome va riabili ty 

f rom commoditie s delivered to the marketing agencies r ather th an the 

in s tability of ex port e arnin gs as de riv ed f rom E.o . b . unit pri ces a nd 

the q u a nti. t y ex p ort~d by th e mar1<e ti ng agency . Fol l o wi n g th i s 
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a ss umption, producer's income i.n'Stability from se l ected marketed 

commodities were examined. 

A common feature of export earnings instability indices LS the 

use of foreign currency, which explicitly or implicitly is the US 

dollar, as the denominat o r when deriving instability indices. The 

approach i g nores two important facets of trade and development : that 

producers are paid Ln domestic currency and that the overr iding 

concern of most governments ~s domestic s tability. Since governments 

can use mac roecono mic ins truments t o insu late domestic producers, then 

export earnings instability measured in foreign currencies do not 

necessarily translate into Lncome instability as realized by domes t ic 

producers. M o r e o v e r , p r o d u c e r s ' 1 n c o me v a r i a b i l it y rna y d i f f e r 

acco r d ing to the prima r y destination of t he produc t. In consequence , 

two hypotheses were formulated. First an attempt to test the 

validity of the not io n tha t the domestic currency was the appropriate 

numeraire w as undert a k e n. Secondly, it was hypothes ized that t h e 

primary destination of the product, whether for export o r domes t i.e 

market, influenced the ma gnitude and the source of instab i lity. 

Tre nd-corr e cted measu r e s of instability usin g se l ec ted numera ire 

currenc1 e s a nd commodities were der ived . The re s ults indic a t e that 

the instability index was sensitive to the vehic le currency us ed . 

Also, the degr ee of instability varied wi th the commod it y und er 

co ns ideratio n. The Ke nya sh illing did not oft e n y ield the lowe st 

instab ility i n d ex . 

Consider in g coffee a nd t ea, the two most important expo rt crops , 

f luctu a ti o ns Ln price contr ib uted mos t t o the i r e xpo rt earnin gs 

instability . Howe v e r , d ur i n g the f i rs t 10 ye a r s , the contrib u tio n o f 
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quantity to total variability was dominant . The dominance of pn.ce 

variability prevailed during the later decade. Hence, not only has 

variability of earnings increased but also the source has changed over 

the 20 year period. In consequence, using this criterion, the concern 

of the policy makers facing s uch situations should be more on external 

demand rather than domestic production. Thi s requires stronge r 

multilateral cooperation between producers and consumers as in the 

case of coffee or some other cohesive international commodity cartel. 

Comparing p roducer tncome instability for 1964-73 a nd 1974-83, 

the variability Ln the 1.ncome from coffee, tea, a n d milk has 

increased. That of wheat and maize has declined . In all cases, the 

proportio nal co ntribution of quantit y to total variability h a s 

decreased. The sources of i nstability, as indicated by the s igns of 

the covariance terms have shifted from supply dominated to demand 

dominated fluctuations 1n the case of coffee, tea, and ma1.ze. The 

situation for wheat a nd mi~k are supp l y and demand dominated 

fluctuations, respectively. In the case of coffee and tea, income 

instability measures suppor t the findings ob tained in terms of export 

earn ing s i n stability. Ma ize , the stapl e foodcr op 1n Kenya, f o ll owed 

the p atte rn of the primar i ly export crops . For wheat , the po l icy 

direction should be on domestic production. 

'i;;xcept 1 n the cas e of wheat , there is an i ndication th a t change s 

L n both e xport and domestic demand are be comin g the majo r source o f 

income variability for the market-oriented commodities. This sugges t s 

that a restructuring of the marke t is esse ntial f o r increased income 

s tab i lity irr e sp e ctive of des tination . Furthe rmor e , the in c rease d 

pri c e - q u a n t ity corr e l at i o n s e x hi.bit e d by most of th e commodi tie s 
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studied would suggest that potential gains 1n terms of increase d 

stability might be obtained through price manipulation by the Kenya 

government On total income i nstability, the results indicate that 

the high level of export e arnings variability was ac companied by an 

increase ~n the proportion of exports in total income during 1974-83. 

Apparently, income stabilization mea su res favored only domestic 

ma r keted commodities. 

This .study is based on time senes data for the period 1964-33. 

The results are, the r e for e , period s pec ific and may not be appropriate 

for other periods. However, the validity of the resu l ts within the 

time span are not expected to change d r astically. The analytica l 

procedure ts limited by the fact that the underlying production 

complexities are excluded. A detailed study is required to isolat e 

the causes of production instabilities. Variation in output may be 

due t o changes i n yield per unit area or due to changes in are a under 

cultivation. Also, changes i n export earnings may be a tt ribu tab l e to 

fluctuations in the effective exchange rate rather than the volat i lit y 

1n the quantities exported. 

Th e n ext c hapt er presents the results of a simu lation model. 

This i. s a f o 11 ow-up of the findings reported in the current chapter. 

The objective of the model ~s to e valuate a l te rnative government 

stab i 1 i za t ion programs with the inten tio n of predicting their effects 

on prod ucer income instability . 



CHAPTER V 

EFFECTS OF GOVERNMENT STABILIZATION PROGRAMS 

I nt roduction 

In ti-Je proceeding chapter, measures and sources of producers 1 

tncome instability for se lected mar Keted agricultural commodities i n 

Kenya were presented and discussed. It was shown that the instability 

index loas sensitive to the numera1re currency used and the commodity 

concerned. 

commodity. 

Also, sources of tncome f luctu ations varied r;~ith the 

Given the nature of prod uction and marketing, it was 

proposed that commodity market restructuring would be an alternative 

policy goal in an attempt to stabilize producers 1 income irrespective 

of the dest ination of the produce. 

The results of a policy simulation model are presented and 

di sc ussed in this chapter. The details of the model were described in 

Ch ap t er II. Owing to the limited influence the Ke n y a government has 

on inte rnational trade, the study 1s restricted t o domesticall y 

marketed commodities. The primary goal is to evaluate the effects of 

government int e rv e ntion policie s on producer income instability. 

T~us, the chapter l S organize d as fo ll ows . The next se c t ion descr ibes 

th e data used. In the third section, pre-input and i nput equations 

are stated . Su b sequently, simulatio n r esults f o r selected scena r 1os 

are pre s e nt e d . A summary 1s pr e sent e d in the l ast sec tion. 

106 
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Data Requirements 

Producers are paid 1n the nat i.onal currency. Hence, derived 

instability measures are denominated 1n Kenya shillings. Time se r ies 

data from 1964-83 are used. However, due to structural changes that 

have affected some commodities, !>elected subperiods are used in the 

esti.mation of the equations. 

Post-independence policy on ma1ze started with t he drought and 

famine of 1965. Followin.~S the event, producer prices and national 

strategic reserves were increased 1n an attempt to stabilize domestic 

supply. Several subsequent policies have revolved around produce r 

prices and the strategic reserve s . The area in wheat cultiv ation 

reached its peak 1n 1968. Since then, its area ha s been declin ing . 

The two cereal crops have not had consistent post-indeoendence pricing 

polici.es. Milk product i.on quotas were aboli!>hed i n 1970 and nov1 

p r o d u c e r s a r e p a i d u n i f o r m p r 1 c e s f o r a n y g r a d e o f who l e milk 

del i vered to the Kenya Co-operative Creameries. The impact of t h e 

policy changes were felt in subsequent years . 

As discus s ed earlier, a gricultura l marke t s f or t he maj or food 

co mmodit t e s 1n Keny a can be d es cribed as f unc tio n ing 1n a 

non-Walrasian environment . The actions of the government lead to 

quality adjustments that e quilibr a t e the marke t at preannourrced 

producer a nd cons umer prices . He nce , in addition to prices, dat a sets 

of quantities produced and crop areas 1..re re assembled. These data were 

u s ed to estimate, econometrically, the initial s uppl y parameters o f 

the mod el . Alth oug h the model i s capab l e of linking domes t i c and 
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<.vorld markets, concentration on domestic marketed commodities negated 

the necessity of incorporating these linkages into the current model. 

Results 

Initial Input Information 

The parameters of the aggregate supply function were estimated. 

A common assumption in such approaches is that the data are free of 

measurement errors. In absence of ideal da ta sets, measurement errors 

are su .spected. However, these are assumed to be relatively 

unimportant. 

Equations from initial e!'itimation had Durbin "h" statistics whic h 

were less than the c r i t i. c a 1 v a 1 u e s at the 5 . 0 perc e l1 t 1 eve l , 

indi.c"!ti.ng that the hypothesis of no serial correlation could not be 

reject e d. An autoregressive least squares procedure wa s adopted 

yielding the following, with t-values 1n parentheses: 

lnQSW = 3 .770 + 0.32 1l nRW + 1.126lnWH ( 5 . l) 

( 1 . ll 7 ) ( 4 • 4 7 5*) (4.394*) 

R2 0.63, D. W. = 2 . 202, N = 16 

lnQSH = -13.856 + 0. 546lnRM + 1. 9 5 lln~fH - 0.465lnRII' ( 5. 2) 

( -2 .882*) ('3. 408o~) ( 4,4 7 6o'r) (-2.593*) 

? 
0. 76, R .. D. IL = 1.510, N = 19 

lnQSME = 7. 2 53 + 0.299lnPME - 0 . 333ln'RM + 0. 586lnQSM ( 5. 3) 

(-2 . 664*) (3 . 357o'<) 

R2 0.57, D. W. = 2 .45, N = 13 
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QSW ==quantity of wheat delivered to the marketing agenc y , 

Ln metric tons. 

'R.W expected unit revenue f rom wheat. Defined as the 

product of preannounced price and the expected o u tput 

per hectare where expected output is the previous 

year's out put per hectare. T'le details and 

justifications are given in Chapter III. 

R.M e x p e c t e d u n i t r e v e n u e f r o m rna i z e . De f i ned a s t h e 

produ ct of preannounced price and the expected out pu t 

per hectare where expected output i s the previous 

year's output per hectare. The details and 

j ustifications are given in Chapter III. 

WH = hectares a llocated to wheat production. 

QSM quantity of ma1ze delivered to the marketing agency 

10 metric tons, 

MH =hectares allo c ated to ma1ze production, 

QSME quantity of l iquid milk equivalent delivered t o the 

creame ries tn liters. 

PME exp e ct e d average unit milk pn.ce to t he producer . 

This ts the current value lagged one year. 

ln the natural logarithm. 

* impli es that the paramet e r s a r e s i gn ificant at l e ss than 

0.05 l e ve l. 

