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CHAPTER I
TINTRODUCTION
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 in 1963. It has a parliamentary system of government,
with a president as head. Normally, elections are held every five
yvears. Suffrage 1s universal over the age of 21. Since independence,
the country has had remarkably stable political 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 the coast is 27 degrees
centigrade while at 1,500 meters, the temperature varies between 21
and 26 degrees centigrade. Annual rainfall varies from a high of 250
centimeters around 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 dépicted in Figure 2. A World Bank report (1975)
described the zones and their agricultural potential. These are

briefly described below.
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Zone 1: This covers about 800 square kilometers. Land is
limited to water catchment.

Zone 11: This extends some 53,000 square kilometers. It has
high agricultural potential. Tea, coffee and
livestock are the major commercial activities.

Zone 1I1: 1t covers about 53,000 square kilometers. TLarge scale
commercial wheat, maize and barley are grown in the
zone. Maize production 1s dominant in small scale
farms. TIntensive livestock activities are possible.

Zone 1V: Having roughly the same area as Zone III, the zone has
limited agricultural potential. Cotton, pulses, sisal
and oilseeds arelthe main cash crops. Some commercial
ranching is practiced,

Zone V: The zone covers some 300,000 square kilometers. It
has moderate rangeland development potential.
Wildlife is important.

Zone VI: This zone covers about 112,000 square kilometers.
Rainfall is erratic. Nomadic pastoralism is the main
activity.

Thus, Zones II and III, forming less than 20 percent of the
country, could be classified as having high to medium agricultural
potential. The rest is either marginal or low potential under
existing ecological conditiomns.

The Kenya Economic Survey (1985) estimated Kenya's population at
18.8 million in 1983 and growing at about 4 percent per annum, The
estimated per capita gross national product for 1980 was equivalent to

$420 U.S. (IBRD/World Bank, 1983). This declined to $310 U.S. in 1984



(World Bank, 1986). The high population growth rate is an impocrtant
development problem for the country. 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 agriculture.
The youthful nature of the population raises dependency problems. The
IBRD/World Bank (1983) reported that in 1976, a square kilometer of
agricultural land in Kenya supported a population density of 231,
making it one of the highest in Sub-Saharan Africa.

Essentially, Kenya has a '"mixed" economic system. Diverse forms
of economic organizatlions and incentives exist. Private enterprise is
encouraged. However, the Government also advises and participates
directly or indirectly through state-owned or parastatal corporations,
Cooperatives, especially in the agricultural sector, have been
central to economic development. For the period 1964 to 1973, the
average annual growth rate of total GDP was 6.6 percent, with
agriculture and manufacturing growing annually at 4.7 and 8.4 perceat,
respectively (IBRD/World Bank, 1983). Performance has been erratic in
the later part of the 1970's and early 1980's. The average growth
rate in GDP in 1983 was 3.5 perceat (Kenya, Economic Survey, 1985).
Although the agricultural sector contributes about 30 percent of GDP,
Kenya is still an agriculturally dependent country.

Kenya's agriculture (s dichotomous in many ways. There are land
areas with high and low agricultural potential, large and small scale
farms, crop and animal production systems, as well as subsistence and
commercial agricultural production. De Wilde (1984) estimates that
the share of market oriented agricultural GDP has risen from 42

perceut of the total agricultural GDP in 1964 to about 50 percent in



1977. Thus, commercial agriculture plays an important role in the
country's market oriented economy. It is this subsector which
provides much of the stimulus 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 production activities as well as those directed
toward the domestic market.

In 1980, it was estimated that 74 percent of Kenya's net foreign
exchange earnings were from agricultural sources (Schulter, 1984),
Coffee, tea and sisal are the major exports. Major food commodities
which enter the domestic marketing system are maize, wheat and liquid
milk. These six commodities form the backbone of Kenya's commercial
agriculture. At the macroeconomic level, the commodities are
complementary in nature. The export commodities provide foreign
exchange which is used to import fertilizers, energy and machinery.
Occasionally, export earnings are necessary to pay for food imports.
At the farm level, some of these commodities compete for producers’
land and labor resources. Typical examples include the competition
between cash and food crops for land in small scale production systems
in the Central Province. At the national level, the subsector is
viewed as the major source of employment for the expanding labor force
given the limited employment opportunities in the non-agricultural
sector.

During 1960-70, the average annual growth rate in agricultural
production was 3.3 percent, This rate declined to 2.7 during the
1970-82 period (IBRD/World Bank, 1984). Between 1972 and 1978, the

commercial subsector grew at the rate of 2.6 percent (IBRD/World Bank,



1983). A study by Josling (1984) revealed the average annual growth
rate in agricultural export earnings for the period 1970-79 was 17.8
percent, However, the rate of growth of purchasing power was 1.9
percent. Thus, the growth rate of export earmnings 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
price fluctuation indices for coffee and tea during the period 1955-81
were 17.7 percent and 7.7 percent, respectively (Singh, 1981). Market
concentration is declining although the traditional industrialized
nations still 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,

Accompanylng the above imbalances has been the devaluation of the
Kenya currency against the United State's dollar by about 47 percent
between 1970 and 1983, A recent World Bank study on Kenya (IBRD/World
Bank, 1984) indicates that during the period 1970-82, the annual
growth rate in 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 in 1982. The economic shock
of 1973-74, that arose from an increase in oil prices, led to a
decline of 12 percent in terms of trade resulting in an approximate 5
percent loss in income in real gross domestic product (IBRD/World

Bank, 1983).



Concerning Kenya's geographical factors, Wolgin (1975) noted that
climatic and ecological conditions vary widely across space and time
in Kenya. Variation in space gives rTise to well-defined
agroecological zones. Often there is a predominant activity in 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
small 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
welghts 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
in the basic foodstuffs with the surplus being exported profitably;
(2) a reasonable degree of food security in the country; and, (3)
increased availability of nutritionally 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 price incentives to producers and improvements in the
marketing system.

Kenya has been mavginally self-sufficient in the basic
foodstuffs. 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 estimate food comsumption will grow by 4
percent per annum (IBRD/World Bank, 1983). Kenya must expand its food

supply and distribution network if 1t is to meet increased food



requirements. Otherwise, the rapidly growing population and its
changing spatial distributions could destabilize producers' income
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 risks and benefits are assumed by
agencies. A breakdown in coordination among agencies may result in a
Cournot~like decision making process, especially concerning
production, An agency would set the price for the commodity in which
it is responsible assuming that the other agencies would not change
their positions. This approach ignores the possibility of commodity
substitution at the farm level. Some observed production distortions
and disincentives accrue from lax coordination among these agencies.
The government controls producer and consumer prices for the principal
food commodities. Despite the fixing of producer prices, non price
factors reduce the effective net farmgate prices. For example, delays
in payments by the agencies have negative temporal effects on farm
operations. Coupled with environmental vagaries, a producer's
marketed supply response may be based on the expectations of average
revenues instead of fixed prices as is commonly stipulated (Scandizzo
et al., 1984).

There 1s ample evidence to suggest that the major constraints to
achieving desired goals in the agricultural commercial subsector are
economic and political rather than technical or biological (IBRD/World

Bank, 1983). Most agricultural commodities have the potential of
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entering the commercial subsector. In recognition of this potential,
the government of Kenya has been developing guidelines for
agricultural marketing and pricing policy. 1In general, the objective
has been to promote efficiency of the marketing system and spur
agricultural production through increased "competition." 1In designing
policies for the commercial subsector, price rather than quantity or
average revenue instruments are commonly used. Accordingly, producer
prices are set with consideration of border prices, production costs,
supply trends, effects on consumers and the promotion of specific crop
or animal activities. These are reviewed regularly as part of the
Ministry of Agriculture's Annual Price Review. Thus, domestic prices
are, implicitly, the result of a form of welfare optimization. Policy
has been formulated under unstable domestic and external environments
resulting in possibly unnecessary shifts in resource use and ensuing

production and income instabilities.

The Problem

The preceding description suggests that commercial agriculture in
Kenya faces three potential sources of instability: demand, supply,
and government. Demand instability may arise from variability in

consumers'’

tastes and preferences, 1ncomes, and prices of other
commodities. Also, exchange rate effects arising from domestic fiscal
and monetary policies and import trade restrictions of its trading
partners contribute to demand instabilities.

Changes in production conditioms, orices of inputs, and technical

change are the common sources of supply instability. Government may

contribute to variability through its responses to market fluctuations
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and regulations which affect supply and demand situations.
Conversely, well conceived and implemented government policies may
decrease variability associated with unregulated supply and demand.
The relative importance of each source in the subsector varies across
time, form, and space.

Instability in agriculture has been the subiect of many studies.
Following the pioneering work of Waugh (1944), 0i (1961) asserted that
producers rather than consumers stand to benefit from price
instability if the imstability is the result of random fluctuations in
selling prices. 1In a similar Marshallian framework, Massell (1969)
demonstrated that instability benefits neither consumers nor producers
when jointly coasidered. The crucial element, in the formulation of
appropriate policies on stabilizatiom, is availability of information
on price elasticities of supply and demand. ‘

In developing countries, the authenticity of the estimated
elasticities is as questionable as Bateman's (1965) observation on the
long run influence of prices in producers' decision making process.
Chenery (1983) makes the point that the decision to use price or
quantity as a policy instrument should be made 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 imstability,

Producers' income instability in Kenya's commercial agricultural
sub-sector can be traced to economic coanditions prevailing in both

international and domestic environments. Brodsky (1983) demonstrated
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that the measurement of export 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 producer prices, in a small country like Kenya,
from unstable world market situations are often futile,

Studies on the correlation between growth of exports and the
gross national income have been inconclusive. As noted by Myint
(1984) a positive or negative statistical association between growth
of exports and gross national income may imply that export expansion
is the cause of economic development, eccnomic development is the
cause of increased exports, or other factors cause changes in both,
However, for Kenya, especially in the 1970's, international events
have had ripple effects on the performance of 1ts economy.
Recognizing 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
(Corden, 1974),

Empirical findings elsewhere indicate that government
stabilization programs can lead to net welfare gains (Gardner et al.,
1984). The success of individual programs depend upon the nature of
the policies implemented in response to the unstable environment.
Agricultural production and trade policies may have long run and/or
short term effects on producers' income. Usually, instability is the
focus of short term policy responses. Thus, one prerequisite for
sound Kenyan policy formulation is the measurement of instability, the

ldentification of its sources, and the evaluation of alternative means

of stabilizing income in the commercial subsector given the prevailing



13

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. Specific objectives

include:
1) to review appropriate statistics for measuring export
earnings instability;
2) to quantify producer earnings instability from the export of
selected coﬁmodities;
3 to egamine producer income instability from selected
domestically marketed commodities;
4) to evaluate the following domestic policy instruments under
selected economic scemarios:
1) no government intervention;
ii) minimum price support policy;
1ii) guaranteed minimum income policy; and,
5) to develop policy recommendations which incorporate producer

income stability as a goal.

Hypotheses

This study is organized around the working hypothesis that
information on producer income instability in the commercial
agriculture sub-sector will be useful to Kenyan policymakers in

formulating domestic agricultural, agricultural trade, and general
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policy. Specific hypotheses to be tested include:

1) export instability may be appropriately measured in terms of
Kenya's currency;

2) impacts on producer income instability are greater from
commodities exported than from commodities marketed
domestically;

3) certain domestic policy instruments could be effective in
stabilizing the incomes of agricultural producers; and,

'y 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
instability. The measure has been used by many authors in empirical
studies pertaining to instability. These include Labys and Thomas
(1975), Labys and Perrin (1376), Newbery and Stiglitz (1981), Schmitz
and Koester (1984), and Bigman (1985). This section gives a general
overview of the procedure used in this study. Further details are
given in the chapter on methodology.

Objectives one and two will be achieved by using a variant of the
approach used by Brodsky (1983). The main export crops are valued
using major Lnternational currencies and the national currency.
A basket currency, represented by the Special Drawing Rights (SDR) is
also used., SDR has been defined sincg 1970 but figures have been
calculated for years prior to 1970. Export earnings instability is
calculated for each numeraire currency using the general approach of

Cuddy and Della Valle (1978). To determine the effects of using the
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different numeraire currencies, the correlation coefficients between
the various indices, as derived above, are calculated. 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 comnsisting 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 stochastic process ‘reflects variation in agricultural
production in the subsector and in domestic and world
prices.

3. A set of domestic policy instruments which can be used to
describe government reaction to specified contingencies.

Domestic policy simulation is carried out within a partial equilibrium

framework,
Organization of Study

The rest of the thesis is organized as follows: A review of
literature is presented in Chapter II. In Chapter III, methodological
and theoretical issues are discussed. Measures and sources of Kenyan
income instability are presented in Chapter IV. The effects of
government stabilization programs are presented in Chapter V. The

summary and the conclusions of the study are presented in Chapter VI.






CHAPTER II
REVIEW OF LITERATURE
Introduction

It is 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 idgntify and analyze 1ts sources,
effects, and means of control. This phenomenon has had neither a
precise definition nor a unifying principle underlying its
quantification (Gelb, 1979). The purpose of this chapter is mnot to
present a comprehensive review of the theoretical and methodological
research on the subject. ﬁather, the focus is on contributions
relevant to the anralysis of income instability im the agricultural
sector of a developing economy. This chapter is thus divided into two
main sections. The first section examines common methods of measuring
instability of one or more variables. The literature on market models

of instability is described in the second section.
Measuring Instability

The array of past measures of instability can be categorized
according to their purpose. Two categories are readily identifiable.

First, are those that attempt to capture the degrees of instability

17
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among single variables. Second, for functionally related variables,
are those that endeavor to apportion variability among their
components using statistical identities. TIn both cases, the degree of
instability has been measured without any explicit assumption about

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 literature. Some of
these indices are listed 1in Appendix D. The major concern 1s that
using similar time series data, but employing different indices, often
results in widely differing conclusions. This has serious policy
implications. Glezakos (1970) presents a statistical verification of
some indices that have been used in export instability studies. Some
of these indicators are discussed by Xnudsen and Parnes (1975) and a
recent review of the measures is presented by Offutt and Blandford
(1983). Disparity among the measures arises primarily from methods
used to eliminate trend and to weight the deviatioans from the trend.
Tndices derived from variance and mean absolute deviations are
discussed below.

Nne of the earliest indices of instability, a logarithm—variance

type, was developed by Coppock (1962). The index, Tc, is defined as:

1
1 n-1 Xt+1 2=
Ic = antilog of -— 3% lo - M (2.1)
n-1 t=1 Xt
where
X, = the logarithmic First difference of the variable
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t = time

n = the number of observations
n-1

M =1/n-1 tEllog xt+l/xt

An example of its application is given in Appendix E,

Two advantages of the index are apparent. First, by taking the
first difference, much of the linear tread is removed, Secondly,
influences of peripheral observations are abated by taking logarithms
of the data. The major drawback 1s 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 iIs a function of

the two points. From equation (2.1), M can be rewritten as:

=
1

1/n-1 (logxz—logxl+1ogx3-logX2+...+loan—loan_l)

]

1/n-1 (logxn—logxl) (2.2)

Equation (2.2) demonstrates that the formation of the expectations
revolves around X, and X , the first and the last observations,
respectively. Thus, intermediate observations are excluded in the
process., This raises conceptual problems. There is no reason to
assume only Xl and Xn as the basis for forming expectations.
Furthermore, the exclusion makes the index sensitive to the period
selected. However, it has been used in a number of studies related to
export trade instability. Recent examples include Leith (1970), and
Rangarajan and Sundarajan (1976).

Instability among single variables can be compared by

coefficients of variation (CV), which express the standard deviation
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for each variable as a perceat of the arithmetic mean of its
observations. The index is Erequently used and easily interpretable.

For a set of observatioms, the index is defined as

1
3

n
z (xt—x)2
100 t=1
ICV = ' (2.3)
X n~1
where
Xt is the value of the variable in time t, t =1 . . . a.

X is the arithmetic mean of X.

As defined in (2.3), the Loy index is 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 is necessary to
separate the long run trend component from the short ruan variations
about the tread. Cuddy and Della Valle (1978) indicated that Loy
would overestimate the degree of instability if the trend is
statistically significant. Nevertheless, the World Bank (1975), Labys
and Thomas (1975}, and Labys and Perrin (1976) have used the untrended
cv (ICV) index.

The importance of trend removal cannot be overemphasized.
Massell (1970) stated that the type of trend fitted to time series
data determines the index of instability obtained. He postulated that
countries tend to plan in terms of growth rates rather than in terms
of absolute increments, Consequently, using an exponential rather
than a linear form is justified. Although he used the linear form, he

observed that, empirically, the former function provided a better fit
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than the latter for the sample of countries considered. The fitting
of a logarithmic function presumes an exponential relationship between
the deterministic part of the dependent variable and time. Depending
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 in detrending
their data.

By fitting a linear form to remove trend, the exact part of the
dependent variable is proportional to time. In using this form,
Hazell (1982) stated that it does not assume a deterministic compcnent
for any relationship between the variance of the dependent variable
and time. Hazell (1984, 1985) used quadratic forms because of the
above assevtions and the ease with which unbiased and efficient
astimates of the variances and covariances are obtained from the
resulting variance-covariance matrix.

The basic procedure uses ordinary least squares to fit the

desired functional form. The linear form:

R, =a+bt +e (2.4)
where
Xt denotes the value of the variable in time t, t =1,
2 0.

e, is the error term.

Using the linearly detrended data, Massell (1970) arrived at his

index, T, as follows:
Me
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—
]
N

ne s

~.2
(xt—x)

(2.5)
Me

51| —
=3

where
I denotes Massell's index,
Me
X is the fitted value of X, estimated as per equation (2.4).

The variant of Massell's index used by Yotopoulus and Nugeant (1976) 1is

defined as

— —_—

n ~D i
$ (logX -logX)
t
1 t=1
I, = A (2.6)
My logi n
where
IMV refers to the index used by the above authors.

X is the fitted value of X, estimated using the

transformation where
Log (Xt) = a + bt + e (2.7)

Cuddy and Della Valle (1978) noted the statistical bias in I’Vle

and 1T In their derivation, the divisor, n, was used instead of

M1°

the generally accepted n-2, the degrees of freedom in equations (2.4)

and (2.7). Also there is a debate as to whether to use linear or

exponential functions when detrending the data. To alleviate the

problem, the authors developed a general approach. The starting point
2

is R", the coefficieat of multiple determination from a multiple

regression model:
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R =1 - (2.8)

The relationship in (2.8) can be expressed as

n
~ D - 2
D(x -x)% = (1-k%) I (X-%)
t £
t=1
o ;
ro(x -%)°
t
9 n-1\fe=1
= (n-k)(1-R") (2.9)
n-k n-1
where Kk 1s the number of independent variables. Note that the square

of the standard error (SEE) of the Ttegression and the standard
deviation of X can be derived from (2.9). Using the definition of the

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

index, I, , can be derived as
Ga
SEE 9 n-1
I, = 100 — = ¢v (1-r%) (2.10a)
X n-k

Recognizing that [:] above is equal to one minus the adjusted
coefficient of multiple regression, ﬂz, equation (2.10a) can be

simplified as

-2
I, = cvi(l-r"

1. -
. )1E L '2 >0 (2.10b)

The above general approach has the following advantages:
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(1) The index can be compared across several types of trend

relations

(2) The 1index is bounded by the lower and upper limits of the CV

of the data. Thus, given that g2 = l, then Io =0
implying the observations show no deviation from the
estimated regression line. 1If R? = 0, then I, = ¢v
suggesting that no additional information to that in CV
accrues from the regression model,
The main disadvantage is that ﬁz assumes only positive real 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 market policy of the European
Economic Community (EC).

The mean absolute percentage deviation (MAPD) is an aiternative

index of instability to those derived directly from the variance.

Defined as

_ _ t
MAPD = IAD = 100/n § |—— (2.11)

Newbery and Stiglitz (1981) showed that it can be converted to CV if
certain assumptions about the distribution of X are made. For a

normally distributed series about X, with CV as O,

(2.12)

o3

AD

1.25IAD



A log-normally distributed series would enhance the approximation to
the index.

On export trade, Brodsky (1983) showed that the indices are
highly sensitive to the units in which the exports are measured.
Thus, the use of a strong curreacy such as the U.S. dollar as the
numeraire currency when developing export earnings instability for a
developing economy may yield invalid conclusions. He suggested that
an export weighted measure or a proxy, calculated as a basket currency
may be a relevant numeraire currency.

Gelb (1979) asserted that instability should be treated as a
varliation measure on a filtered stochastic process. Using spectral
analysis procedures, time series data could be decomposed into Fourier
components. The sum or the integral of the variaaces of the
components yields the variance of the series. Gelb classified the

components into frequency groups with very high frequency components

being associated with a duration of one year. A duration of over 5
years was assocliated with low frequency components. He concluded
that:

1. The common indices of instability do not explicitly indicate

which components are being considered.

2., Using short time series data (10 to 15 years) worsens the
situation.

3. At least on costs of buffering the export earnings
instability, research and policy emphasis should be toward
the lower frequency components.

Based on Gelb's findings, Newbery and Stiglitz (1981) pointed out

that very short duration components could be easily taken care of by
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the agricultural producers. Also, very long period components could
be accommodated gradually. Therefore, the main councern is on the
medium period fluctuations. The common indicators of instability
described above measure the components imprecisely because short time
series data are commonly used, The authors' study suggests that, for
a nonstochastic case, an adequate measure for price instability can be

obtained if:

1, The time series data cover a period of twenty-five years.
2. An exponential form is used to remove the trend.
3. The deviations about a centered five-year moving average are

then used.

4, The prices are real.

Sc far, certainty wi4th respect to the values of the variable has
been assumed. This 1s not always true. Newbery and Stiglitz (1981)
argued that forecast errors are better measures of instability that
could be alleviated through interveation 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

perlod,

Identity Functions

Some random variables are identity functions of other random
variables. There are additive and multiplicative identities.
Additive identities are used to partition the total variance of an
aggregate into that attributable to its components. Multiplicative
identities are used to apportion variances of products into those

attributable to their elements.
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The decomposition procedure is as follows: Let Xl’ e, X
n

2

be a random vector having multivariate distribution with variances 0Oy,

2 . .
‘e ey Gn. For aggregate identities, the aggregate value, Sn =
n

b Xi and the variance of S is given by
i=1

Var(s ) =
o

[N =

2
), * Z.Z Cov (Xj, X.k) (2.13)

k=1 1,k

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

with j < k. Dividing both sides by var(Sn) yields

n 2 n
L g 2 L Cov(X., )
k=1 < ik it
1 = + (2.14)
var (S ) var(s )
n n

The first term on the right hand side may be considered as the
variability that 1is associated with the individual components. The
second set of terms indicates the contribution of the interaction
between Xj and X, . Thus equation (2,14) can be used to identify
sources of instability. This assumes that variance is 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 variability. The interaction between Brazil and
other countries contributed only 13,87 percent. Rourke extended the
study to the contribution of individual states'in Brazil. His
conclusions were that in terms of world instability, the focus should
be on Brazil. Within Brazil, the attention should be on Parana and

Sdo Paulo. Nevertheless, the procedure does not provide an



28

explanation as to the causes of instability. Offutt and Blandford
(1983) suggested that more informatioa could be obtained by
decomposing the mutliplicative relationship between area and yield.

Decomposition of multiplicative identities has drawn substantial
interest in agricultural production because of policy implications,
Early studies include the works of Foote, Klein and Clougﬁ (1952) 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 1in acreage
and yield. He proposed taking the natural logarithm of the identity
and thus obtaining an additive relation in terms of logarithms.
Production 1s then regressed on acreage and yield independently. The
sum of the coefficients {s equal to unity, implying that total change
in output 1s explained.

The primary criticism offered by Burt and Finley (1968) is that
Sackrin's model does not account for the interaction of the two
variables. 1In consequence, Burt aand Finley developed an alternative
procedure similar to Goodman's (1960). The approach rests on a Taylor
series expansioan. Thus, given the function y = x, k6 x the

1 "2

Taylor's series expansion is

y = xliz + (xl—il)iz + (xz—iz)il + (xl—il)(xz—iz) (2.15)

where Xy and x, are jointly distributed random variables with §l

and X,, their arithmetic means. The mean of can be obtained b
2 y y

taking the first moment of y such that
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Ely] = iliz + COV(xl, x2) (2.16)

The variance of y is defined as

il

Var(y) E[y—E(y)]2

E[(xl—il)§2+(x2—i2)§I+(x1—i)(x2—§2) -

2
Cov(xl,xz)]

= X Var(xl)+XlVar(x2)+2xlx2

2 Cov(xl,xz) +

)12

E[(Xl—il)(xz—iz) - Cov(xl,x2

2% B (x =%, ) (=% )7 + 2E,E(x =% ) (xy-%))  (2:17)

Given two products of jointly distributed random variables, the exact
expression for their covariance is given by Bornstedt and Goldberger
(1969).