Since th e eq uations were specified tn doubl e -l og for m, 

co efficient s assoc iat e d \oJith r egres s ors are elas ticities . The 

f unction i s l i near ly homoge nous and th us e xhibits cons t a nt r e t u rns to 

scal e. The r esu lt s indicate t hat quantity respo nses to cha n ge in l a nd 
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area ar.e high. Also, the t:"e is an inverse relationshi p between t he 

quantity of rna i ze supplied and t1e expected unit t:"evenue from tvheat. 

1'1:1e same case applies to mi l k production and mai,;e revenue. These 

observations ar.e expected because Ln certain areas, production 

activities compete for land. Tl,e oositive relationship be tween maize 

and liquid milk suppl y suggests complementarity. This could be 

attributable to the use of maize as a major ingredient in the 

manufacture of dairy feed, Ln addition to absence o f effective 

competition for some basic resources. 

The parameters estimated above and the values of exogenous 

variables, assumed to be equal to the i r 1983 level s, formed the 

initial state variables. The value~ of t he exogenous variables tn 

1983 are gtven tn Appendix A. Weather factot:"s, r ep r esen t e d mainl y by 

rainfall, were assumed to be the source of stochastic events. A 

twenty-year rainfall data set f rom representative weather s tations tn 

Kenya was gathered. The set was then us e d to derive, where possible, 

an empirical distribution of rainfall during the relevant months. 

H a v i n g no t e d t h e f r e q u e n c y d i s t r i. b u t i o n o f r a i n f a 1 1 , a norma l 

probability dist ribution was considered as approoriat e . Furthermore, 

it was assumed that the random e vents wer e log-norm~lll y d i str ib uted, 

following the preassumption mad e in Chaoter III. 

Uniformly distributed random numbers on tl1e interval ('),l) 1vere 

ge n era t ed using the RANF(NARG) sub-routine . These r a ndom numbers 111e r e 

tran s l ate d to normally distributed t:"and om variates usi n g the GAUSF 

funct ion. GAUSF ge ner ates ra ndom numbe rs according to a Gaussian 

di s tribu tion 1vith mean ze r o and standard deviation of o ne . Given a 

t:"a ndom n um be r f ro m a Gau ss i a n di s tribut i o n t.,ri t h me a n G a nd stan dard 



111 

deviation a, random variates can be obtained using t~e relationship 

RNG u + a* GAUSF (5.4) 

RNG ts the random variate. 

In this study, both TEMP and W are random weather variates 

derived from the relationsh ip in (5.4). The input equations \•Jere as 

follows: 

QWS 3.770 + 0.321R\.J' + l.l20WH +TEMP ( 5. 5) 

QSM -13.856 + 0. 546RM + 1.951MB - 0.465RW + ~.J (5 .6 ) 

QSME 7. 2 53 + 0 .299PME - 0. 333RM + 0. 506QSM + \.J ( 5 . 7) 

Equation ('i.S) refers to wheat supply while equation (5 .6) and (5.7) 

refer to matze and milk supply, respectively. T he stochas t i. e 

e lements, TEMP and W, denote r ai nfall conditions in the representative 

growtng areas for the res pective commodities. In Kenya, maize and 

liquid milk production activities tend to be closel y rel a ted whereas 

wheat production ts mainly associated Hith tl-te production of beef 

cattle and s~eep. Thus it t s plausible to assu me tha t t he 

d isturbance terms in equat io n (5 .5 ) are different f rom those in 

e qua tions (5 . 6) and (5.7) . 

In an ope n eco nomy scenario, it was assumed that prices were 

random. Price observations for the commodities \vere those paid in the 

world mark e t. The d a ta for estimating the means a nd the standard 

d e viation were obt a ined f r om World Bank publicat ions . Thus, g ive n the 

means and standard devia tio ns for the respective commodities, random 
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pr ic~s were then generated t.Jith the assumption that their distributi on 

was Gaussian. 

Policy actions adopted in the study are described in Chapter III. 

In each casE, the decision rules revolve around expected revenues. 

Thus, simulation runs are undertaken to test the consequences of 

d i. f f e r e n t p o 1 i c y a c t i. o n s o n p r o d u c e r s ' i nco me a s r e p r e s e n t e d by 

reverrues from each commodity. To derive unit revenues for the dairy 

activity requires a knowledge of hectares allocated to it. This was 

not forthcoming. Hence, it was assumed that the quantity supolied 

could be a oroxy for the revenues associated with dairying given that 

prtces are often fixed by government. 

Th e required sample size for the si~ulation runs ca n be 

calculated using the procedure outlined 1.n Srredecor and Cochran 

(lq67). T~e required sample size, n, ts gtven by 

n = ( 5. 8) 

? 
where s- 1.s an estimate of population vartance and E 1.s the 

a llowabl e error:- S 2 f l or w1eat was 1.04, for maize and milk 

e q u i. v a 1 e n t , t he v a 1 u e .s were l . 3 0 and l • ?. 6 , respec t i vel v . Usi n g th e 

above r e l at i. o n sh ip and assuming the a llov1able error:- is a metric ton, 

th e n the sample su~e that could be used 111. all the studies was at most 

S LX • How eve r, a lar ger sample of 15 was chose n. Studies that have 

follo~1ed simil ar approaches have used larger sampl e sizes. Bigman 

(1985) assumed a samole si?.e of '2.0. Perfocmance measures decived are 

obtained from 20 annual replicates. Thu<>, overall results represent 

lon g run oe rforma nce mea s ures. 

Th e pceceding di s cus<> i. on r e f e r r e d t o th e i. n i ti. a l stat e of the 
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system. The sequent i.al nature of the model implies that subsequent 

states are derived from t he initial state after adjustments. The 

adjustments depend upon the objectives of the simulation experiments. 

~esults of the Simulation ~xperiments 

Four simulation experiments were carried out to test the 

effectiveness of predetermined government policies. The details of 

each scenarto were de sc r ib ed in Chapter III. Briefly, the Eirst 

alte rn at ive adopts a strategy whereby the government preannounces 

commodity prices and brings about market equilibrium under the price 

re g imes. 

prices. 

The scenario lS defined here as one with fixed producer 

The second situation 1s one with no government int e rvent i on . 

?reducer prices are determined by purely econom1c forces. Similar 

pr1ce situation'> at"e adopted for the third and the fourth policy 

alterna tives. However, Ln the thir d case, governmen t intervenes 

thro u gh the maintenance o f a floor producer pr1ce. In tl-te fourth 

strategy, government intervention comes in the form of a predetermined 

minimum revenue. In each case, the performance mea s ures are means and 

variabili t y of farmers output a nd revenues. 

Assuming t'--lat producer prices are Eixed, then, variability i.n 

tncome would be attributable to changes in the quantities mar~eted . 

In Figures 5, 6, and 7, act u al quantities marketed are depicted from 

1969 to 1983 , tvhil e the s imulated value s are illustrated from 1984 to 

1990. The results suggest that under the assumed scenar i o, outpu t f or 

al l the commoditi.e s would drop 1.n 1984 a nd the n rise 1n the latter 

years . In th e case of whea t and mau:e the peak per i od ts 1988. For 

milk, the peak per iod 1s 1989 . 
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Table VIII summarizes the results of the simulati_on experiments. 

An obviOLlS feature is the different ef f ects the policies have on t h e 

indi_vidual commodities. For wheat, absence of government intervention 

reduces the quantity marketed. A guaran t eed mlntmum revenue program 

leads to the highest levels of outpu t , Wheat supply ranges fr om 

2 1 1 8 0 0 • 8 t o 3 14 5 7 4 . 8 me t r i c to n s . Absence of governme n t interventi_on 

provides the maximum malze output. Quantities of maize supplied range 

between 147,673 metric tons under a fixed prtce scenario to 473,428 

mer1.c tons without government intervention. As for milk, a gu arant e ed 

mlntmum revenue strategy for mau;e and \vheat lead to highest output. 

The scenario that maximizes output does not necessarily ma:{imize unit 

revenu e s. T h e s e f i g u r e s s u g ge s t t h a t cu r r e n t f i xe d prod u c e r p r i c e 

policy neither enhances producer output nor unit revenues. 

A common concern of governments is the stability of output and 

producer earnings To th i s end, the Kenya government attempts t o 

tncre ase production and a t the same time ma i n ta in r easo na b le s tabili ty 

1n output and producer revenues. Table IX indicates that minimum 

income instability is achieved by adoptin g a fixed price s trate gy . In 

a dditi o n, the st rat egy l eads t o the most stable s upply exce p t f or 

maize where the alternative ts a guaranteed mini mun revenue po licy. 

As percentages of fixed price values, the figur es in Table I X 

sho w t ha t only whe at output loJould fall be low t he fi xed price result s 

tvh e n e ver other alternatives are ado pted. But withou t gov ernment 

intervention, re ve nue would fall by about 3 perce nt from the fixe d 

pri ce value. F o r ma i <:e and milk, o u tputs r ise t"henever strategi es 

ot h e r t ha n fixed price policy a r e adopted . 

To conclude, th e model suggest s that t he curreL1t policy is 



SIMULATION MODEL: 

a) Wheat 

Quantity Ton1ies 
Standard Error Ton nes 

Revenue KSh / Ha 
Standar-d Erro r KSh/Ha 

b) Haize 

Quantity Tonnes 
Standard Error Tonnes 

Revenue KSh / Ha 
Standard Error KSh / Ha 

c) Milk Equivalent 

Quantity Mi1li.on Liters 
Standard Erro r Mil l ion Liters 

TABLE VII [ 

SUMMARY STATISTICS BY POLICY 

Fixed No Gover-nment Guar-ant ee d 
Pr-oducer Inter-vention Hinimum 
Prices Revenue 

296832 .10 21 1800. 80 31457t~ . 8o 

63186.59 153266.70 101754.50 

12218.88 118 13.80 19 16 5 . 00 
1885.41 29734.46 14 1lf 7. 00 

147672. 90 473427.50 197940 .70 
631 13. 29 242849. 10 82967.00 

1516.22 12 167. 82 4346 .7.7 
379.99 30231.90 3553 .62 

231820.10 818898. 20 1031430.00 
77614.99 348919.90 844700 . 1)0 

Mi n i.mum 
Price 

Support 

226 810.70 
172644 . 50 

16117.37 
442 08 . 13 

457795 .50 
2301 70.10 

13318.42 
31613.92 

805020.60 
348330 .1 0 

,_. 
...... 
00 



TABLE IX 

SELEr.TED P~RFORMANCE MEASURES FOR COMMODITIES BY POLICY 

Fixed No Government 
Producer Intervention 
Prices 

a) Wheat 

Quantity* Tonnes 100.00 71 . 43 
CV % Torwes 21.29 51.69 

Revenue* KSh/Ha 100.00 96 . 68 
cv % KSh/Ha 15.43 243.35 

b) Maize 

Quantity>'< To nne s 100.00 320.59 
CV % Tonnes 42.74 164 . 45 

Reve nue>'< KSh/ Ha 100. 00 802 .51 
CV % KSh/ Ha 25.06 1993.90 

c) Milk Equivalent 

Quantity Million "Liter s 100.00 353 .2 5 
CV% Million Liters 33. 48 1 '50. 51 

*As a percentage of fixed producer price s ce nar io. 
CV% Coefficient oE Variat ion, percent . 

Guaranteed 
Minimum 
Revenue 

106.09 
32. 35 

156 . 85 
73. 82 

134.04 
41.92 

286 . 65 
81. 76 

444.93 
81 . 90 

Mi nimum 
Price 

Support 

76.49 
76 . 12 

131.91 
274.?.9 

310 . 01 
550.28 

878. 40 
237 . 37 

374 . 26 
43 . 27 

....... 

....... 
\0 
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suitable for stability of income from the cereals stu d ied. Also the 

opt ion stabili z es the output of wheat and milk. An alternative to 

fixed price pol icy for matze ts the guaranteed mttnmum revenue opt i on 

that is accompanied by a n.se tn revenue variabilit y . None of the 

tour policy options considered could be singly aop l ied to a ll the 

commodities studied and achieve the desired goals tn s p ite of their 

interrelationships at the farm level. 

Cl-Ja p ter Surmnar y 

The need to use a flexible analytical tool led to t h e development 

of a s imulation model for this later part of the research. The model 

was u se d to evaluate four policy a l te rnati v es for stabi li zi ng 

produce r s 1 1. nco me . Onl y the supply sector wa s considered on t he 

assumption that p r oduct ion was not directly influenced b y consumer 

preferences. Rather, the prevailing market quantities and pri c es were 

pred e t er mined b y the government. Three supply e qua t ions representing 

wheat mi lk and matze pr o duct ion \vere e s timated by autoregres sive 

least s quare s technique. Most of the coefficient s were highl y 

. 'f' . f 2 1 ( . . f stg nt t cant tn sptte o low R va ue s a sttuatton not tlnusual o r 

deve l oping count ries). 

P e rformanc e meas ure'> derived f rom the data gene rat ed by the 

si mul ation s u ggest th at fixed pri ce policies were a pp ropria t e f or 

st a bili zin g th e pr oduce r s ' income from ma ize a nd wheat . Simi l arl y, 

th e pr og r am led to the l east un s t ab l e output of whea t a nd mil!z . 

1-l o we v e r:-, a po licy t ha t g ua ra nt e e s a mini mum rev e nue favor e d mat ze 

o ut put stab i li tv but e n h a nc e d its r e v e nu e in st a bi li ty . Th e 

int e rd epende n c e of th e co mmod i ties at th e fa rm l e vel and ti-tu s a 
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modi.Eied policy alternative for t1:1e t h ree commodities t-tas not 

forthcoming. Gonsequent ly, there is a need to extend the model to 

incorporate other li kely policy alternatives. 

The next chapter <;umrnarizes the Endings from t1:1e t wo analytic -'ll 

procedures used Ln the Btudy. Concl usions are also presented. Tl-te 

chapter concludes with the policy implications of the study and the 

scope for future research. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

Summary 

The central purpose of this study was to identify and quanti.Ey 

t h e imp o r t a n t s o u r c e s o f f arm i n come i ;1 s t a b i l it y in Kenya . In 

addition, the research has attempted to evaluate alternative 

stabilization policies under selected economlc scenarios . To 

accomplisC! this goal, a number of agricultural commoditie s were 

selected. 

Basically, the analysis centered on five commodities: coffee, 

tea, maLz e , wheat and milk. However, the i nitial study included four 

other export commodities. These additional commodities were hides and 

skins, pyrethrum extract, beans and peas, and tinned pineapples. The 

purpose was t o provide a lar ge r sample on which more relevant 

conclu s io ns could b e ma de. Exp or ts were i de ntified by the ir 

destination. Time series Kenyan data were obtained from various 

issues of the Central Bur ea u of StatiBtics a nd Economic Surveys, 

Kenya. Th e relevant exchan ge rat e s were ob tai ne d from I nt e rna tional 

Financial Statistics. World commodity prices were obtained from 

vartous is s ue s of the Commodit y Trade and Price Trends, Hortd Bank. 

The study covered the period 1964-1983 . 

To esta blish a suitab t e numer-a i re curre n cy , earni n gs from 
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exported commodities were valued u1 seven currencies and a basket of 

currenc Les repr ese nted by the Soecial Drav1ing "R.i ~hts (SDR). Two 

regression models were used to correct Ear trend: linear and 

log-linear. For each commodity by currency, a "corrected" coefficient 

of variation was calculated as described by Cuddy and Della Valle. 

The measure facilitated compari'ions across several types of trend 

relations. 

Sources of instability were determined by decomposin g statistical 

identities. In tJ,is analysis, more emphasis was on the five most 

important commodities: Coffee, tea, maize, wheat and liquid mil~. 

Since producers are paid tn domestic currency, .income from the 

commoditi es were 1n terms of Kenya S~illings. Decomposing 

multiplicative identities were relevant to income defined as the 

product of prtce and quant i..ty marketed. Additive identities were 

decomposed whenever producers' income was an aggregate. 

T'le second part of the , study 'lias concerned with the evaluation of 

a 1 ternat ive government stabilization policies in unst::Ible 

envi..ronments. This ~-.•as achieved through a simple sequential 

s i m u 1 at i. o n mode 1 . T h e p a r a me t e r s we r e e s t i rna t e d by au t ore g r e s s i IT e 

lea s t square technique. The stochastic component was assumed to be 

weather. The demand component was not relevant u1 thi s analysis 

because th e gover nment through i ts a g en c Les determine th e 

equilibrating quan t itie s s itua t i o n a t gove rnme nt pre announced prices . 

"~<our oolicy a l te rnative s were considered. Th e first assumed 

continuation of existing f ixed producer pr ices policy. The se cond 

ass um ed tha t pr o du c e r pr 1ce s 1ve re r a n do m a n d ref l ect e d th o se 

orevailing L n t he world mar~et. Th e third scena r 1o considered a 
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government guaranteed minimum 1ncome policy. The final scenar 1o 

involved a government set price floor with market prices above the 

minimum floor. Performance measures were calculated from each 

simulation. These measures included average qualities supplied, 

average per hectare revenue and their variabilities. 

Analytical results indicated that export earnings instability 

varied with the commodity and the currency involved. Of interest to 

the Kenyan producer is instability of domestic currency 1n relation to 

Kenya's trading partners. Instability measures derived f rom the Kenya 

currency was highly correlated with the US dollar and least correlated 

with the West German mark. Most indices derived from the various 

currenctes were highly correlated with the US dollar. 

To determine the source s of earnings instability, vartance o f 

total 1ncome was decomposed. In this case, the vartance of earnings 

was taken as an alternative measure of instability. The ["esults 

showed that price fluctuations 'were the ma1n sources of total earnings 

variability. In the case of less important exports such as 

pineapples, beans and peas, quantity variability dominated. 

The sign of the covar-iance term, negative or positive indicat e s 

whether fluctuations 1n supply or demand have been the source of 

instability. For the period 1964-83, the results sugges ted that 

except for coffee, the fluctuations in supply r..Jere the most impor tant 

sources of tncome instability. Variability in producer pric e was 

dominant Ln total income Er-om coffee, tea and wheat, while Eluctuat i.on 

Ln output was dominant i.n the case of maize and milk. Betwee n 1964 

and 1973, variability 1 n quan tity was dominan t . Except Eor milk , 

supp l y dominated tota l income i ns tabil i ty. For the latt er decade, the 
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contribution of quantity to total income instability was important for 

mill( and ma1ze. Bowever, volatility tn demand was important in all 

commodities except tn the case of wheat For the commodities 

considered tn the study, the variability of farm income from exports 

was 30.88 percent during the 1964-73 period and 30.60 percent in the 

period 1974-83. Variabilities from domestic sales rose by about 7 

percent between 1964-73 and 1974-83. 

'Results of the simulations suggested that for w'leat and matze, 

the existing fixed prtce policy led to maxtmum per hectare .1ncome 

stability. A guaranteed tncome policy led to the most stable output 

for matze while a fixed price policy was relevant for the rest. In 

terms of total output, the guaranteed minimum per unit revenue 

scenario led to the highest output in wheat and milk. But, for maize 

a non-intervention policy as defined here was the appropriate 

strategy. 

Conclusions 

In reviewing procedures for me a surtng income i nstability, a 

number of common l y us ed techniques have been identified . It wa s noted 

that the t e rm "in .st a bility" ha s r1e ithe r bee n def ined nor 'lleas ur e d 

precis e ly. Cons e que n tly, several indic e s have e mer ged, of ten with 

limited comparability. An important issue in all instability studi e s 

ts what s o rt of fluctuations are bein g me asured. 

lt ts believed that producers ado pt s trategies that mtn.lmtze 

vari a bility. In this s tud y , an assumptio n \va s mad e t hat producer s 

tn c o me f l uctuate al o n g a time path a nd t h at the fr e que ncies of these 

O"l ci ll at t o ns are at l e ast some.\.Jh at predictab l e . Co n se qLte nt l y, the y 
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should be incorporated tn to the producers' decisi.on-making process. 

Accordingly, instabili.ty refers to tempora r y deviations from producers 

1 n c orne. A commonly accepted measure of instability is the variance. 

However, the coeffici.ent of variation 1s preferred when dealing Hith 

the variability of two or more variables with different means. 