In equatioan (2,17), the first two terms are the direct
contribution of X4 and x, to total variaance, The third term is
the first order interaction effect. The last two terms involve higher
order cross moments than the cov;riance terms. Burt and Finley (1968)
and Hazell (1982) stated that in most cases, the last two terms are’
relatively unimportant and theilr sum can be treated as residual.
Assuming the fourth term neutral, then the first three terms could be
used to make asymptotic approximations of the total variance.

Offutt and Blandford (1983) applied the Burt and Finley method to
actual farmers revenue data for ten U.S. field crops. in the study,
revenue 1s the product of price and output and the two variables are
not independent. The result of the decomposition Lndicated that price
was the most important source of revenue instability for eight of ten

commodities. Also the results suggested that higher order terms were
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often too large to be ignored. However, the higher order terms are
not easily interpretable in an economic sense.

Burt and Finley (1970) noted an improvement in the approximation
when linear trended data were used., OQffutt and Blandford observed
that the improvement is outwelghed by the loss of identity of the
original data upon which the Taylor's series expansion is based. The
basic flaw of the Burt and Finley procedure is its inability to
provide information on structural relationships.

Hazell (1982) developed a procedure for identifying sources of
change in instability between two periods through the decomposition of
multiplicative identities. The technique assumes that changes in
variances 1is a measure of changes in instability of the variables
being studied, From equation (2.17), the following relationship can

be used to express total variance:

Var (y)=% Var(xl )+E§Var (‘xz)+2§11—<200v(xlx2)—Cov(xlx2 )2+R (2.18)

2

where R is the residual term. Equatiocn (2.18) shows that means of the
variables are involved. Therefore, their changes affect the change in
total variance. Similarly, the expectation of y given iLn equation

and x.,.

(2.16) is influenced by changes in covariance between X, 5

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

derived the changes as follows:

E[vl] = %)%y, + Cov(xll,XZl) (2.19)

In a similar way, the relationship for period 2 can be written as:

E[yzl = K Ry, + CoV(xll,xzz) (2.20)
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This can be rewritten as:
El}z] = (il1+Axl)(§2+Ax2)+Cov(xll,x21)+Acov(xl,x2) (2.21)

where A denotes change in the respective variable, that is, the value
in period 2 less that in period l. Changes in the mean of y over the

two periods 1s given by:

AEly] E(yz) - E(yl)

]

xle2+x2Axl+Ax1Ax2+ACov(xl,xz) (2.22)

The first two terms in equation (2.22) are the direct effects. The
third and the last terms refer to interaction and changes in
variability of X and LI respectively. Following a similar
procedure, the variance of y, Var(y), can be obtained.
Hazell (1982), using the above methodology, analyzed instability
in Indian food production. He examined the following propositions:
1. The development of less risky technologies is a direct way
of alleviating production instability in India; and
2. Instability can be reduced through stabilization of
year—-to-year adjustments in crop cereals sown,
The results indicated large increases in yield and area-yield
correlations between crops. Consequently, the first proposition would
be a useful target for farm or micrclevel stabilization policies. The
presence of high iantercrop and interstate correlation would reduce the
effectiveness of the second proposition when the whole of India is
considered. These observations suggest that instability could be

reduced by taking advantage of the covariance to allocate production

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 covariances in India to increased adoption of
improved production technologies. Other sources of variability
include increases in price variability, unpredictable rainfall
patterns and unstable supplies of inputs. For the U.S., the increase
in total cereal production was dominated by increases in means and
variances of yields, The increases in interstate yield correlation
were restricted to corn. This could be attributed to the narrowing of
the crop's genetic base.

Hazell (1985) applied the same procedure in an attempt to
identify sources of instability in world cereal production. The most
important sources of total production instability were increases in
yield variances, interregional yield correlations for the same crop
and different crops, and a decline in yield-area correlation. As in
the earlier two studies, the author suggested a more detailed study to
identify fully the sources of these changes. Again, Hazell's model
does not present any information on underlying cereal production.

Piggott (1978) outlined an altarnative method of decomposition.
It ianvolves apportioning total variance of gross revenue iato
components that are attributable to demand and supply variability and
the variability of the interaction between demand and supply. The
model assumes linearity in the demand and supply functions. Counstant
slopes over time and additive disturbances as shifters are also
assumed. Demand and supply functions are estimated and equilibrium
values are determined from which gross revenue, expressed as product

of equilibrium price and quantity, is derived. The analysis yields
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similar results as the Burt and Finley approach for price 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 decomposition of ideantitlies procedure
to identify the source of export earnings instability for several
countries. Assuming that the variables were normally distributed in
logarithms, the variation in export earnings (E) were decomposed into

price and quantity components from the identity:
Var(log E) = Var(log P)+Var(log Q)+2Cov(log P,log Q) (2.23)

The sign of the covariance term, positive or negative, indicates
whether the variations in supply or demand, respectively, have been
the main source of instability. The results indicated that supply was
the primary source of instability. Furthermore, earnings instability
was relatively unimportant where price volatility was the dominant
factor., Similar analysis based oan individual commodities supported
the above results (Riedel, 1983).

Corden (1974) stated that in a situation where supply instability
1s general to the economy, not limited strictly to export commodities,
and the authorities have no foresight, second-best policies designed
to stabilize the economy, such as an export tax, may not be
appropriate. The models reviewed thus far are analytically silent on

this issue.
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Market Models of Instability

Market models of instability have appeared in two basic
categories: Partial or Marshallian framework and the general
equilibrium approach. Most of the studies on commodity price
stabilization fall into the former category. The complexity of
modeling instability in a general equilibrium framework is reflected
by the few studies that started with the work of Brainard and Cooper
(1968). Recently, Jabara and Thompsoan (1980) specified and
empirically tested a general equilibrium model of agricultural trade
for Senegal. The present study centers on the commercial subsector of
the Kenyan economy. Thus, this review_of literature concentrates on

partial rather than general equilibrium,

The Waugh-Oi-Massell Framework

The early theoretical framework for analyzing price stabilization
within a partial-equilibrium ;‘.ramework was advanced by Waugh (1944),
0i (1961), and Massell (1969, 1970), Waugh used the concept of
consumer surplus to examine the effects of price instability on
consumers of agricultural products. Assuming that consumers purchased
more at low prices and less at high prices, Waugh concluded that, for
a given unstable demand and supply situation, consumers would benefit
from instability. 01 arrived at similar conclusions for producers
using the producer surplus concept. The model presumes that producers
respond instantaneously to price changes. Schmitz (1984) stated that
similar results could be obtained by assuming that the expected prices

and quantities are realized.
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Both Waugh and 0i models coasider consumers and producers of
agricultural products separately. Massell (1969) demonstrated that
instability is not beneficial to either group if they are jointly
considered and the supply and demand curves are not perfectly
inelastic. 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 is not usually
achievable. Consequently, the effects of partial price stabilization
strategies have been studied. In this context, Massell (1970) and

Just, Schmitz and Turnovsky (1979) utilized buffer stock as a policy
action and assumed a linear adjustment rule in their studies. The
presence 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 lose from
it. These contradict the findings of Massell (1969). Also, converse
effects are obtained for the case of a sufficiently nenlinaar supply
curve when the demand 1s the source of instability. Nevertheless, the
net effect is positive when both groups are considered jointly. The
policy implicatioas of a non-linear demand curve are expressed in
Hillman, Johnson and Gray (1975) and supported by the findings of Just
et al. (1978). 1In this context, a steeply sloping demand curve at

higher prices while shallowly sloping at lower prices, would lead to a
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change in storage policies from those favoring producers to those
which are beneficial to counsumers.

Turnovsky (1976) extended 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) extended the basic Waugh-Oi-Massell
framework to i1nternational trade where external markets are unstable
and internal supply reacts 1instantaneously 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 Hueth-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 results were:

1. If trade is restricted by tariffs, and the source of price
instability is abroad, the importing country benefits from
price stability.

2. If trade is restricted by marketing boards and the source of

instability remains external, the importing country loses
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from price stabilizatlon.
Implicitly, the latter proposition provides an approach to alleviating
producer risks in an exporting country through the use of marketing
boards.

Just et al. (1978) modified the Hueth—Schmitz model to include
distorted trade situations with nonlinearity and alternative forms of
stochastic disturbances. Policies leading to this form of imperfect
trading conditions, commonly practiced in western Europe, imply that
domestic commodity prices are insulated and instability is transferred
to the trading partners. Thus, consumers in importing countries lose
from instability while producers in exporting countries gain. Various
government intervention policies on price instability were studied by
Bale and Lutz (1979). Their main conclusion was that governmeats are
primarily interested in domestic rvather than global stability.

The welfare effects of storage under a production cartel have
been analyzed by Young and Schmitz (1984)., With reference to the U.S.
milk industry, the imperfect market situation is generated by presence
of large producer cooperatives and marketing orders. 1In this case,
price stabilization through the use of buffer stock is curtailed.
Results suggest that the government should allow storage and institute
pan—-territorial pricing, that is, a uniform price country-wide. But,
the sensitivity of the conclusions to the assumptions about the demand
function necessitates empirical analysis as a basis for determining
the relevant assumptions,

Konandreas and Schmitz (1978) applied the Hueth-Schmitz model to
study the welfare implications of grain price stabilization in the

U.S. The findings indicated that price stability of the feed grain
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sector benefits both consumers and producers in the aggregate.
However, for the wheat sector, the results were not conclusive
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 price stability of the world 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 rice trade, On average, they lead to
artificial increases in world price and an increase in ianstability, a
conclusion arrived at by Bigman (1979). Fﬁrthermore, ma jor rice
producing countries have the most le}rerage on world rice prices,
Small prod»ucers, although large in terms of rice exports, have a
lesser influence on price.

Subotnik and Houck (1976) analyzed welfare implicatioas of
stabilized consumption and production. They demonstrated stabilized
consumption is the least beneficial in terms of welfare.

The basic assumption of the Waugh-Oi-Massell framework is that
producers and consumers are risk-neutral. The model captures transfer
gains but not risk-response. Just (1975) found that with the
exception of strongly regulated crops, risk is an important Ffactor in
explaining producer supply response. Just and Hallam (1978), on the
same issue, concluded that a price stabilization policy should depend
on the identification of important risk preferences. Recently,
Quiggin (1983) studied the effects of different sources of risk in

wool prices on the risk borne by users. He concluded that the
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long-run effects of price stabilization is to decrease risk faced by
wool producers and increase that faced by users if the major sources
of risk are fluctuations in final demand or exchange rates,

Studies on exchaunge rate volatility have been inconclusive.
Akhtar and Hilton (1984), in a study of international trade in
manufactured goods for West Germany and the U.S., concluded that
uncertainty in 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 (1974) argued that an overvalued
exchange rate can influence the need for government iatervention
policies, McCalla and Josling (19855 succinctly show the importance
of the exchange rate in international trade and development.

Van Kooten and Schmitz (1985) incorporated producer price
uncertainty into the basic Waugh-0Oi-Massell framework. As stated
earlier, this approach considers only price instability. The
following results were found:

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

society from price stabilization.

2. The Oi-Massell case suggests that price stabilization is

Pareto-optimal.

Regarding food-grain consumption in developing countries,
Reutlinger (1982) concluded that unstable domestic consumption is
attributable to internal and not external price or supply instability.
Bigman and Reutlinger (1979) and Bigman (1982) studied the impact of
trade policy oan food insecurity. Thev showed that more trade

liberalization alleviatas food insecurity than does protectionism.
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Valdés (1982) supported Reutlinger's (1977) argument that the
instability problem for less developed countries (LDC's) stems from
fluctuations in real income within the LDC. Valdés argued that the
availability of foreign exchaunge to import food when required is
important for the stability of food consumption. Concerning food aid,
Reutlinger (l976) observed that 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 reduces the

cost of food aid,.