In Chapter I, four hypotheses were formulated for subse quen t 

testing. First it was postulated that export earnings instability 

could be approximately measured in Kenya's currency. An appcopriat~ 

measure Ln this context 1s one that 1s least un<;table and \lighly 

correlated with most other transacti.on currencies used. Using the 

Kenya currency a<> the numeraire r-esu lted in the lowe s t i.ndices fo r 

hides and s kins and pyrethrum extract . For tea and ti.nned pineapples, 

the U.S. dollar led to leas t uns ta ble i ndic es . The re leva nt 

curr-encies for coffee and beans and pea<> were the Japanese yen and the 

Deutsch e mark, respectively. Howeve r, i.n terms of c o rrelation to 

ot her cur-rencies considered , t h e, U.S. dollar and the SDR ••e re the best 

altern.at i.ve.:;. The U.S. do l lar, the Japanese yen and the SDR ~•ere 

clo se l y correlated wit'-! the Kenya shilling. Thus , the off i. c i.a l 

exchange r ates did not transla t e different c urre nc ies uni.formly. 

T h e s e c o n d h y p o t h e s i s w a s t h a t i m p a c t s o n p r o d u c e r t n c o me 

instability we re g re ater from exported commodities than from those 

marketed domest i cally. To compare income from export a nd domest ic 

sales, the local c urr enc y was u sed as the numer.qi.re . During the 

1964-73 period, in come instability f rom exports :...re re lower- than 

ins tabi.lities from domes t~c sales . 

For the period 1974-83, tl-t e instabilities f o r expo r t s w2 r e h i ghe c 

t h a n fo r do mest i. c sal es e xce pt i. n t he case of ma i ze , •..;hi. c h h ad t '• e 
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highest variability among t '-le quantiti_es conside red. Tl-Je results, 

thus, suggest that inc o me instability from exports have increase d , 

while those from domestic sales have declined except in the case of 

maize Aggregate income instability from exports remained relative ly 

constant while that of domestic sales rose slig'1tly between 1964--73 

and 1974-83. The variability of combine d income from export-> wa s 

consistently higher than that from domestic sales. 

The third hypoth ec; is assumed that effective policy instrumen ts 

for stabilizi.n g producers' Lnc ome cou l d be formulated. From the 

s i mu 1 at ion results, the current fixed and pre announced producer pr i.ce 

policy stabilized producers' commodity 1ncome. The same po licy 

st a bilized output of wheat and milk. A guaranteed minimum revenue 

s trate gy enhanced the stability of matze o utput. Absenc e o f 

government intervention led to the highest instability values for mil~ 

output and revenue from mai ze . T~e highe st i_nst ab ilit y meas ure for 

maize output a r o s e from a mi h imum price s upport policy. 

Finally, it was postulated that certain poli c ie s could be 

devel ope d which could increase the stability of producers ' 1ncome. To 

identify possible poli cy dir ec ti_on s , some sou rc es of 1n come 

instab i li. ty f o r each of t he commodities studied were ident if i e d. 

S ome policy i.mplic.:.Ition.s can be drawn f r o m thi s st u dy . These are 

surmnarized below. 

1. In Kenya, t h e dome st ic cur r e ncy of transact ion ts the Kenya 

Shilling. Hence, the appropriate measure o f expo rt earnings 

instab i lity ts th at wh ich l S h i ghly c or r e lated wit"! the 

loc a l curr e nc y . l n th i. s ca se , the alt e r na tiv e curr~ncies 

we re the U. S . dollar , the J a pa ne s e ye n a nd the SDR . 
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2. A fixed exchange rate regime insulates an economy that ts 

more unstable than its trading partners, while a flexi.ble 

one would be relevant for less volatile economies. This 

study indicates that a flexible regime would favor coffee 

export,:;, w!-)ile a fixed would favor tea exports si.nce its 

instability 1s genecated internally. T1Le importance of t~,e 

two crops in Kenya's external trade means that a managed 

floating exchange rate regime would be a better strategy. 

3. Income in s tability from ext e rnally marke ted commodities 

could be alleviated through the institution of second-best 

policies. These would requ1.re r esource shifts to less 

volatil e activities. Alternatt 'J ely, if the source 1s 

demand, then a form of international stabilization policy LS 

relevant. 

4. In the case of domestic sales, income instability could be 

man aged through the use of suitable poli.cy instruments. The 

role of government Ln stabilizing producer's tncome ts 

parti.cu l arly impor-tant where demand 1s the ma1n souc c e of 

instability. 

5. T!-)e current fixed pr1ce policies have tended t•:J stabiliz:e 

cevenue s from gcaitls. However, rnulti ob jecti.ve programs a r e 

not o ft e n achieved through a sin gle policy i nstrument. ln 

thi s s tudy, gua r an te ed rntnLmum revenu e pol icy l e d to 

increa s ed output of ma ize but enhanced its revenue 

instability. 
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Limitations and Need for Further Study 

This study suff er s fr o m a number o f drawback s . Primari l y, 

decomposition of statistical identities p r ecludes any direct reference 

to underLying structural t."elati.onships. Furthet."moce , due to data 

constraint, aggregate data were used. T'1e results may no t necessar i ly 

extend to the micro-level. 

agricultural comruoditte~. 

Kenya pt."oduces a wide variety of 

1:-Iowever, only five mo st importan t 

commoditie s were studied in details. the selection cr ite rion was t~e 

degree at which they influence Kenya's commercial agriculture. 

The distut."banc.:e terms were assumed to be norma lly distributed. 

The sample size wa s dictated by the availability of data and t\1e ne ed 

to capture producers 1 i ncome inst ability at a time when t here has be en 

a politic:.1l consistency. 1deally, the structural stability of the two 

subperiods should have bee n tested. 

In t h e simulation mode l, only s upply aspects of t hree commodities 

were considered. More detailed information on weather is required. A 

m o r e r 1 go r o u s s t 11 d y s h o u l d cove r a l l the s e c t o r s t h a t a E f e c t 

produ ce rs' 1 nc o me in s t ab ility. These would inc lude t he farm i nput 

sector an d the import a nc e of uno ffic ial markets . Tl-te use of nomina l 

ra t her real values in this model a nd the earlier one was precipitAte d 

by lack of consistent price de fl ators. 

A wide range of problem a reas exist for fu rthe r resea rch. Fir s t, 

the structural relation sh ip betwe e n export commodities a nd those 

mar keted l oca ll y deserves furthe r study . A re sear.ch that conside r s 

not only marke ted produc t ion bu t total product i on would provide much 

n eed e d in forma tion for be t t er de ci. s i. on s . Such a s tudy could i nc l ude 
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change;; i_n the monetary sector and their impact on income vari_ability. 

The effects of ri;;ky production and product market ~nvironments on 

the overall welfare of the producec::; and consume:-;; should he 

rigorously investigated. Finally, and perhaps of more immediate 

importance, is the need to analyze the long run implicati.ons of pri.c~ 

rigidi_ti.e~ on quantiti_es produced and supplied to markets. 
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TABLE X 

KENYA DOMESTIC AGRICULTURAL EXPORTS IN HETRIC TONS, 1964-83 

YR 1]C ~T tiS M'''' d!J: HSQ fEQ AFQ WQ &PQ fi6Q TPfi CNQ WEQ 

!964 ~:304 16567 57~S& 6330 5610 26'3 15362 1303 12823 2151 t:J553 4857 6513 
1965 38~ 't9 lS917 5E24b 6E75 7411 2H 10937 1370 9389 an 903 6938 3913 
1%6 s;461 2~6 1i6 55750 B~95 76i)2 321 IE776 1438 12H~ 1032 b li)o 577& 51)75 

1n1 51;7 48 18l9,j ~ 1443 a~Bv 6959 -3~7 25159 1417 5632 746 bW 7954 2317 
19b8 37~94 274'i9 4!696 7094 6988 366 284(·8 1798 mil fl)36 5278 8772 3547 
:961 5G969 .32835 jCj"C 

·J.J, .JJ 6663 6548 367 29870 182! i (:849 824 7959 91H 16564 
1970 5.3725 ,] .~ 101) 44)1)8 7181) 5983 265 31827 1635 958.3 63.:! H65 23174 15056 
197! 5642~ 3'-2-31 3515(~ 76'! 1 em 369 2850~ 1313 12666 1046 108&7 1(16(;4 15298 
pn 631~2 L/'297 ~~ 854 .:· 11)24 1.:•522 511 ~1)942 16:)5 3(768 2C C'1 

o.J~ 9776 155~0 20815 
!'17) 753~7 .s! ~ 79 ~ o q2~ 666~ 8226 358 35UB g99 ltii3(1 2774 1~396 9381 12690 
1974 71J8l FS1'i 7~( 77 6 78(1 9032 4i5 15239 n~a 116-ib 2026 8678 21r3c3 I'J507 
1(j75 6761~ SiS~) C7l7 828:) 11 940 314 !5626 12~. : 1 ~1)51) ! 112 ((•lJOi H327 14011 
t176 77546 ::926:' 29)65 97F , o.J 1~158 507 27224 :nE 11'70 Jl91 29904 1154.3 19127 
19'!7 9n14 7•' ~, .. , ?H35 9344 11374 419 177:1) m: 22(:20 1·)6.? 45327 t : (IO I i 714 
I ~1: ' .• 8C:'Q? .JJ ... 8~ 'i ~b ?~tb3 .::~~~~~I ! 1)373 2bl 2~62b : 165 14771 15Bi 4 2C·82 ~ .. ~ 94:2 
;~79 77~~ 1 ~4 ·.~ 23 =·~9~~ 2c.i .J I ~. 081 :9ij 2.3(1.30 I iEO 9735 t2vc .;[(,~8 73 I !222 
! 9 ;;:. Bi1(6t 74 7 ~'? b:n 1:53 ~~85 2E'5 5201 17(•6 11}131 D) 39453 1070•:' 1182(1 
t%; 86l0& ]<C: ' 

l...' ..i'·- :63~8 1 a91) !29H l ;·; 77'~{ 1113 696ij 56~ 4!884 422: 10620 
tea~ 10(~' 68 bii4l ~ 4·>C8 ~ii6 il13b 215 ll?b 1453 j?814 678 39935 3272 9725 
1';8~ lj (:q~ ~9'i~l 3574! 2367 1!53 221 30318 1182 91657 1!79 47755 c- 6(;38 .J 

Source: Kenya Central Bureau of Statistics, Statistical Abstracts, Various Issues. 
,_. 
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TABLE XI 

KENYA DOMESTIC AGRICULTURAL EXPORTS: F.O.B. PRICES 
IN KENYA SHILLINGS PER KILOGRAM, 1964-83 

YR PCN PTN PS MHP HSP~ PEPN AFP WF &PP BGPN Tf'PN CNP 

1964 7. 29 7.31 2.08 6.85 4.61 152.93 0.3619 7.80 0.81 6.39 1.69 I. 21 
1965 7.34 7.t5 I. 32 1 . 18 4.74 143.41 0.4095 8.10 1.0 I 6.94 I. 71 I. 42 
!966 6.76 7.71 1. 20 6.69 6.77 149.25 0. 4213 7.80 0.93 7.59 I. 75 I • -; 

· -~~ 
p; 6 7 6.17 8.01) 1,1)1) 6.90 5.oa 148. 17 0.3655 b.9J 1.16 6.80 1.77 1. 39 
1166 6.81 7. :I) 0.87 8.53 4.i6 131:.77 0.3564 6. 40 0.9~ 6.16 1. 67 I. 4l: 
1969 6.61 8.87 o. 9b B. 74 5.71 121.14 0. 3438 6.00 lj,9! 6.~6 I. 82 1. 49 
1970 8.29 7.23 0.84 8.53 5.52 132.07 0.4107 4.40 I. (1/ 7.14 I. 79 I. 37 
1971 6 C? 7. 0'1 IJ, 87 I'J. 20 5.90 149.71 1),3959 4.0i) 1.13 8. 17 !. 76 I.H 
1172 7.84 6.99 !. 07 9.55 7, IS 148.52 0. 30;)3 4.60 I. 04 7.67 1.89 1. 35 
1 ~73 9.50 6.~7 2.l3 II . 88 12.61 164.10 0.6480 10.71) 1. 46 7.44 2.22 1. 30 
1974 !0.71 7.82 4.71 !:.. 75 9.78 192.21 0.6386 !0.30 2.97 8.00 3.26 U9 
1975 I i). ~1) 8.74 3.H 12.57 9 ,1)7 223 I 3.3 0.7758 6.91) 2.42 9.69 3.54 t. 59 
1976 24. Oo I i1 . 72 2.85 17 . I 7 12.09 225. 91 0.7997 a. 10 · 2.89 9.69 4.67 1. 71 
1'177 4.j,33 2•). 44 3. )I) 16.26 H.M 238.17 1.3455 11.40 2.49 12 .25 4.b4 2.29 
1978 29.20 14. 87 3.(1 1?.98 18.0~ 31 2.73 0.8994 11.90 2.88 12 ,lj 1 4.55 0.00 
1?79 2t1.b3 13.63 1. ]i) ~(:.3~ 2!. (I~ 281.84 1.3418 12.90 3. ;)4 14.1,)4 4.54 15.54 
i'iJO n.rJi IS. 51 4. ~B 25.35 2~. Sa) 633,62 1.247~ 11.10 2.99 15.89 4.6(1 3.1 2 
1~81 25. 41) 16.~~ 4 :J? 

. ~ . 27 .62 i4. 2(1 81)2.98 0.9&87 17.5(1 5.62 2:), 66 5.87 7.92 
. l ~&2 29 .64 I 0, Jo:l 5.36 31. II 14.19 896.06 U156 16. 70 3.27 23.24 7. 26 9.87 
. li'ii 1 35.40 24.70 6.21 3~. 76 1.3 .63 808.55 o. 9433 15.91) 2.9a 25.22 8. 75 57.67 

Source: Kenya Central Bureau of Statistics , Statistical Abstr acts, Various Issues . 
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1. 11 
I. 07 
1. 09 
I. 38 
1. 52 
1.58 
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t965 
!9~6 

i%7 
1968 
1969 
1970 
1'171 
1°72 
l9i::i 
ICH 
!"?75 
~976 

1977 
!C79 
:979 
1781) 
199~ 

TABLE XII 

QUA..l'i!TITY HARKETED IN THOUSANDS OF HETRIC TONS, 
CROP AREA IN HECTARES AN~ RAINFALL 

KCP 

41. 4 
39.3 
56.9 
48.6 
39.6 
53.9 
58.3 
59.5 
62.(: 
71.2 
7C: • I 
66.2 
80.3 
97.1 
84.3 
75.1 
91.3 
90. 7 

IN MILLIMETERS, 1964-83 

KT? 

20.2 
!9.9 
21.4 
22.6 
29.8 
36.1 
41. t 
36.3 
-~ .,. 
.J .,.~, .; 

56.6 
53.4 
57.7 
62.0 
96.3 
93.4 
19.3 
89.9 
10.9 

!34.3 
Z4.3.8 
352.6 
'281. 9 
2;J5. 7 

373. 0 
H0.3 
365.4 
497.8 
564.7 
424. ') 
246.3 
'241. 7 
2li.1 
472.9 

~SWT CSIIET 

134.7 75086.0 30200 
!72.2 77986 .~ 39000 
128.4 69246.0 57300 
~6£.2 96578.0 57600 
216.3 i6BB9.C 51600 
221.2 104152.0 5~SCO 

221.5 232013.0 59300 
205.7 2~o:st.o 66300 
164.4 2~8437 .0 77200 
124.6 27?853.0 7~800 . 

159.5 249843.) 63700 
145.5 230607.0 68100 
tEa. a 2,:.sa58. o 74300 
169.9 259450. ~ a5'00 
165.9 ~6979~.0 72800 
201.0 240559.0; 56800 
204.6 186895. :;>: i(J71)0 
214.4 ~2.2985.0 57200 

11380•) :16( .51) 
l ')e5 ')(J oi4,j~ 

12:)91/0 tl27.ta 
!3:! 1)0 92:.20 
13?1:):) li13.46 
13c700 an.1s 
121100 :255.80 
gzki D 86 •. :~ 
81200 ; (;79, ~8 
a3600 392.63 
8931)1) 7'17. 43 
aH)O ::::94.l:S 
2S600 E52.95 
90900 i~59.5C 

77200 1372. 75 
75800 1230.lJ 
794•)~· 11):). ;)8 

%500 117 ~.55 

!992 38.4 95.6 571.3 23'.7 260336.0 31000 ~: i OO 1250.60 
:98: 95.3 1!9.3 637.! 2~2.3 274162.0 ?BOOC 76~00 ~60.53 

Source: Ke nya Central Bureau of St a tistics, 
Statistical Abstracts, Various Issue s . 
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TABLE XIII 

EXCHANGE RATES: NATIONAL CURRENCY AND S.D.R. UNITS 
PER u.s. DOLLAR, PERIOD AVERAGE, 1964-83 

YR KSH D11 IL JY N6 JK~ l.~ss 2DR 

1964 7.143 3.9748 624.5() 361. 97 3.6068 :) , ~sa l 1. :)I) l.OOOQ 
1965 7 .!43 3.994C• 624.10 361. 49 :.61)04 0.3576 1. :) j 1 .. O~) (i!) 

1966 7.143 3.7985 624.51) 362.35 3.6i93 (:. 33BO : .C') :. 000C 
1967 7.143 3.9863 624.10 362. !5 3. 6024 0.3547 ~I :);) :. :) ::::) :) 

1968 7.tn 3. 9920 623.40 36C.S5 3.6198 o. H7a 1 , .... . • .. •: : .. ;c(•O 
1 ~-S9 7.143 .3. 9253 ~27.30 .,-a ---.J~ • ~: i.b2J( 0. U84 1 I ~:~ :; :. \•;);) 
!970 7.143 3.6465 6~7. 20 .,.C'. t"" 

·c,_!;, o) / 3.6166 0.4i7.l ~. 00 ; , i);::r)(: 
!971 7.143 -~. 4820 6 !8, 4Gr 347.:36 3.!945 0. ~1)92 :,I)( .; , 1~n 

d72 i.OOl 3.1696 5.33.21) 303.! 7 3.2095 ;\ ~OC4 l. .}I; ,:: ~ 9:· L l 
JCI7.,. '. ~ 7 .1~3 2.672b 583.00 271.70 ~. 795o 0. 4;)32 1. :).) 0.233S 
1974 7.341 2.5878 650.3C 292.08 2.6E84 (; ,4278 1. 01) ;\l3~5 

:975 9.367 2. ~603 652.9r: 296.79 2.52?1) 0.432~ :. ;)O i),j236 
1976 8.277 2. 519!) 8-!2.31) 2~&.53 2.H39 0.5565 :. Ql) ,; • 861;2 
1977 7.729 , -.,.,., .... ) .... _ aez.:w ~6B.:l 2.4543 0.5733 1. :);j '\ 85tS 
:978 7. 77.1 2. :)086 94a. 70 210.44 2.1636 0.5215 1. Gu ·), 79:=7 
:979 7. i75 1. 2321 93ti.90 21 1.!4 2. ;):)6:) }.47:2 l. :j!J ;), i74(r 
i 98•) 7.420 1.5177 85~.l0 2:6.?4 :.9eat 0.4303 1. ;)(i ;). 7~&3 
:931 1.047 2. 26r):) ll3b. El) 2:;) •. 54 2.~952 0.4'1?6 L.:•O ~ . &48 1 
;';~2 li). ?22 2.4266 !3:2. 30 :!9.•)8 2.6ii;2 :), 3725 t •. )i) .; , 9055 
~ ·te3 :3 .. 312 2. 553.3 1515.6(1 237.51 ~.8541 'J. 6597 i. .):} '\ ?.335 

Source: International Monetary Fund. IFS. Su:e:element 
on Exchange Rates, 1985, Yearbook, 1985 . 



TABLE XIV 

AVERAGE PRICES PAID TO PRODUCERS: 
KENYA SHILLINGS PER 

UNIT, 7< 1964 -83 

YR po·~ 

. '"' ?FT ~·F·~ PPW :p~£ 

1964 7, 0\}0 7.2: !j 36.~0 ::.3 40 
i 9.!>: .;, 670 7.4D 35.50 5!. '1 =r ·J ,J 

:766 = . 'f• .•. c,., 7.300 ~(; • [IJ ct'< .J •• . :9 
' --- . ., 
t 'f.':J ; 5.8~0 7.831) 3.5.30 56.8 ~"'" .J I 

' "' ' C:: .. 7-: .. 6.40~ 5.850 )j ,:31) 56.3 59 
:'169 6.304 6. 189 27. 6') 54. 5 52 
!970 7. 4i<) 6.7313 27 .cO 45. t ~! 

:o.,, 
.. I f ~ o.365 ~.50.3 33.50 51), 6 ~9 
!Cii 
• •!:.. 7.i61 6.015 38. ~I) 50.~ ' . 