The Newbery-Stiglitz Approach

Newbery and Stiglitz (1981) prdvided a systematic procedure for
assessing the desirability of price stabilization through the use of
buffer stocks., They asserted that the relevance of policy analysis
depends on the identification of the variables to be measured. On
specific price stabilizatién proposals based on the Waugh-0Oi-Massell
approach, their contention is that such policies have less benefits in
situations where risk plays an important role as in the case of most
developing economies. Specifically, their study centers on the
following aspects:

1. effects of risk and uncertalinty on consumption and

productions; and

2. the structure of policies that are implemented by

decision-makers in response to the unstable environment.

Newbery and Stiglitz showed that under certain situations, price
stabilization leads to income instability and if a price stabilization

policy is to be effective, it has to reduce 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
costs "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 for analyzing food
prices under instability. Noting the effects of producer income
instability in rural areas, and without referring to any couatry,
Bigman analyzed the impacts of alternative producer price support and
stabilization programs. For a closed economy scenario with risk
neutral producers, minimum price supports, goverament procurement
programs, guaranteed income and buffer stock policies effectively
eliminate producer iancome risk. Under similar production assumptions,
but in an open economy, the policles are also effective at reducing
income risk. With risk-averse producers in a closed economy, the
policies contributed to greater output and decreased mean prices.

However, in this case, producers'

income depended on the price
elasticity of demand for the commodity.

For internationally traded commodities, Bigman reconsidered the
issue, first raised and analyzed by Newbery and Stiglitz, that with
risk-averse producers and incomplete risk markets, free trade may be
Pareto-inferior to no trade. His simulation analysis showed the above

conclusion applies to price elasticity of demand values that are above

0.6. At lower values, autarky is Pareto-inferior (to farmers) to free
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trade. Nevertheless, if substitution is possible, the product ion
stability of the substitute and its price elasticity of demand would
be important determinants of optimality. Like Newbery and Stiglitez,

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

Producers' Expectations

The above literature assumes producers have perfact foresight on
prices and quantities. But, agriculture abounds with cases where
there is no such ex ante information. Concerning formation of price
expectat ions, Turnovsky (1974) considered two formulatioans: adaptive
and rational.

In the adaptive expectation mechanism, producers supply decisions

are based on anticipated prices as follows:

S(P’E) = 0. + O Pi‘ + v (2.24)

0 1 t

where Pt 1s the anticipated price at time t, v denotes error term,

The hypothesis about the formation of expectations is defined as

PY - PY_ | = V(P __

£-1 PF ), 0<Y<1 (2.25)

17 Te-1

o

where Y denotes the coefficient of expectation. Equation (2.25)
postulates that expectations are revised each period by a fraction
of the forecast error of the previous period.

Turnovsky's study demonstrated that conclusions arrived at by 0i
on the effects of price stabilization do not hold universally. The
conclusions depend on the relative slopes of the demand and supply
curves, the length of the lag in the formation of expectations, and

the autoregressive properties of the error term. The Waugh results

3
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based on consumer surplus, still held. Nevertheless, price
stabilization leads to an overall welfare gain despite the loss by one
group.

In the rational expectation hypothesis, price formulation can be

defined as

* =
Pt =g (®) (2.26)
where B __, defines conditional expectations at the time t-1.

Accordingly, procducers are vational if their predicted prices for
period t are equal to that predicted conditiomal oa all information at
the time of forecasting. This approach eliminates the ad hoc nature
of the extrapolation existiang in the adaptive expectation hypothesis
(Bigman, 1985). Ratlional expectations, in the sense of Muth (1961)
assume that producers behave as utility— and profit-maximizing ageats,
operatiag in a perfectly competitive world.

Based on rational price expectations, Turnovsky (1974)

demonstrated that:

1. There was an overall positive gain ia welfare.

2. If the source of instability is random shifts in the supply
curve, consumers lose from price stabilization policies.

3. If the source of instability is the random shifts in demand,
producers lose from price stabilization. This is true
whenever the random disturbances are not autocorrelated,

Thus, whether the 0L framework is applicable to this group of
decision-makers or not depends on the way expectations are formulated.

Hazell and Scandizzo (1975, 1977) argue and demonstrate that in

risky production envirouments, where output variations are
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multiplicative and ocutput decisions are based on price expectations,
competitive markets are socially inefficient,. 1f decisions are based
on expected unit revenues rather than price, the inefficiency is
eliminated. Revenue expectations account for the joint distribution
of price and output, The authors found that if production is
undertaken 1n risky conditions, revenue expectations lead to less
output than price expectations. GConsequently, 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 arguments put forward by Hazell and Scandizzo,
Bigman (1985) asserted that a producer equates his marginal cost,
which is deterministic, to the expected. price less the risk premium.
The risk premium is assumed to be proportional to the variability of
the unit revenues and price formations follow the adaptive expactation

hypothesis,
Chapter Summary

A review of major contributions in instability studies has been
presented. The first section described the methodologies that have
been put forward in an attempt to measure the degree of instability in
time series data. In the second part, specific market models of
instability and their extensions were surveyed.

It was shown that the problem of measuriang instability is yet to
be resolved despite the large number of indices that have been
developed. The basic problew concerns what instability reflects.
Gelb (1979) states that it should be treated as a measure on a

filtered stochastic process. Newbery and Stiglitz assert that common
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indicators could be relevant if they could measure medium period
fluctuatiouns.

Where random variables are identity functions of other variables,
statistical decomposition provides a means for identifying sources and
the degree of instability of their componeants. The identities may be
additive or multiplicative. The decomposition of multiplicative
ident ities has drawn a lot of interest because of policy implicaticns.
Goodman (1960) developed the procedure for decomposing identities.
This was popularized among agricultural economists by Burt and Finley
{1968). Decomposition of ‘identiti.es is undertaken without any
explicit assumptioa of the underlying structural relationships.
Piggott (1978) outlined an alternative method that considers the
structural relatioaship but it involves restrictive assumptinas that
limit its application in agricultural studies.

Waugh {(1944), 0i (1961), and Massell (1969, 1970) advanced the
basic risk-neutral theoretical framework for sectoral analysis of the
effects of instability. The concept of consumer and producer surplus
1s the basis for the analysis. With producer price uncertainty
coupled with instability, the Waugh-0i-Massell production mode does
not hold. In an alternative framework, Newbery and Stiglitz (1981)
argue that producers are basically concerned with costs associated
with commodity instability, Thus, stabilization measures are location
specific and therefore what to stabilize is an empirical problem.
This proposition 1s supported by Bigman (1985).

Studies on expectations, in the context of instability, have
revolved around adaptive and ratlional price expectations. However,

under risky production conditioas, socially 2fficieat markets are
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obtained when the expectaticns are based on unit revenues rather than
price. Hence, information on producer's production conditions aad his
Eormation of expectations are essential for optimal policy formulation
(Hazell and Scandizzo, 1975, 1977).

The stock of literature on iLnstability emphasizes empirical
findings as bases for appropriate policies on stabilization. There is

an empirically determined information gap on income instability where:

1. agricultural producers are risk-averse;
2. government intervention 1s prevalent;
3. producers face both open and closed economic situations

depending on the commodity they produce; and

4, commodities are functlionally related iln terms of their
resource requirements so that income instability affects all
commodities in one way or another.

These are common phenomena in Kenya and most countries.



CHAPTER III

METHODOLOGY

:

Introduction

In this chapter, an analytical framework for studying income
instability in Kenya's agricultural sector is presented. In
developing the framework, key components relevant to the analysis of
income instability are identified. Theoretical issues pertainiang to
these components are discussed. The problems associated with
emplrical analysis are then addressed.

The first section of this chapter provides a theoretical basis
for the analvsis of demand, supply and government iatervention in
markets for agricultural commodities. Empirical models are specified
in the second section. A model for determining an appropriate measure
of earnings imstabillity of agricultural exports is presented. The
chapter closes with specification of an econometric simulation model.
The components of Bigman's (1985) simulation model are outlined and
given limited theoretical treatment. Relevant variables to be
included in the present study are specified. This simulation model

will be used to evaluate the impacts of predetermined policy

instruments on producers' income instability.

47
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Analytical Framework

This section describes three components of agricultural
production and trade that have a strong impact on lncome of
agricultural producers. Supply, demand and government interveation
components are not mutually exclusive. However, they are described
independently for ease of exposition. The focus is on how the

components work to create instability from farmers' perspectives.

The Supply Svstem

The supply system considered 1in this study is composed of
agricultural commodities that are produced for either the domestic or
export market., Crop production for the domestic market 1s maialy a
seasonal activity. Export crops are pereanial and usually involve
long term investment in land. However, even perennial crops have high
short run supply elasticities as producers have considerable
flexibility to change variable inputs and thus the related output,

Kenyan agricultural producers are faced with risky production
and, to a lesser extent, prices. It follows, therefore, that incomes
derived from agricultural commodities are also risky. The weather, in
particular rainfall, is a major determinant of output in Kenva.
Prices of most domestically marketed agricultural commodities,
especially food .crops and milk, are set by the government at the
beginaning of the season. Nevertheless, the presence of non-price
factors such as delays in payments and collection costs represent
uncecrtain effects on the announced prices. This creates deviation

between announced and realized prices. Most export crops face a free
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market situation. Specifically, producer prices for coffee and tea
reflect world prices.

Producers may be less concerned with price stabilization than
income stability. Price stabilization does aot necessarily lead to
income stability because of yield variation. Fixed prices prevent
producers from compensating for poor harvests by higher prices.
Confronted with uncertain production and subsequent income
instability, risk-averse farmers commit resources based on
expectations about future income streams.

Supply analysis centers on how Kenyan farmers formulate income
expectations given stochastic yields and prices when government
preannounced prices are subject to random shocks. It is commonly
believed that previous experience plays important roles in the
formation of expectations. 1In general, producers wish to earn more
income 1f the increased income can be obtained with a tolerable level
of risk. The level of tolerance varies with the individual producer.
In their quest for higher incomes, producers attempt to avoid the
nossibility of occasional high losses (Perrim, et al,, 1976). 1In
other words, producers exhibit the usual rational behavior that more
is preferred to less but with the restriction that iacome instability
is minimized., 0Nccasional losses accrue from fluctuations in vields
and prices.

Scandizzo et al. (1984) suggested that farmers facing risky
production cenditions may be making decisions based on expected
revenues vather than expected prices. This approach adds realism from
explicit recognition of the jolat probability distributioa between

output and prices. Where producers have prior information about
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price, P of a commodity, the major source of income instability
becomes its yield.

To demonstrate the effects of the above assumptions, consider a
single product market in which demand is deterministically related to

the product price as
D, = f (Pt) (3.1)

where Dt and | denote demand and price, rtrespectively, during
period t. Producers are confronted with a production function with

multiplicative disturbance terms of the form

Q =n (QF, €,) _ (3.2)

t

where Qt denotes the quantity produced. Qt is the producers'
planned marketed surplus, that i1s, total output less self-consumption,
and €. is the realized stochastic yield. Given previous knowledge
about the distribution of yield under normal circumstances, the
anticipated yield may be specified as E: = £ [e]l. 1f the random
variable P? represents expectaed returns, which 1is consistent with
utility maximizing criteria of producers, then the planned marketed
surplus Q’t" becomes a nonstochastic function of P:.

Domestic supply of commercial foodcrops and livestock products
depends on the marketed surplus. 1In Kenya, the surplus may be viewed
in two ways. 1t could be considered as product in excess of the
producers' domestic needs which is sold to the relevant marketing
agency. Alternatively, it could be viewed as excess resources Set
aside by the producer for the production of the marketed commodity,

after meeting requirements for domestic needs. The former definition
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. . . !
is commonly employed in literature. 1In any case, Q

Lo the planned

supply to the market is a function of the anticipated price, Pt,
other things equal.