!?73 9' 2:)7 5.~27 38.-10 56.7 77 
1974 !0.078 7.206 ~6.30 8(; .4 77 
1c~c; ·'- 11J, 6ao a. 1)78 61.SO 104.7 "" ·:J,j 

:m:. :5.230 10.569 76.60 t::o .. 3 !05 
1 ~?7 31. i 51) 2t.·m SE . 90 i-33 .3 !32 
1973 28. lEI 15.832 77 .50 : 4.3.6 ,~ .... ...... .:.. 
mo 28.349 13.567 39.1') !46 .. 3 · ~-. L J~ 

;980 26 .. 348 17 .743 95.40 ~63.1 ;!6 

1981 22.59 4 1? ~j~ 
• 1 ' I - ·• [•)0 ' Q:} 1~!1.7 :85 

1782 27 I !)00 !9.408 ! 1}7 . 71) 1e1 .6 -~f ':' 
L;,J 

:93.3 j4' 891) 2!. 8<!(1 I =~ jfr 
• .... J , ' ... 222. 2 ";·: ~ 

* PPC and PPT are in Kenya Shilling s 
per Kilogram. 

PPM, PPH and PPME a r e in Kenya 
Shillings per 100 Kilograms . 

Source : Kenya Central Bureau of 
Statistics, Stat isical 
Abstracts, Various Issues . 

145 



APP~NDIX B 

D~SCRI PTION OF VARIABLES US ED I N THE STUDY 

146 



147 

TABLF.: XV 

!)ESCRIPTlON OF DATA VARIABLES 

F.O . B. Expor t \farketed Average Price 
Commodity Year Pr ice Quanti t y Pr oduction To Producer 

Coffee YR PCN QC KCP PPC 
Tea YR PTN QT KTP PPT 
Si sa l YR PS QS 
Meat and Mea t 

"Products YR. MMP ~1MQ 

Hi des and S'< i ns YR HSPN !-ISW 
Pyr et h rum 

Extracts YR PEPN PEQ 
Animal Feed YR AFP AFQ 
Beans and Peas YR BPP BPQ 
Woo l YR WP WQ 
Butte rs a nd Ghee YR BGPN BGQ 
Tinned 

PineappLes YR TPPN TPQ 
Cashew Nut s YR CNP CNQ 
Watt le Extrac t s YR WEP WEQ 
Maize Yl< QSMT pp~ 

Wheat YR QSWT PPW 
Milk Equivalent YR QSMET PPME 



KSH 

DM 

IL 

JY 

NG 

UKL 

US$ 

SDR 

MH 

WH 

RFL 

TABLE XVI 

DSFINITION OF ABBREVIATIONS 

Kenya Shilling 
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Deutsche Mark (Federal Republic of Germany ) 

Italian Lira 

Japanese Yen 

Netherlands Guilder 

Pound Sterling (United Kingdom) 

United States Do l lar 

Special Drawing Rights 

Hectares under ma Lze 

Hectares under wheat 

Total Rainfall for selected weather stations 
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c +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
C * KENSIM.FOR • IS THE SIMULATION PROG~~H USED IN THIS STUDY 
C ~~GeeGeeee NOT ~LL THE VARI~BLES WE~E USED ~EG~&Ge~q 

c +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
FUNCTION GAUSF <NDUMYl 

c 
C GENERATES RANDOM NUMBERS ACCORDING TO G~USSIAN DISTRIB. 
C WITH MEAN VALUE~ZERO AND STD =1 
C SOURCE J, P. CHANDLER• OSUr STILLWATER 
C Ad~Pted b~ H. FOLK and I, ROPr OSUr STILLWATER 
c 
C FuR A RANDOH NUMBER FROM GAUSSIAN DIST~IBUT!ON WITH HEAN 
C VALUE EOUAL TO 'AHEAN' AND STANDARD DEVIATION EQUAL TO 
C ' AS!GI1A' USC:... , 
C RNG•AMEAN+SIGMAlGAUSFCDUMMYl. 
C RANF ~ETURNS A ~ANDOM NUMBER FROM A DISTRl~UT!ON uNIFORM 
c ( 0 >1). 
c 

DATA NARG /01 
C DEFEAT THE IDIOTiC EMR aPTiMIZATiON 

NARGA•NARG 
TEST=-RANF<NARGl 

C GENERATE AN EXPONENT'LY DISTRIBUTED ~ANDOM NUMBER. 
: o R ,. RANFCNARGAl 

IF<Rl10r10r20 
20 GAUSF:o-ALOGCRJ 

C GENERATE ANOTHER 
30 R=RANF<NARGJ 

IF'CRl30r30r40 
40 R = -ALOG<RJ 

C PERFORM THE REJECTION TEST 
IF<<GAUSF-11**~-R-Rl~Q,SOrlO 

c 
~0 IF<TEST-.Sl60.70r70 
60 GAUSF=-GAUSF 
70 RETURN 

END 

C DUMMY LINE DELETE DELETE DE~EiE DELETE 
C ~AND:! RANFr ASEARCHr HULK, HWANG SPECTRAL• PS~A~ 

FUNCTION RANF CNARGl 
C SHUFFLES USING MULTIPLE GENERATORS WITH THE SAME PERIOD• ~S DONE 3Y 
C MARSAGLIA. THIS GAVE A VERY SHORT PERIOD Oil THE IBM 1130. 
c 
C GENERATES PSEUDO-RANDOM NUMBERS• UNIFORMLY DISTRIBUTED ON IOr ll . 
C THIS VERSION IS FOR THE IBM 360. 
c 
C J. P, CHANDLERr COMPUTER SCIEHCE ilEFT. • iJKL.:t. 5iATE U. 
c 
C HETHOD ••• COMPOSITE OF THREE MULTIPLICATIVE CDN~RUENTIAL GENERATORS 
C G. HARSAGLIA AND T. A. BRAY• COMM, r'\.C.H. U. il96ai 7'57 
c 
C Ir RANF IS CALLED i.J!Ti-1 N.:.RG =Or THE NEXT ~;.NiJGH NIIMoEi=- i:S RETURNEr•. 
C i:F RANF IS CALLED Wi:Ti-1 NARG.NE . 0• THE GE~ER;.iOR IS RE-INITiAL!ZED 
C USiNG IABSC2*NARG+llr AND THE FiRST RANDOM NUMBER FRGH THE NFW 
C 5EQUE~CE iS RETUR~ED. 

EGUIVALEHCE IRANrJRANi 
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r•IHENSION N<128l 

c 
' oATH NFIRST/7/oK/76S43~1/oL/76S4321/oH/7654321/ 

c 
c MULTIPLIERS USED BY VAN GELDER ••• , 
c 
C DATA HK/1050058/oHL/104058/oHH/:OOOSB/ 

c 

c 

c 

c 

c 

c 

c 

c 

c 

DATA HK/282629/oHL/348~1/oHH/65541/ 

IF<NARG)20•10o20 
10 IFCNFIRST>30o60o30 

20 KLH=IABSC2:tNARG+l> 
K=KLH 
L=KLH 
M=KLM 

30 NFIRST=O 

NDIV=16777216 

RDIV=32768.*6SS36. 

DO 50 J=lo128 
K~K:tMK 

50 NCJ>=K 

60 L=L*HL 
J=l+IABSCLl/NOIV 
H~M*MM 
NR•IABS<N<J>+L+Hl 
RAN=FLOATCNR)/RDIV 

IF<J,GT.64 
RANF=RAN 

K=K*MK 
N<Ji=K 
RETURN 
END 

RE-INIT!ALIZE USING NARG. 

iNITIALIZE. 

~XHCT REAL REPRESENTATION OF 2tt31 •••• 

FILL THE TABLE, 

COMPUTE THE NEXT RANDOM NUHi~R . 

FIX UP THE LEAST SIGNIFICANT BIT. 

REFILL THE J-TH PLACE IN iHE TAELE. 

C QUTER LOOP i Sl AND INNER LOGr CJl COUNTERS 
c 

IN TEGER SoJ 
c 
C DECLA RE iNITIAL PARAMETERS 
CI*«)**WHEAT**** 

c 
CI *~********'IHAIZEI*********** 

REAL An,&H,CHoDH UHoACH,EPH,HH 
C*•****~*************MILKI******** 

~EAL AMEoBHE,CHEoDH~o~MEoUMEoACHEo~?HE 

v ARI iLES IN S UPPLY AND DEMAND 
:~ :i: .u. #. HE A T * .t: »: 1 :4: 

EAL GS~~(1!2Cr0:30),7RWil::o,o:3~l ,sG~WCl : :O r 0 !3~ ) 
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c 

REAL sw< 1 :;;;o.o::;o> .s;;;wc 1 ::o.o::Jo> .1\iJ< 1 ::!o.o::;o> 
REAL TOSWAC:!OloTSODW<10loTSWC20ltTSRW<:!OloTRt.ISC20 l 
REAL AVOSWAC2vl rAVSQDIJ<20l oAVSIJC:!Ol oAV5RioH20l rAVf\IJC:!Ol 
REAL CVSWA<20lrCVODW<20lrCVSIJ C20lrCVSRW<20loCVRWi20 i 
REAL C.VOS<10l oCVOOC20l rCVS2C20l rCVR<10l rDIF<20l 
REAL WC?oSRCl!~Go1!30loOHC1!20•0!30loTSR<20loTGH<20loAVSRi20 l 
REAL AVOM<20lrCuNS<l!20•0!30lrRT<1!20,o:30l 
REAL CVSRC20l•CVOH<20i,CvSRF<10ltCVOHFC20l•GEXPWC1!20o0!3vl 
REAL GEXRW <:!0 l 

C~Ji::U:MAI ZEUr.:Uc:t 

c 

REAL OSM<1!20r0!30 i rTRH C l!20•0!30loODH<1!20r0!30l•u~XRM< 20i 
REAL RIHl !20r0!30l rTOSH<20l rTODHC20i rTSRH C20i ,,:,vQSHC:! ·~l oAVQ!oH<20l 
REAL AVRH<20l•VSMC20loVDHC20loVRH<20loCVSHi20loCVOMC20loCVRM<20l 
REAL GEXPHi1!20o0!30 i 

C*******HILK**** 

c 

REAL QSHEil!20o0!30ioTRHEC1!20o0!30loODHEC1!20rv!3vl 
REAL GMHE C1!20r0!30l•iu5HE<20l•TODME<20lrTGHME<20i rAVQSMEi20i 
REA~ AVGDHE \ 20lrAVGHHE\20 i rVSHEC20irVDME\20loVGHHEi20 i •CVSHEC20l 
REAL CVDHEi20 l oCVGMHEi20 l rGEXPHE<l!20•0!30loGEXGME \20l 

C INTERNATIONAL TRADE 
C~******************** 
c 
C REAL GIW<~Cl,QIH<20iourHE<20io~EWC20i•OEH<:Ol,OEHE(:C> 

C DEBUG FLAG 
INTEGER DEBUG 

c 
C rNiTIALiZE CONSTANTS 

DEBUG = i 
c 
C iNPUT INITIAL VARIABLES 

READ:toAWoB\oi,CWrwHoPWoAVRWCOi,\oiZ 
REHD*•AVOSWACOlot.IA•~SDoWEP 
READ&rAHoBHoCH,HHrOHtPMoAVRM<OloZH 
READ:t.AVQSHCOi•ACHrSDHrEPH 
READ:trAHEoBHEoCHEoDHEoLOSH,PHE,zHErAEHoSOHEoEPME 
READ*•AVSQO~<OJrAVQDH(QJ,AVQDHECOltAVOSHE C Ol 

PRINT*• ' FIRST LINE!',,:,IJ,BWoCW•WHoPWoAVRWCOloWZ 
?RI NT:t, 'SECOND LINE !'oAVOSWA(OloWAtWSOoWEP 
F'RINT*• ' THiRD LINE!' oAHoBHoCMrHM• DMtF'H,AVRH\Oi oZM 
PRINT*• 'FOURTH O.:iNE: 'oA VGSii<Ol oACMoSlll'io~PM 
i"RINT:t, 'FIFTH LINE!' oAMEoBHEoCHEollHEtEI'iEoF'MEoZHE,AEM•iDME,EPHE 
PRINT:ICo ' SlXTH LINE!'rAVSQDW<Olr.:.VQDH<OlrAVGDHEiOi•AvClSHE \0) 
F·RINT* r 'DEBUG = ',DEBUG 

C SiHULAiiON STARTS HERE 
roo 1coo s~1 ol5 

C COMPUTE SEQUENCES FOR REFERENCE SOLUTION: WHEAT 
DO 400:. J"' I , 30 
TEHP=GAUSF<DUHHYl 
PRHiT~, 'GAUSF VA~Ui:: RETUr::NED IS ' riEHP 
Wl=:.53+2.t.9aTEHP 
j;: \ i:1C:BliG. E~. l I iHL::N 
r:· R:tN7;~, "lJl; I .~ j, 

END IF 
C OU~R~NTEED HiN V~R 

RW\S•J-~/ ="VRW\S- li 
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RHCSoJ-il=AVRH<S-ll 
C VMRIABLES ~OR ~ORLD PRICES 
c 
CC GS~ACSoJ-1i=MVOS~A\S-1l 

CC GSH<S•J-1l=AVOSH<S-1l 
CC OSHE<SoJ-ll=AVOSME\S- 1 l 

PMRN•6.907+5.691*TEMF 
IF<PHRN.GT.Ol THEN 
PMR=PHRN 

P~RNa7.313+S.624tiEHP 

IF \ P~RN.Gi~Oi THEN 
Pt.IR=PI.IRN 
END IF 
PHERN•9.06+8.16l*TEHP 
IFCPHERN . GT.Ol THEN 
PMER,.PHERN 
END IF 
T=BHE*PHER 
IF <DEBUG.EO.ll THEN 

CC PRINT*• 'AVOSWACS-ll• ' •AVOS~ACS-11• ' AVOSH <S-ll• ' oAUQSH<S-11 
CC PRINTt, ' AVGSHE<S-1l"' ' •AVGSHE<S-11 

PRINTto 'PHR•' rPHR• ' P~R= ' rP~R, ' PHRN•'•PHRNo'PYRN•'oPI.IRN 
PRINT:!:• ' PHER"' ' rPHERo 'T=' oTo 'PMERN"'' •PHERN 
PRINT:«, ' PH"' rPHr ' F'~•' ,pu, ' PHE=' oPHE• ' QSWACSoJ-li•' oOSWA\S•J-1) 
END IF 

C SUPPLY FUNCTIONS 

OSWAiSoJi=A~tBWtRWCSrJ-1ltCWtWH+TEHP 
OSH<SrJi=AH+BH*RH C SoJ- 1 l+CHtHH+DM*RWCS,J-11+~1 
05HEiSrJl:AHE+T+CHE * RH(SrJ-1l+DHE*LOSH+Wl 

C IF CPHER.LT.PHEi THEi-i , 
C PHER=i>HE 
C ENDIF 

c 

ioiU=WZ+WAtWSD 
UH,.ZH+ACM*SDH 
UHE=ZHE+AEIU:SDHE 
IF <DEBUG.EO.li THEN 
PRINTt , 'WU=' oWUr ' UH = ' ri.iHr ' UHE= ' rUHE 
END IF 

C CONSUMER PRICES 
c 

laiCP=S.S44 
CPH=6.993 
CPHE=7.633 

C PPB•6.87S+0.2041TEHP 
C DEMAND FUNCTiONS 

SODU<SrJ-li=li~USQDW<S- l i 
ODHCS,J-l l =l*AUQOH <S-1; 
ODHEiSrJ-ll=l*AVGDHE\S-1 ; 
S~DW\S,Jl=WU-WEP*UC P 
GDHiS,J:=UH-EFM*CPH 
GDHE\S, J I =UHE-EPHE I CPnE 

C DE~i V iHG RE~EHUES \! NCOHESl 
c 

iR W <S ,J i=OSUA <S rJ -lllPW~ 
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C IF C?~R.LT.PUl THEN 
C PWR•F'W 
C ENuiF 

TRH<SrJl=OSM<SrJ-ll&PMR 
C iF CPMR.LT.F'Ml THEN 
C F·MRoaPH 
C ENDIF' 

c 

RU<SrJl•TRUCSrJl/UH 
RM<SrJl=TRH<S,Jl/HM 

C DEBUG: 
IF <OEBUG.EG.ll THEN 
PRINT.t,'S='•S• ' J= ' •J 
PRINT.tr ' GSWA(S,Jl='•OSUAiSrJl 

C PRINT.tr ' SGDU<S•Jl= ' •SGDUCSrJl 
PRINT.tr'TRU<S•Jl : '•TRUiStJl,'RU<SrJl'"'•RWiSrJ) 
PRINTlo ' OSM< SoJi"'', OSM C S • Jl, 'ClOtH 5, Jl = ' oClDH<S , ·Jl 
PRINT.t,'TRHCSoJi='oTRHCS,JJ, 'RH<S•Ji"' ' •RMCSrJl 
PRINT.t, ' OSME i Sr J l•' •OSHE C S rJ l • ' ODHE C S, Jl= ' , ODHE< S rJl, 'PMER"' ' oPMER 

CC PRINT.t•'AVSGDW<S-ll"' ' rAVSODUCS-lir ' HVOOHCS-li"' '• AVGDH<S-li 
CC PRINT.t• ' AVODHE<S-li='•AVODHECS-ii . 

ENr.IF 
C DERIVING GOVERNH£NT EXPEDiiURES iGEXl 
c 
C Price Su~~ort ?ro~ ra~ CGEXPl L•adin~ to Produc•r~· E~~•ct ' ion 

Cl*~************************************************************ 

c 

F'WD•F'W-PWR 
IF CPW.GT.PWRi THEN 
GEXPWCSrJl=TRWCS,J-ll.tPWD 
END IF 
PHD.,PH-PHR 
IF iPH.GT.PHRl THEN 
GEXPH<S•Jl=TRH<S,J-li.tPHO 
END IF' 
?HED .. PHE-PHER 
IF' CPME.GT.PHERl THEN 
GEXPHECSrJl•OSHECSrJ-ll.tPHED 
END IF 
IF CDEoUG,EO.li IHEN 
PRINT.t, ' GEXFW<SrJ l &' oGE XrU(S,Jl, 'GEXrM"' ' .GEXPM 
PRINT.t,'GEXPME<SrJl•'•GEXPHECSrJi 
END IF 

CCCC Gu~rante•d Hinimu~ Inco~• ProsramiGKR l -A Basis for E x ~&cl ' ion 

C .tl .t.t .t:i:l.t ** >U *-******It**** .t.t:«.t :( :l. .t :u : .t.t~ l-:0:* :t :t.l ;j; :i .t :t * .1: :t :i * :t IC.t :a: **:( :r.J: .t .t :t.t 

c 

IF <AVRW<Sl.LT.O.S*AVRW\5-l l i THEN 
PRINT:tr ' ~OVERNMENT PA YS THE DIFFE~ENCE ' 
ENDir 
IF CAVRHCSI .LT.O.a*AVRM i S-lli THEN 
P~INT:to'GOVERNMENT PAYS THE DIFi"ERENCE. 
EiHI!F 

C CALCULATE SUBSIDY 
IFC~VRW<5).LT.0.a*A ~~W,S-1)~ ~ ~~N 

GEXRW<Si=O.B*A~RW<S-11-AVRW<Sl 

ENDi:F 
IFiAVRMCSi .LT. C .a:o;HVii:loi<S-ll '· ific:;.; 
GEXRHC51=0 . 8*AVii:MCS - ll-AVRM< S ) 
Ei.;DIF 
!F i ~EBUG.EQ.l ) TH£N 
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EriDIF 
C NET ·TRAOEIFroft Intern~tional irad• l 
c +++++++++++++++++++++++++++++++++++ 
C iFIAV05wAI5l.LT.AV5GDWISII THEN 
C GIWCSI=AV500WCSI-HV05WA1Si 
C ENII!F" 
C i:F \ AVOSt.IA I 5 I , GT. AVSODW I 5 i I THEN 
C OEWISI=AVGSUAISI-AVSODW I Sl 
C ENDIF 
C IF IAVOSHCSJ,GT.AVODM<Sll THEN 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

OEMCSI=AVOSHCSI-AVODHCSi 
END IF 
i:r iAVOSMISI .LT..:.VODM<S l i ii-!EN 
OIHCS/=.:.VOOHCSI-HVOSHCSi 
END IF 
Zr \AVOSHEISI.GT.AVODME CSII THEN 
GEHEISl=AYOSMEISI-AVODME I S i 
END IF 
IF CAVOSI'iE\Si.LT.AVODHE i Sli THEN 
OIHECS / ~AVODMEISi-AVOSME \ 51 

END IF" 
r·RHH*• ' OEU<Sl= ' oOEWCSI, ' OHIISl= ' dliW<SJ, 'QEHISJ• ' oJC:HISI 
PRINT:$:, 'Q I HE IS I~' dH ME C 5 I , ' QEiiE i 5 I= ' , OEME < 5 I 