Sandmo's (1971) work on the theory of the firm uander risk
suggests that farmers equate their certain marginal costs to expected

marginal revenue. Following Scandizzo et al., the aggregate supply

function can be defined as:

§ = £
gt tAt

e 2(P)) (3.3)

where St is the actual quantity supplied at P:, At 15 the area
allocated to the productioa of the commodity while the deterministic
compoaent of the supply is given by AL = g(P:). " As indicated in
Chapter I, the availability of arable land under existing technology
1s a major constraint to spati;l expansion of production in Kenya.
Hence, one could assume that planned output is directly related to
anticipated price, P:. Assume normally distributed random variables

2

so that E(Et) = W Var(Et) =g, Cov(e ) = 0, and

£
£’ e-1

COV(Pt, Et)‘—'O. S, can be evaluated at its means to yleld the

anticipated supply
% _ x
Sy Ug(Pt) (3.4)

Assuming producers equate marginal costs to expected marginal
revenue 1in formulating supply, then differentiating total revenue,

given as P S, with respect to anticipated output yields

o *
8 (Ptst)/ﬁst = Ptdstjést (3.5)
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Using equations (3.3) and (3.5), it can be shown that
* — * k.
§ (P 8.)/5S, PS8l g(P )/81g(P )] (3.6)
Since Pt does not vary directly with S:, that 1is,
* * _
S /8sS_ = §P_/8Q, = 0 (3.7)
then expected marginal reveaue 1is
%4 _ % %
E[ﬁ(?tst)/csst} = E[Pt]E[cSSt/cSSt] + cOv[Pt,rSst/sst]
Equation (3.8) can be simplified further by notiang that
& % o * *
§lea(P1/8e®i)] = (6 /)[8g(R™)1/[85(P )]
=€/ (3.9)

The simplified form is thus

E[éPtSt/BSt] E[P, ] + Cov[P_, € /u]

t,

E[Ptet]/u (3.10)

Earlier, €, was defined as realized stochastic yield and P

as actual price. Therefore, the expectation of unit revenue, Rt’
standardized by mean yield U is represented by E[PtEt]/U. Since

E[Et/u]=l, then it is obvious that
P¥* = g[R_] (3.11)

and thus producers formulate their expectations based on unit revenue,
that is, price times yield divided by mean yield. With an assumed

downward sloping demand curve, yield and realized price are inversely
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related. Therefore, the covariance term ian equation (3,10) is
negative, i1mplying that P’E < E[Pt]' Hence, anticipated prices are
less than the expected price.

The above analysis suggests that revenue measured as the product
of output and price, plays an important role in the assumed market
situation. Using equation (3.11), Bigman (1985) showed that the
higher the variability of output, the higher the price, P?, and the
smaller the area set aside for production.

The findings of Sandmo (1971) and Ishili (1977) indicate that a
risk—-averse decision maker determines his or her optimal output by
equat ing the marginal costs to a price lower than the mean price. The
difference in price represents the risk premium. Risk premium can be

represented by the coefficient of wvariation of producers income

(Bigman, 1985). Risk premium at time t is derived as follows:
= 2
RP, (1 + oy/y) (3.12)

. . 2 . .
where O is the standard error of y. The variance, ¢, of y is given

oy

1 n
2 - .2
o, = - _Z (Yt - vt)
’ n 1=1
1 n
y, =— L Vv __. (3.13)
el 5=0 70

and Y, Is the producers' ilncome at time t,
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The Demand System

The demand system facing the six commodities being considered in
the study can be divided into two categories: domestic and foreign.
Domestic demand could be further divided into income .groups since
price elasticities will often chaage with changes in income. 1In
Kenya, the basic foodstuffs, maize, wheat and liquid milk, are
generally consumed by all income groups. This study focuses on
agricultural production and trade. All marketing transactions
concernling the commodities are controlled by the government through
its marketing agencies. The marketed surplus is purchased at a
pre~announced price. Thus, the producers face a perfectly elastic
demand at that price.

Retail prices for the major staple food commodities are under

government control. Marketing boards transport the commodities within
the country so as to stabilize their supply. In times of shortage,
the board supplements domestic supply with imports. Consumer prices

are set so as to reflect producer prices plus processing and
distribution costs. The government's policy has been to adjust
domestic stocks and imports to maintain pre-announced consumer and
producer prices.

Recently, Barnum and Squire (1979) and ahn et al. (1981) argued
that in a semi-commercial agriculture commonly found in developing
countries, the two components are interdependent. To capture this
relationship, modeling procedures should integrate both production and

consumption within a single theory of household behavior. Ahn et al.,

nusing an integrated approach found that, for a given output respoase,
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increased prices reduce marketed surplus response bdecause the demand
for self-consumption of farm output increases.

Standard textbook consumer theory suggests that household
consumption of a normal good decreases with a rise in its price. But,
in a semi-commercial agriculture an increase in price leads to a rise
in income levels for producers. The rise in income is attributable to
the increase ia value of the marketed surplus. The change La income
levels affects households' consumption and expenditure patterns., That
1s, a shift in the budget curve occurs 1ia addition to the usual
changes in its slope as suggested by theory. Lipton (1979) reports
that price stabilization of major foodcrops may destabilize the
revenue of farmers with marketed surplus. Thus, the problem of what
to stabilize remains essentially unresolved. However, policy
objectives provide a guide as to the most appropriate policy
instrument.

In Kenya, producers of agricultural surplus for domestic
consumption form a significant proportion of consumers. From the
above observations, one could postulate that to increase the supply of
mar%eted surplus, the goverament needs lower consumer prices. The
approach leads to goverament subsidies to maintain high producer
prices and low consumer prices simultaneously. The domestic demand
system induces Lnstability in producers' income, given the stochastic
nature of yields aad rational government behavior which attempts to
minimize the government subsidy.

The demand for coffee, tea and sisal is basically external, with
domestic demand insignificant. Since Kenya has no control over the

international market, producers face an infinitely elastic foreign
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demand at the world price. Prices received by Xenyan farmers reflect
world supply and demand scenarios. The decision to grow the export
crop depends on expectations about yields and world prices.

Traditional economic theory indicates that free trade works to
stabilize prices. The Marshallian framework of Waugh, Oi and Massell
described in Chapter 11, supports the notion that free trade is
Pareto-optimal. However, as Newbery and Stiglitz (1981) demonstrate,
the situation may be reversed whera producers in a competitive economy
face risky production conditions.

In a closed competitive economy, where prices are inversely
related to marketed surplus and price elasticities of demand are
unitary, farmers' incomes are always stable since price lacreases are
offset by a decrease in quantity marketed. 1If the economy 1s opened
to Lnternational trade, prices are stabilized so that any variation in
domestic output leads to instability in producers' income. If income
instability from the commodity ‘exceeds the tolerable limits, farmers
shift resources to less risky commodities in spite of unchanged mean
tncome. If excess domestic demand is offset by imports, then the
shift would not raise the average price of the commodity. Hence, free

trade makes them worse than no trade.

Government Intervention

Most governments formulate and implement domestic economic
stabilization policies with little explicit consideration on global
economic integration. Policy instruments appear in several Eorms.
Tariffs

, levies and manipulation of exchange rates are commonly used

in international trade. TFor large trading countries or blocks of
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countries, such as the U.S. or the European Economic Community (E.C.),
the effacts of such policies may have significant negative impacts on
the welfare of smaller trading nations, particularly the developing
non-oil exporting countries.

Consider the impact of an appreciation in the domestic currency,
the Keanya Shilling (KSh.), depicted in Figure 3. D and S denote
domestic supply and demand, respectively. For a ziven commodity,

foreign demand and supply schedules are indicated by Df and §

rt

With no trade, domestic equilibriuam price is Py while the
equilibrium price in a foreign market is Pf. As prices increase
above Pk’ domestic production would exceed domestic consumption.
The excess supply function (Se) illustrated is the supply function
of exports to the world market. 1In the rest of the world, a fall in

prices below P_ causes consumption to exceed production. An excess

£
demand function, De’ is depicted. D, is the demand function from
the world market.

With trade between Kenya and the rest of the world and
abstracting from trade barriers and transportation costs, the
equilibrium price for Kenya and the rest of the worlid is Pe. Q:
L5 the equilibrium level of Kenya's exports. This is the same volume
as the 1lmports by the foreign importer. With an appreciation of the
KSh., the export demand schedule rotates to the left. Hence, for a
stated amount of Kenyan goods, foreign importers must sell more goods
in their currency to buy the same amount in Xenya currency. The new
equilibrium, Pe', results in lower exports in Xenyan goods (QZ)

and Kenyan prices represented by P'. The price of Kenyan exports 1in

foreign curreacy is given by P_'. The higher foreign market price
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decreases demand and increases supply in the domestic market of the
fEoreign country leading to a decline in imports by the rest of the
world. A reduction in the volume of trade lowers the domestic price
in Kenya. This enhances domestic consumptlon but by less than the
decline in exports. If changes in the exchange rate are transmitted
to both producers and consumers, thea the quantity traded would be
altered. Where domestic demand is insignificant, volatility in
exchange rates enhances producers' income instability.

As for domestic sales, the Kenya government Lntervenes directly
through price supports and marketiag controls., The basic objectives
are to maintain a broad self-sufficiency position in foodstuffs, a
reasonable degree of security in food supply and equitable
distribution of foodstuffs. WNotwithstanding the need to safeguard the
interests of farmers, the government recognizes the importance of
trade 1in major export crops. Exports play an indispensable role 1in
foreign exchange earnings that provide the nation with import
capabilities. In this way, variability in export earnings has an
impact on consumér demand, either diractly through food imports or
indirectly via imports of inputs necessary for domestic food
production, the bottom line being socio-acoanomic and political
stability,

Anderson et al. (1977) stated that economic theory is ambiguous
on the need for price stabilization schemes. One argument is that
uncertaliaty 1is undesirab.le if followed by market failure. 1In this
case, correcting the failuvre is preferred to the removal of
uncertainty. However, Samuelson (1972) argued that an economy 10 a

Pareto equilibrium without uncertainty cannot improve itself by
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generating uncertainty. Hence stabilization policies should attempt
to eliminate the source of risk. Price stabilization is adopted for
lack of an alternative practical approach. Tt is not necessarily the
best alternative because price variability is a manifestation of
structural sources of instability that include uncertainties in supply
and exchange rates in export trade.

Abbott (1979) developed an econometric model that was used to
show the need to endogenize the role of government in international
trade. McKinnon (1982) argued that domestic stabilization policies
that manipulate money supply and exchange rates 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 agricultural
trade flows. The presence of money and exchange rates disgulse
exchange in real goods. The situation 1s exacerbated by a
goveranment's interference with the market determination of exchange
rates,

Developing countries, in general, peg their exchange rates to
convertible curreacy or baskets of currencies. Preseatly, the major
hard currencies have floating exchange rates in the sense that the
market forces of démand and supply determine their values. McCalla
and Josling (1985) note that the impact on the domestic economy of a
change in the exchange rate of hard curreacy 1s variable and sometimes
ambiguous. Depreciation of hard currencies does not necessarily help
the developing economies because they are basically exporters of
primary commodities and importers of manufactured and caplital goods

(McCalla, 1982). As the foreign currency depreciates relative to the
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domestic currency, iaternational prices in terms of domestic currency
rise but the quantity of imports may not adjust accordingly. Absence
of quantity adjustments may not be offset by gains in foreign exchange
resulting from more competitive exports.

Gulhati et al. (1985) state that many post-independence African
governments did not consider the exchange rate as a possible policy
instrument. Three factors are identified as causes for aversion to
the use of the instrument, African governments believe that
devaluation of their exchange rates would increase domestic inflation,
increase budgetary deficits and generate few benefits from
international trade. TIf exports have low elasticities of demand in
international markets, then changes in real exchange rates may have
little influence on the quantity exported and subsequent income to
producers. Moreover, in many African couantries, fiscal resources are
derived from the agriculture sector. Inflation and declining demand
for export commodities increase taxation of the Sector with
deleterious consequences on the domestic agriculturally-based economy.

Instability in foreign exchange rates has drawn the attention of
policy-makers because of the possible repercussions on
domestic-curreacv value of internationally traded commodities. There
ls general agreement that exchaage rates changes affect prices,
supplies, and quantities demanded. Currently, there is no strong
theoretical consensus as to the most relevant forms of fluctuations
(Bank of England, 1984). The choice of exchange rate standard does
aot affect external terms of trade. Rather, the concern is its
effects on internal trade, income distribution and domestic allocat ion

of resources (Lipschitz, 1978). Nevertheless, Lanyi and Suss (1982)
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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 Lostability.