~00 CONTINUE 

C COMPUTE RErERENCE SOLUTiuN 

TOSWACSi"'O 
TSQDW<Sl =O 
TSRW<Si=>O 
TQSHCSI"'O 
TODH(SI =O 
TSRIHS l =0 
TQSHEISJ=O 
TQDMECSi=O 
CVSt.IACSI•O 
C;JODI.IISJ=O 
CVRWISJ:oO 
VSMCSJ~o 

VOHCSI"'O 
VRHCSJ=O 
VSHEISJ=O 
VDME \ 51=0 
DO 610 J"' 11, 3 0 
TOSUACSI=OSUACS,Ji+TOSwACS/ 
TSuDwCSI=>SOOWCSrJI+TSGDWiSJ 
TRUSiS/=RW CS r JI+TRUSCSI 
TQSHiSI=OSH i S•J l+TuSM I S l 
TODHISi=QDMCS,Jl+TODHiSi 
TSRH<Si=RHiSrJ i +TSRMCSi 
TOSM ECSI=OSHE CS,Jl+TOSHE i 5i 
TO~IiEiSI=ODNECS•Jl+ TJ DHE !Sl 

6 10 CONTINUE 
~UOSWACS I =TQSWAiSl i :~.O 
AVSOD~ISI~TSODWISJ /:O .G 

~VRWISl=TRWS I SI/20 .0 
HVOSMCSJ=TOSMISI/20.} 
HV00HCSI=TODHC5i / 20,J 
A~RMISJ=TSRHCSI /: 0. 0 
HU 05MEIS l =TOSHE<Si i :0,0 

155 



~VGDME<Si=TODHECSi/:!G.O 

C COMF·UTE CV '5 

c 

c 

DO 6:!0 J=11r30 
CVSWAI5l=TOSWAC5I+<OSUA<5•Jl-AV05~A\Si>~*2 

CVO~WC31=TSQ~WC5l+i50DWCSrJl-AVSGDWCSl l tt2 

CVRWCSl=TRUSI5l+<RWCStJI-AVRWC511tt: 
VSM<Sl=TG5MCSi+<G5MCSoJl-AVG5HISlltt2 
VDH<Sl•TODHCSI+<OCHC5rJl-AVOOHISi 1tt2 
VRHCSl=T5RHCSi+<RMC5oJI-AVRM<Sii**2 
VSME<5>•TOSHECSi+iOSMEC5oJl-AVG5HE<S>>tt2 
VDME< 5 i =TOD.HEI 5 I+< OtrME< 5 rJl -AVO~HE<Sl >:U2 

620 C.ONTINUE 
CVGSC5l= I 50RTCCVSUACSl / 20lt100 l /AVG5WAI5 l 
CVGDCSI=ISORT<CVO~W<5>120ltlOOI/AV500WCSl 
CVRCSl=i50RT<CVRW<SI/:Oltl00l/AVRWCSl 
CVSHISi=CSORTiVSHC5i/:!Ol*1GOl/AVOSMCSi 
CVDHi5l= <SGRTCVDMC51/201t100l/AVODHCSi 
CVRHCSl= CSGRTiVRH<Sl/2GltlOOl/AVRH<Si 
CVSHECSi• i SORTCVSMEiSI/20ltl00l / AV05HE i 5 i 
CVDMECS I •<SGRT<VOME<Sl / 20lt1001/AVOOMEi5 1 

C PR.NT RESULTS OF REFERENCE SOLUTION! WHEAT 
PRINTtr'AV05WACSI = 'r AV05WA<S> 

C PR:i.NH:r ' TSQOIJiSI = ' •TSODI.l<Si 
PR:i.NTto ' AVRWISl• 'rAVRWCSl 
FR:i.NTto ' CVOS<Sl = ' rCVGS<Sl 
PRINTt, • CVRiSl = 'rCVR<Sir ' AVOSHCS)z',,:,VQSI·HSi 

C F·RINTt, ' AVODHCSl"' ' rAVODH<Sio ' TOSHC5 i = ' rHlSH<Sl 
C PRINT*• ' TO~H<Sl=' •TODM CSJ 

PR!NT~o ' CVSM<Sl= ' •CVSM(5l 

PRINT*o'CVRH<Si•'•CVRM<Slr'AVRM<Si= ' rAVRHCSI 
C F·RtNTtr ' TSOHE<Sl='rTQSHECSio ' TODMEiSI" ' •TGDHE\Sl 

PRINT:to ' AVQSME<S>s' rAVOSHECSl 
PRINT~o ' CVSHE<S>•'rCVSHE<Slr ' PHE• ' rPHE 

C - i'-R.INT"tr 'CVDHE<Sl=' •CVDHE<Sl 
c 

1000 CONTINUE 
Ei·ID 
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TABLE XVII 

DESCRIPTION OF SELECT~D INSTABILITY INDTC~S 

Index 

United Nations 

Coppock 

~inear least-squares 

Exponential least-squares 

International Monetary 
Fund 

Deviation from an n-ye ar 
moving average 

Average percentage 
deviations from 
least-squa r es tre ndline 

Transitory income 

Coefficient of Variation 

"Co rrected" coefficient 
of vari a tio11 

Ge l b ' s ( 1 9 7 9 ) 

Description 

Used by the United Nat ions, 1952. 
Obtained from sum of absolute deviations 
of yearly earnings as a percentage of 
the larger of two co11secutive annual 
earnings. 

Developed by Coppock, 1962. Uses 
deviattons from trend l ine. 

Derived from the sum of squared 
deviations from a linear trend line. 

Derived from the sum of squared 
deviations from an exponential trend 
line. 

Deviation from a three year weighted 
average of previous years earnings are 
obtained. Current year's values are 
weighted by 0.5. Two previous years are 
weighted by 0.25 

Absolu'te deviations from an n-ye ar 
moving average are calculated. Value of 
n is determined a priori. 

As f o r linear l e ast-squares but uses 
av e rage pe r cent a ge deviat i on f r om 
linear tre nd. 

Developed by Knudsen and Parnes. Uses 
normalized variance of transit ory tncome. 

Standard de viatio n divided by the me a n. 
Is oft e n applie d to r aw a nd detrended 
d a t a . 

Developed by Cuddy a nd Della Vall e . 
Ad j ust s the coeffi c ient of vari a tion by 

J (1-Rf) 

Vari a t io n Mea su r e on a f il te r ed 
s t o chast i c pr ocess . 



APPE NDIX E 
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TABLE XVIII 

\VO R'\(.SllEET FOR COMPUTING COPPOCK'S I NDEX 

(l) 121 131 141 151 161 171 181 191 

---.---------------------------------------------------------------------·-----------------------------------
Veir Ouint it y Price Rtnnue Ln of lit. Di fferentt ln tat Ln Difftrenct 151 -K 181 Squire 

KT KSh/KQ KSh. Revenue of Revenue Di fference SqUMI 
111tl21 ln 131 ITrendl 161tt2 

------------------------------------------------------------------------------------------~------------------
1964 42304 7.r1 308396160 19.54689 -0,09001 -0.20701 0.04285 -0.21317 0.04544 
196!5 38399 7.34 281848660 19.45688 0.29629 0.17928 0.03214 0.17313 0.02997 
1966 :54461 6.96 379048560 19.75317 -0.19109 -o.30810 0,09492 -0.31425 0.09875 
1967 50748 6.11 313l15160 19.56208 -0.20134 -o.31835 0.10135 -0.32450 0.10530 
1968 :n:m 6.81 256015140 19.36074 0.27457 0.15756 0.02483 0.15141 0.02292 
1969 . 50969 6.61 336905090 19.63531 0.27912 0.16211 0.02628 0.15596 0.02432 
1970 53725 8.29 445380250 19.91443 0.19785 0.08084 0.00654 0.07469 0.00558 
1971 56426 9. 62 542818120 20.11228 -0.09215' -o.20916 0.04375 -0.21531 0.04636 
1972 63142 7.84 495033280 20.02013 0.36837 0.25136 0.06318 0.24521 0.06013 
1973 75317 9.50 715511500 20.38850 0.07041 -0.04660 0.00217 -o.05275 0.00278 
1974 71681 10.71 767703510 20.45891 -o.08777 -o,2047B 0.04193 -o.21093 0.04449 
1975 67615 10.40 703196000 20.37114 0.97579 0.85878 0. 73751 0.85263 0.72698 
1976 77546 24.06 1865756760 21.34693 0.78405 0.66704 0. 4-4495 0.66089 0.43677 
1977 94314 43.33 4086625620 22.13098 -0.49405 -o.61l06 0.3733~ -o.61721 0.38095 
me 85392 29.20 24934464~ 21.63693 -o.12004 -0.23705 0.05619 -0.24320 0.05915 
1979 71241 28.64 2212182240 21.51689 ~0.02233 -o.13934 0.01942 -o.t4549 0.02117 
1980 80066 27.01 2162582660 21.49456 0.01130 -0.10371 0.01117 -0.11186 0.01251 
1981 86108 25. 40 2187143200 21.50586 0.2792~ 0.16224 0.02632 o.15o09 0,02436 
1982 100968 28.64 2891723520 21. 785ll 0.10184 -o.01517 0.00023 -0.02132 0.00045 
1983 90444 35.40 3201717600 21.88695 

------------------------------------------------------------------------·------------~-----------------------

,_. 
0'\ 
0 



TABLE XIX 

CALCULATION OF THE COPPOCK INDEX 1' 

Calculating the Inde~ According to Equation !2.1l 

al llean of (:il 
bl Log-variance 171 
cl Square Root of lbl 
dl Antilog of lcl 
el Value in !cl less one 
fl Instability Index !Coppock's I-II 

Deriving Coppock's Index Using II as defined 
in Equation 12.21 [II is Derived fro• the First 
and the Last Obsevationsl 

Value of II calculated as in Equation 12.21 
al Use RoN (41 

il Last llinus First 
iil Divide il by n-1 to Obtain II 

bl Calculate 1st difference less II !Row lBt 
cl square of (bl 
dl Su1 of lcl 
el Divide (dl by n-1 
fl Find the square root of ldl 
~~ Find the antilog of Cfl 
hl Subtract one from lgl 
il llultiply lhl by 100 to obtain the Index 

Conclusion 

The instability indixes derived fro• the original 
and the "si1pler" approach differ by O.OOBB, iaplying 
that they are essentially the si1ilar. 

* For details on procedures, see 
Coppock, Joseph D. (1962) : pp. 23-
24 and Knudsen, 0 . and Andre\v 
Parnes (1975): p . 12. 
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