ODften, unit value of an export commodity is fixed for the
contract period in terms of an easily coavertible foreign currency.
If domestic currency fluctuates against the currency, exporter's
earnings would vary accordingly. The inability of the exporter to
control variability represents a cost to him. So long as the exporter
is risk-averse, his/her interest would be to minimize the deviation
between expected and actual values in terms of domestic cur.rency.
Individual transactors are interested in the exchange rate for the
hard currency 1in which export earnings are denominated. Therefore,
the export instability facing an individual is appropriately
calculated using the relevant transaction currency.

Brodsky (1983) tested the validity of the notion that measured
export instability is independent of the transaction currency used.
Exports of each country considered were valued using seven different
numeraire currencies. The standard error from the least squares
exponential trend regression equation was used as the lnstability

measure .
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Model Specification

Export Instability Measure for Kenyan Data

Several measures of instability were described in Chapter II. 1In
this section, one of the procedures for deriving instability measures
is restated in the form used for calculating producers' income
instability in Kenya.

Assume that the coefficient of variation, (CV), uncorrected or
corrected for the trend, is an appropriate index of instability.
Also, treat income from marketed commodities as a single random
variable. 1In reality, income is the product of price, nominal in this

case, and quantity sold. For non-trended time series data, the index,

T ., is derived as follows:
cv
[y 4
r (P..Q P. Q )
100 £=1 1t "xt 1t °xt
T = (3.14)
cv —
P L -1
—

where P is the numeraire currency i during period t, t=l N.

30 v

Q

<t Fepresents the quantity marketed of commodity x during period t.

Pitht is, therefore, the value of the marketed commodity in
terms of currency 1.

Economic theory suggests that there is a tendency for couatries
to plan in terms of growth rates rather than absolute increments.
Empirical findings (Massell, 1970) demonstrate that exponential trend

provides a better fit for most data. Cousequently, Massell

recommended detrending the data using an exponential relation of the
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form

= . (3.15)
1°g(Pitht) a; + b.t + e,

where t denotes the time in years and e is the random term. Following

Cuddy and Della Valle, R2 can be derived as follows:

N VS 2
t§l (Pitht - Pitht)
g% =1 - (3.15)
N )
_ Y+
2 (Pitht Pitht
t=1
Equation (3.16) can be rewritten as
B AN o 2, ¥ 2
(P, - P00 = UR ) IR, 169%:c)
t=1 £=1
N
5 )2

l(Pitht - Pitht

, (N1 ﬂ
= (N-K)(1-R7)
N-K \ N-1

where X i1s the aumber of independeat wvariables including the
intercept. The above equation can be expressed as
N-1

SEE = SD (l—Rz) _
N-K

(3.18)

where SEE is the standard error of the regression estimates derived by

dividing (3.17) by the degrees of freedom. SD is the standard

deviation of the observations.
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The general index developed by Cuddy and Della Valle is given by

IG = lOO.SEE/Pitht
1
, [ N1 2
= ¢cv| (1-R°)} — (3.19)
N_

Since the adjusted coefficlient of multiple determination can be

written as

N-1
R =1 - |(1-R®)[— (3.20)
N-K
then,
o= (-RD% , ’RP >0 (3.21)
I, is the "corrected'" coefficient of variation.
In this study, T is either derived from linearly or

log-linearly detrended data. The above authors suggest a selection

criterion

(1)

(3)

The

as follows:
Choose ICV if the detrended regression equations are not
significant at the 1 percent level.

. . . N 2
Select the IG from the equation having significant R
value at 1 percent if the alternative equation is not
significant at the same level.

If£ R™ from both equations are significant at the 1 percent

level, then choose IG from the equation with the highest

=7
R

index in equation (3.21) is derived for the selected
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commodities using the vehicle currencies selected. The selection
rules given by Cuddy and Della Valle are used to select the
appropriate index for each commodity.

Given producers' gross income 1is the product of quantity and

price, the identity
1. = P.Q (3.22)

where 1 denotes gross income from commodity x, x=1,...3, Pi is its
price in terms of the appropriate transaction currency and Qx is the

quantity marketed, then

InI; = 1nP; + InO_ : _ (3.23)
and the variance of log I is. given by the relationship

Var(lnli) = Var(lnPi)+Var(anx)+2Cov(1nPi, anx) (3.24)

The variance and the covariance are measured 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 instability, i1s commonly used (Bale and Lutz, 1979).
However, it can be a misleading criterion of instability where the
variables being compared have different means. 1In this case, CV would
be a better measure.

The sign of the covariance of price and quantity is often taken
as an indicator of the source of income instability. If the
covariance 1s positive or negative, then the source iLs demand or
supply, respectively. TFollowing Murray (1979), further manipulation

of equation (3.24) could provide more useful information. Dividing
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Var(laP) and Var(laQ) by the sum of the variances and multiplying by

100 yields:
PC = IOOVar(lnPi)/[Var(lnDi) + Var(anx)
+ 2Cov(lnPi, anx)] (3.25a)
PQ = lOOVar(anx)/[Var(lnPi) + Var(anX)

+ 2Cov(1nP.L, 1nQX)] (3.25b)

where PC and PQ are proportions of price and quantity contribution to
total instability, respectively.

Proponents of the theory of underdevelopment emphasize that lags
in food production in the Third World arise from their dependence on a
global economic system. The development of a dichotomous agriculture
that has generally favored export over domestic market oriented
production has caused this dependency. While Kenya's agricultural
sector exnibits this dichotomy, it is believed that econonmic
complementarity exisks betwe:en commodities produced for the export
market and domestic food crops.

Concerning producers' income instability, it is worthwhile noting
the commodity combinations that minimize total income instability.
Assuming that, in terms of gross recelipts; coffee, tea, maize, wheat
and milk production are the most important commodities, the procedure
in Schmitz and Koester (1984) is adapted to determine the proportion
of income from exports that minimizes total income instability.
Bautista (1986) has followed a similar procedure.

Consider the following additive identity:

=1, +1 (3.26)
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where I is total income, Ie and.Id denote income from exports and
domestic marketings, respectively. Exports are coffee and tea while
the domestic marketings are malze, wheat and milk. The variance of I

Ls given by
Var(I) = Var(Ie) + Var (I,) + ZCOV(Ie, Iy) . (3.27)

The coefficient of variation (CV) and the variance of income have the

following relationship

Var (1) = Cv%fz (3.28)

In terms of CV's, equation 3.28 can be written as

2 z 52 It (3.29)
Ie'e 1dfq * AT L0V CVeg

In the above equation, r 1s the correlation coefficient between Ie
and fd' The share of income attributable to the respective market

. P ey . =2 .
can be derived by dividing both sides of (3.29) by I° to yield

2 2.2 2.2
Cv_ = SeCVIe + SdCV[d + ZSeSdrCV

cv (3.30)
I e

I Id

Se denotes the share of income attributable to export market while
54 is that from the domestic market.

Given the CV's and , then total income instability is determined
by the contribution of each category. Assuming that the Kenyan
variables remain unchanged, then total differentiation of equation and

rearranging (3.30) gives
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2

2 . cv_ .d
CVIeSedSe CVIedegd SdrCVIe Id Se
acv = + +
C cv
CVI VI 1
S rov. ,CVv_ dSs
s e " Td Te d (3.31)
CVI
Noting that S+ §, = l and ds_ = -ds,, equation (3.31) can be
rearranged thus:
dcv.  -cv® -rcv. cv. . [cvZ +cv? -2ccv. CV_ ]
L Te Ie Id ~“'Ie “'Id 1e” '1d S (3.32)
e
¢ v
dge CVI C I
Following Bautista, if
cv%d - oV eV,
s > 5 5 = Se (3.33)
e
CVId + CVIe - 2rCVIdCVIe

then greater total income variability ensues from a rise in the share
of export earnings. Assuming that Te and T‘d are Lndependent, that
18

r = 0, then

2

2
cv
d _
s > —-5-_5__5_ = g* (3.34)
& ovi. o+ qv e
Id Te

Minimum conditions are achieved when second order conditiouas are met,

Rearranging (3.34) yields

1
*
s > =g (3.35)
e 2 2 e -
L + che/chd

2

Thus, the ratio of CViq to CV%e determines the export crop share

that minimizes income ianstability. Tf the ratio is unity so that
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g"‘:o_s.’ then minimum total income wvariability arises from equal

e

proportions of income from exports and domestically marketed

commodities.

Simulation Model: Description

The Kenvan government has supported the agricultural sector
diractly through its finmancial institutions. Private financial
institutions have been encouraged to support the sector through
concessionary monetary policies. A number of agricultural credit
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 insurance programs coupled with
risk-averse producers have destabilized short term supply of marketed
surplus. To producers, the consequence of Ffluctuating sales
constitutes income instability. -

This study uses a modified version of Bigman's (1985) econometric
simulation model to evaluate the effects of three alternative policies
on producers' income instability. Simulation provides a controlled
enviroament for evaluating alternative policies under varied
conditions. Also, it provides a unique opportunity to observe
directly the dynamic behavior of the interaction processes, A number
of simplifying assumptions are made to facilitate deeper understanding
of consequences. The basic assumption is that the government's policy
decision in one period is a function of the actual weather conditions
during that period. The model thus consiscts of an econometric

, . .
component that describes demand and supply scenarios, a stochastic



71

process that describes random weather component changes, and a set of
policy rules that specify government response to different
contingencies.

The simulation model as developed by Bigman (1985) describes a
discrete dynamic process of an economic system, The structure of the
analysis is composed of: (1) initial state variables at time t-1; (2)
random events at time t; (3) decision variables (policy acticns) at
time t; and, (%) decision rules at time t. These factors combine to
determine the state of the system at time t. The decision process 1is
accomplished as follows. Let St—l represent a vector of state
variables at the end of season t-1, which is also the initial state of
the farming system at the beginning of period t, the current season.
NDuring period t, the random event with a known probability
distribution described by vector RE occurs., According to a certain
set of rules D, the vector REt and St—l determine the decision
variables (policy actions) described by the vector Xt. The

relationship can be written as

X, = D(st_l, REt) (3.36)

Depending on the values of the initial state of the system,
St—l’ the decision variables Xt’ and the random event RE,, the
state of the system during period t can be determined. Thus, the

state of the system in the current season can be defined as

=F. [S._;, RE, , D(S__,, RE_)] (3.37)
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Ft is a deterministic and known relation that is assumed to exist
between the current state of the system St and the preceding state
variables, the current random event Rth, and the curreat policy
actions Xt. The function Ft may include historical time-dependent
processes such as population growth. The initial state of the system

at the beginning of season St is given by values of St'

+1

The recurrent nature of equation (3.37) implies that the state
variables 1in any season t may be written as functions of initial
conditions SO, the set of decision rules D, and the seguence of
random events REl,..., RET. For an objective function that
depends on the eantire sequence of state variables, the problem
consists of finding a set of decision rules that for a given initial
)

condition SO and a given set of random events RE ,..., RE

'[‘)
will yield the highest ranking outcome attainable as defined by the

ordering criterion, Given So, the objective function, G, i1s defined

as Follows:

S..) (3.38)

‘J‘_‘g(SO, sl,--., T

G may be a vector consisting of several objectives, for example net
eaconomic galns and e ffects of price support policy on the level and
variability of producers' income and food supply., Maximizing the
expected value of each of the decision rules yields the optimal
solution.

To illustrate, let W be a vector representing the weather.
Assume that the events are normally distributed. Draw sequences of

random numbers, wl,..., W from the distribution, IFf SO and D

T 3

are knowa, then using equation (3.37), s ..., ST can be computed.
o
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Using equation (3.38), the value of the objective function can be
calculated., The frequency distribution of the outcomes of several
repetitions yield the value of the objective function for the set of
decision rules.

The solution procedure is recursive rather than simultaneous,

Each production period has the following special features:

1. initial conditions that are specified by a set of exogenous
parameters that usually include demand and supply
elasticities and parameters describing stochastlic processes
and endogenous variables that have been generated in the
previous period, for example, past prices;

2. planned production levels that are based on (1). The supply
response being a function of area, expected raturns per
hectare and price elasticity of competing activities;

3. actual supply is a function of the resources allocated and
the random variables (weather);

4. reference solution results from the interaction of the actual
supply and prevailing demand schedules;

5. free market solution is the set of prices and quantities
obtained by equating prices in (4) to costs of insurance and
freight (CIF) and free on board (FOB) prices, then deciding
whether to import or export;

6. government interventions result from equating (5) to
"trigger" prices that initiate the actions of the government
where the trigger price acts as a rule of behavior that

predicts the nature of the policy actions; and the
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7. final solution for the period is the set of quantities that

is obtained after all the interventionms.

Performance measures are derived from (7). The initial
conditions Eor the second period are the final solution data adjusted
for the expected prices aand time dependent changes. The dynamic
process continues until a predetermined end period is attained. 1In
all cases, sets of random events constitute the disturbance terms.
These are derived from Monte Carlo simulations, The random processes
are assumed to be normally distributed., A schematic description of
the simulation model 1s represented in Figure 4,

Econometric Components, The supply function, after

transformation, takes a log-linear-constant elasticity form as:
0
S. =o + 8. * z . .
InQ it o SllnPlt + YLlnX + u (3.39)

where QSt refers to planned marketed surplus of commodity i duriag

period t, P"{t 1s the anticipated unit revenue at the beginning of

the seasoa for time ¢t as described earlier. X refers to other

>

independent variables. Here, the disturbances represented by u_ are

attributable to weather changes. Following the arguments of Scandizzo
et al, (1984), P’Z is explicitlv used in this study to represent
expected unit revenues.

Domestic market equilibrium is achieved when quantity demanded
equals that supplied by the marketing agency at the preannounced
prices. As stated earlier, the goverament arranges for market
clearaances by engaging in external trade through marketing boards.

Hence, producers income for the commodities are independent of
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i1s in consonance with the commonly reported feature of consumer
protection in developing countries. The decision criteria are the
alternative government stabilization schemes considered in the study.
The second case is where there is limited governmeat participation.
Producers face prices prevailing in a competitive open economy. The
revenue support scheme takes the form of deficiency payments. 1In
principle, the deficiency payments approach allows producers to sell
in a market as described in the second case above. If the average
realized price 1s less than a guaranteed level, the producer receives
a supplementary payment from the government. The guaranteed minimum
income presents the least interference in the market mechanism. A
floor is set under which income fluctuates for the product. There is
no celling. Guaranteed minimum returns scheme comes into operation
whenever producers income falls below a prespecified percentage level
of their income under normal circumstances.
A number of simulation:runs will be made. The assumptions
underlying each run are stated below.
l. Base run - assumes a continuation of the present policies:
a) Prices paid to farmers are fixed by the goverament at the
beginning of the season;
b) All the marketed surplus is purchased by the government;
c) The government fixes retail prices; and
d) The domestic market clears at Fixed prices through import
and export trade to maintain the prices.
2. Limited government intervention: all the assumptions in (1)

hold except that producers Fface world prices. This is the

1

case of an "open' economy.
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3. Price support: the situation is as described in (1) except
that producer prices are not fixed. The goverament
guarantees to purchase the produce at a predetermined floor
price whenever the free market price falls below the floor
price during the season.

4, Guaranteed minimum income: a three season average income is
set as a floor under which it fluctuates. If the producer
income falls to 80 percent of the average, then the
zovernment augments producers' income. The rest of the
assumptions are similar to the base run,

Performance measures will be derived from the respective

simulation runs. These Luclude output, prices and the degree of

income instability for each of the commodities under consideration,
Chapter Surmmary

The first part of this chapter .dealt with theoretical issues
pertaining to the components of agricultural production and marketing
that influences producers' income instability. Tt was shown that in
cases where producers consumed part of farm output, the supply
function referred to marketed surplus and not ftotal production. It
was indicated that government could cause income instability through
its policies.

Two analytical procedures were developed. The first approach was
developed to examine export earnings instability. The second
procedure was described as a dynamic-stochastic simulation model, The
model will provide more detailed impacts of specified government

policies that affect income iastability. The advantages of this
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Data Needs

This study utilized secondary time series data from several
sources. The mala sources were, however, statistical abstracts of
Kenya's Central Bureau of Statistics (CBS) and the International
Financial Statistics (IFS) published by the International Monetarv
Fund (IMF). Complementary sources included various issues of Kenya
Economic Surveys. From CBS, volumes of commodities exported to
various trading partners were obtained. Quantities produced for sale
and average prices pald to producers were alsc available. Prices paid
for exports were quaoted in the domestic currency. These were free on
board (f.o.h.) prices.

An overview of agricultural production and marketing during the
later part of the 1960s reveals that commodity prices were fairly
stable with some producer prices exhibiting a small downward trend.
Marketed production increased, especially for tea and coffee. This is
attributed to an increase in the areaxunder cultivation as small scale
producticn expanded after independence.

Observed producer price fluctuations in the 1979s are partly due
to the upward movement in energy prices that triggered worldwide
inflation. Producer prices for domestically marketed commodities
remained low until 1975 whea significant increases occurred. Output
of coffee, tea, maize, and liquid milk increased despite an estimated
12 perceat decline in producers terms of trade between 1972 and 1975
(de Wilde, 1984).

From 1976 to 1983, producer prices for maize and milk were

generally favorable for producers. Weather plaved an important role
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in quantities marketed. As for maize, the yield impacts resulting
from the adoption of hybrid seed in the 1960s were declining. The
restrictions of the International Coffee Organization, of which Kenya
is a member, put a ceiling on the hectares of coffee cultivated.

On the international scene, the IFS Supplement on Exchange Rates
reports the series defined as period exchange rate averages. Using
the series, the price of exports in terms of an importer's currency 1is
obtained by multiplying the f.o.b., prices by the relevant exchange
rates. The value of exports in terms of importer's currency is the
product of the price in the importer's currency and the quantitcy
exported. For countries whose international trade is close to the
world average, the Special Drawing Rights (SDR) provides an
approximate trade-weighted basket of currencies. Kenya's currency was
pegged to the SDR during the latter half of the study period. 1In this
study, the SDR is used to value exports on the assumption that the
move to peg Kenyan currency to the basket was motivated by the
government's aspiration to minimize exchange rate instability. The
SOR has beea defined since 1970. Nevertheless, the SDR-U.S. dollar
conversions prior to 1970 can be found in the IFS Yearbook (1985).

The choice of national currencies used in this study reflects the
volume of bilateral trade and the importance of the selected curreancy
in international trade. Regional concentration has been declining
since 1964, However, western Rurope remains the major geographical
trading area. Exports to other African countries, particularly
Uganda, have been increasing over the yvears. 1In the far east, Japan,
Pakistan and India are the maijor importers of Kenyan agricultural

products. South Yemen, Saudi Arabia, Iran and Tsrael are important
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trading partners in the middle east. FExports to the !nited States
have increased significantly, especially after 1975, The value of
exports to eastern Burope 1s the lowest of the geographical areas
defined in the statistical abstracts.

On specific commodities, West Germany was the major importer of
Kenyan coffee during the 1964-33 period. During the same period, the
United Kingdom purchased most of the country's tea exports. The
United States and Italy were the main importers of pyrethrum extract
and hides and skins, respectively. Assuming that the payments were
made in the importer's currency, then the changes in the Deutsche mark
and the pound sterling were likely reflected in Kenya's export
earnings due to the predominance of coffee and tea in export earniags.

Prices and exchange rates used in the study are defined in
nominal terms, Hence the study focuses on instability including
inflation. Nominal exchange rates, defined as the official parity for
transactions are used. A more relevant rate would be the effective
exchange rate, defined as the amount of local currency actually
recetved for a unit of international transaction. Similar procedures
would be applicable to the analysis of instability using real

effective exchange rates.

Empirical Results

Measures of Instability

To derive an appropriate index of instability, fourteen main
agricultural exports were considered., These are listed in Appendix A.

Aannual earnings f[rom each commodity by currency wera calculated. The
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sample coefficient of variation for earnings from each commodity was
computed. Two regression models were used to correct for the trend:
linear trend and log linear trend models. The models wera fitted to
all observations by currency.

In selecting the appropriate index of instability, the selectlion
rules described in Chapter III were used., The number of cases an
index is chosen for a given numeraire currency 1s presented in Table
I. The figures indicate that, except for the Italian lira, T.Gb was
selected in 6 or more cases. In all the commodities, IGa had the
least number of cases. The implication of these findings is that for
trend corrected data, a semilog trend model provides greater
explanatory power ian more cases than a linear trend model.

The six commodities listed in Table IT were selected to test
whether the aumeraire currency Lnfluenced commodity instability. The
appropriate index for all was IG, . Numerically, the derived
measures of instability were sensitilve to the vehicle currency. The
Special Drawing Rights (SDR) led to the fourth highest index in % out
of 6 commodities under consideration. The correlation coefficients
between earnings ianstability by curreacy are shown in Table IITI. The
closer the correlation coefficient to unity, the less importaat 1s the
choice of vehicle currency.

The concern of Kenyaan exporters 1s the fluctuation of the
domestic currency agaiast those of its trading partners. Siace the
volatility vepreseats a cost, then the objective of the exporter is to
minimize the deviation between the actual and the expected values in
terms of Kenyan curreacy. To this end, a knowledge of the relative

Lnstabilities between individual transaction currencies and the
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domestic curreacy 1is essential. From Table TTII, the US dollar, the
Japanese yean aad the Special Drawing Rights (SDR) are closely
associated with the Kenya Shilliang. Thus, using either of these
currencies as the numeraire for calculating instability measures would
yield values that do not diverge much from those derived using the

domestic curreacy.

TABLE I

FREQUENCY DISTRIBUTION OF MEASURES OF EXPORT EARNINGS
INSTABILITY FOR SELECTED NIOMERAIRE CURRENCIES

Appropriate Index of Instability*

Curreacy I IGa IG

cv b
Kenya Shilling (KSH) 6 2 6
United States Dollar (US$) 6 1 7
West German Mark (DM) | 5 1 3
Italian Lira (IL) 10 0 4
Japanese Yen (JY) 5 1 3
Netherlands Guilder (NG) 5 L 3
Special Drawing Rights (SDR) 6 ‘ 1 7
United Kingdom Pound (UXL) 7 1 6

* Appropriate 1ndex of instability is one that best measures the
degree of Lastability for a given data set.

ICV

instability index from aon-detrended data

IGa instability index from linearly detrended data

I

IGb = instability iandex from log-linearly detrended equatioas
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EXPORT COMMODITIES, 1964-33
Currency¥
Commodity KSH Uss$ DM(FR)  JY NG UKL SDR
Coffee 34,48 39.23 50.09 31.27 41.37 37.23 38.55
Tea 22.25 21.37 26.85 26.06 27 .45 22 .41 23.55
Hides & Skins 28.61 40.20 51.58 44,07 52.26 47.73 46.33
Pyrethrum
Extract 17.14 20.50 30.80 22.68 31.00 31.37 26.80
Beans & Peas 72.92 49 .89 38.86 44,30 39.45 40.40 44,04
Tinned :
Pineapples 39.30 33.90 38.12 36.68 38.62 37.80 37.64
# KSH = Kenya Shilling

USS = United States Dollar
DM(FR) = Deutsche Mark {(Federal Republic of Germany)
JY = Japanese Yen
NG = Netherlands Guilder

UKL = British Pound Sterling
SDR = Special Drawing Rights
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CORRELATION COEFFICIENTS BETWEEN EXPORT EARNINGS

INSTABILITY BY VEHICLE CURRENCY: 1964-83*
Currency** KSH Us$ DM(FR) JY NG UKL SDR
KSH 1.00
(0.00)
Uss 0.85 1.00
(0.03) (0.00)
DM(FR) 0.22 0.69 1,20
(0.68) (0.13) (0.00)
JY 0.72 0.89 0.62 1,00
(0.11) (0.02) (0.19) (0.00)
NG 0.26 0.71 0.93 0.80 1.00
(0.61) (.011) (0.01) (0.06) (0.00)
UKL 0.41 0.78 0.85 0.83 0.95 1.N00
(0.42) (0.07) (0.03) (9.03) (0.00) (0.00)
SDR 0.66 0.91 0.78 0.93 0.83 0.80 1.90
(0.15) (0.01) (0.07) (0.01) (0.04) (0.n6) (0.00)

*% KSH

* The values ia parentheses are the probability that the calculated
value of R 1is greater than the critical R wunder the hypothesis

that rho = 0.

It

Kenya Shilling

USS$ = United States Dollar

DM(FR) = Deutsche Mark (Federal Republic of Germany)
JY = Japanese Yen

NG = Netherlands Guilder

UKL = British Pouad Sterling

SDR Special Nrawing Rights
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However, the overall situation shows that the domestic currancy
led to the lowest instability measures for only two commedity gruoups:
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, the US
dollar, the SDR énd the Japanese yen were highly correlated with those
derived using the Xenya currency as the numeraire. As a denominator,
the Deutsche mark and the guilder were least correlated with the Kenva
currency. Measures derived from the US dollar were correlated with
all the denominators used. Thus, using the domestic currency as a
numeraire does not necessarily lead to least unstable indices.

Regarding the instability measure for individual commodities,
earnings instability for coffee ranges from 31.27 when valued in
Japanese yen to 50.09 when valued in Deutsche mark. As stated
earlier, West Germany has been consistently Kenya's leading importer
0f coffee. Assuming that contracts are made using the prevailing
exchange rate between the Kenyan shilling aad the importers currency,
results suggest that valuing the earnings in a curreancy other thaan the
mark would underestimate the instability measure for earnings. Given
the close assocliation between the Kenya Shilling and the U.S. dollar,
lower titnstability measures could be obtained if the transactions were
carried out in U,S. dollars. Great Britain i1s the main importer of
RKenva's tea. The instability index when the exports are valued 1in
shillings is close to that obtained when valued in pound sterling.

A distinction should be made between an appropriate instability
measure Ffor all commodities under consideration and one that is

specific to an individual commodity. If the interest is on a vehicle
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currency that leads to least lastability in terms of domestic
currency, then the US dollar or a basket of curreacies represented
above by the Special Drawiang Rights (SDR) would be the best
alternative., Hence, if the measure is defined in terms of Kenya
shilling, thea the dollar and the SDR would be appropriate pegs. 1In
this way, iastability arising from changes in the exchaage rates
between forelign currencies is minimized. Brodsky and Sampson (1984)
noted that SDR has provided the best exchange rate stability as
compared to the US dollar, the French franc and the British pound for
those SDR pegging couatries.

Kenya's export earnings are conceatrated on coffee and tea. The
country 1s a member of the International Coffee Organization (IC0O), a
body consisting of the major consumers and producers. The
organlzation regulates the world coffee market through the
manipulation of quantities sold by the individual producer in the
quota market. Often Kenya has had to sell some of its produce in the
non-quota market where prices are generally lower than the quota
marxet. Currently, it enjoys non-restricted but fairly concentrated
marketing of tea.

The impact of earnings instability from coffee and tea have
significant effects on domestic economy. Given the relatively
inelastic demand for these commodities (Riedel, 1983), any
fluctuations of the importecr's curreacy relative to the shilling would
not significantly affect the quantity exported. But, for the volume
sold, earnings in terms of domestic currency would be fluctuating
accordingly and the higher the instability of the exchange rate, the

hizher the earnings iastability. These results create volatility in



g0

foreign exchange earniangs and subsequently unstable import capability.
Moreover, since producers' annual income from the exports depend on
the quantities marketed, the foreign market price and exchange rates,
fluctuations in foreign earnings are transmitted directly to the
farmers. A direct source of income instability is the fluctuating
output at the farm level that is not offset by the price changes 1in
the world market.

Commodity earning ianstabilities were derived from a 20 year
series of data. During the same time, instability iadices for maize,
wheat and milk in domestic curreacy values were 41.1, 29.6 and 20.6,
respectively. Noting that coffee and maize are the most important
commodities in Kenya's agricultural sector, the indices suggest that
during 1964-83, both crops had measures that were over 30 when the
domestic currency 1s the denominator. The results suggest that the
hypothesis that the Kenya currency is the appropriate measure of the
country's export earnings ianstability is not applicable to all

commodities.

Sources of Instability

To the producers, earnings are a product of quantity sold and
their per unit prices. A decomposition of the identity iato its
components would provide additional information. For convenience, the
variance of earnings are taken as alternative measures of instability.
Furthermore, it is assumed that the prices received by producers are
proporticnal to the domestic export prices. The proportional
contribution of each component to the total variability of commodity

export earnings 1s indicated in Table IV. The figures indicate that
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TABLE 1V

COMPONENTS OF EXPORT EARNINGS INSTABILITY IN
TERMS OF KENYA SHILLINGS, 1964-83

Components (%)

Total
Variability Price Quantity Covariance
Commodity Var(ln PQ) Var(ln P) Var(in Q) 2Cov(ln P, la Q)
Coffee 0.1371 76.59 10.58 12 .84
Tea 0.0527 105.59 47.82 -53.51
Hides & Skins 0.1124 52 .22 31.23 16.55
Pyrethrum Extract 0.0454 241.85 197.36 -339.21
Beans & Peas 0.4105 8.21 84,24 7.55
Tinned Pineapples 0.2396 14,27 ) 56.59 29.13

for coffee, tea, aund hides and skins, price played a dominant role.
The variability of quantity dominates in the case of pineapples and
beans and peas. As for pyrethrum, the covariance term between price
and quantity dominates.

The siga of the covariance term is often used as an indicator of
the source of instability. TIf supely rsmains unchanged, movements in
demand lead to quantity and price varlations in the same direction.
Price and quantity vary in opposite directions Lf demand does not
change when shifts in supply occur. For a small open economy facing
no international trade barriers, the demand for its exports 1is
perfectly elastic. Similarly, producers who market exportables

through the marketing bocard, which then takes the responsibility of
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marketing abroad, face an infinitely elastic demand at the board's
prices. Consequently, price and quantity vary in the same direction
whenever changes 1o the demand schedule occur. But, any shift in
supply results in changes in the quantity exported only. TIf supply is
perfectly inelastic, then quantity and price vary in opposite
directions for any changes in supply. 1In this case, changes in demand
results In price changes only.

A negative covariance term implies that demand changes have been
relatively stable while supply changes have been unstable. 1In any
particular year, 1f the value of prices and quantities are below or
above the trend line, then a positive covariance term is expected.
This would occur 1f supply changes in.a steady manner while demand
changes are relatively erratic.

From Table IV, tea and pyrethrum have negative covariance terms,
suggesting that the source of instability has been on the supply side.
For the rest of the export co}rlmodities, the signs of the covariance
terms are posltive, indicating that in general, demand fluctuations
have been the main source of instability,

The above analysis has centered on exports of Kenya. Except for
beans and peas, all the commodities are storable after some
processing. Tn absence of suitable storage facilities at the farm
level, the commodities are generally perishable. Hence, producers
have to sell to marketing agencles immediately after harvesting.
Thus, it is of interest to identify the sources of instability of
producer income by considering the quantity delivered to the marketing
boards and the average price to the producer. In this way, sources of

Lastability of the domestically marketed commodities can be evaluated
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and compared with the indices for export-oriented commodities,

Policy changes on commedity prices occurred in 1975 to reflect
the surge of inflation that started after 1972, To obtain more
insights on producer income instability, data are divided into two
sets. The first set covers the period 1964-73 while the second set
covers the periecd 1974-83. 1In both cases, instability of the five
ma ior market-oriented commodities 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 quantity exported and the f.o0.b.
prices earned, Since the covariance terms are positive, one could
conclude that volatility in the demand side was the main course of
earnings variability. The importance of price variability as a source
of earnings instability rose significantly in the later period for
both commodities. 1In both cases, the covariance terms contributed
more to total fluctuations than quantity terms. GCorrelation
coefficients between the quantities exported and f.o.b. prices
improved. Unlike the former period, there was a higher correlation
between the earnings and quantities than between earnings aand prices.

Of interest to producers is the income instability for the
commodities they sell to the marketing agencies. In most cases
quantities exported do not fully reflect quantities sold by farmers to
the marketing agencies during the year because of storage by the
marketing agencies. Also, commodity taxation by the government and
marketing costs, both at the producer and the agency levels, reduce

the price paid to producers. Using average producer prices, and gross



TABLE V

COMPONENETS OF EXPORT EARNINGS INSTABILITY FROM COFFEE AND TEA FOR SELECTED PERIONS*

Commodity
Coffee Tea
Total Components (%) Total Components (%)

Var Var Var 2Cov Var Var var 2Cov
Period (ln PQ) (ln P) (In Q) (1n P, 1n Q) (in PQ) (In P) (Ia Q) (Iln P, 1n Q)
1964-83 0.1371 76.59 10.58 12 .84 0.0527 105.69 47.82 -53.51
1964-73 0.0400 30.50 50.00 ©19.50 0.0199 29,65 69.35 1.0t
1974-83 0.1940 72 .47 4,38 23.19 0.0834 52 .64 21.94 25.54

* Percentages indicate the proportional contribution of

each component to total variability.

%6
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marketed production during the two periods, the decomposition process
yields the results presented in Table V1. The striking feature For
the export crops 1is that the stability of f.o.b. prices does not
necessarily mean that average producer prices are stable. Consideriag
the period 1964-83, volatility in price was a major source of income
fluctuations in coffee, tea and wheat while variability in quantity
contributed to most of the imstability in income from maize and milk.
The covariance terms indicate that sxcept for coffee, supply
fluctuations were the major sources of income lnstability. The
negative correlation coefficients between the prices and quantities of
tea, maize, wheat and milk imply that one of the variables was
declining while the other was increasing. The original data indicated
that in the 1960s, prices paid to farmers exhibited a slightly
downward trend.

Duriag the period 1964-73, variability in quantity was dominant
(Table VI). The figures for the 1974-83 period suggest that price
volatility was Important for all commodities except for maize and milk
which had quantity as the major source of variability. The 1964-73
period had variability in supply as an important instrument in total
commodity income instability. Except for wheat, the covariance terms
suggest that fluctuations in the demand for commodiries were sources
of income instability during the 1974-83 period. Unlike the former
mariod, the correlation between prices and quantities was positive
except in the case of wheat. The correlation between milk prices and
quantities marketed remained positive in both sets of data.

Several factors coantribute to the negative correlation between

prices and quantities during the 1964-73 period. Generally, price



TABLE VI

COMPONENTS OF INCOME INSTABILITY FROM SELECTED MARKETED PRODUCTION

Period
1964-73 1974-83 1964-83

Total Components (%) Total Components (%) Total Components (%)

Var Var Var 2Cov Var Var Var 2Cov Var Var Var 2Cov
Commodity (InPQ) (InP) (lnQ (aP, InQ (lnPQ) (lnP) (InQ) (@UaP, 1nQ) (lnP0) (lnP) (lnQ) (InP, ln Q)
Coffee 0.0286 52.80 54,90 -7.69 0.2015 69.03 4.76 26.20 0.1347 77.13 9.43 13.44
Tea 0.0086 76.74 132.56 -109.30 0.1095 51.69 14,06 34.34 0.0754 105.31 23.74 -29.05
Malze 0.0934 22.27 86.51 -8.78 0.2324 7.79 73.54 18.67 0.1501 36.24 96.47 -32.71
Wheat 0.0485 11,55 111.08 -27.63 0.0087 59.77 55.17 -16.09% 0.0736 61.68 46,06 =7.74
Liquid Milk 0.0531 22,60 74 .39 3.0l 0.0309 21.68 53.40 25.24 0.0603 34,16 151,41 -85,57

96
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trends were declining while production was zxpanding. FExpansion in
production was attributed to increased yield per unit area especially
for maize due to the rapid adoption of the hybrid seed technology.
The introduction and subsequent rapid adoption of the new maize
variety in the 1950's opened up an alternative price policy that
producer prices would be reduced progressively as returns per unit
area increased due to yield iacreases. This policy was implemented in
1966 to obviate unnecessarily large surpluses that could be exported
at a loss. The ultimate producer price would be that at which
surpluses could be exported profitably and at the same time encourage
production to match with the domestic market needs (Leys, 1975 and
Yoshida, 1966). Lobbying by producers, coupled with several periodic
droughts, led to a reassessment of the policy that resulted in maize
price hikes in 1971,

The area under the traditionally plantation crops, coffee and
tea, expanded as a result of post independent government policy that
encouraged smallholder participation. The subdivision of large scale
farms aad absence of appropriate technology for small scale production
led to a decline in the production of wheat. In some cases, limited
production activities hampered the diversion of rasources away from
those commodities whose relative prices were declining. It is not
uncommon in Kenya for producers to depict this less ''rational"
behavior,

Notwithstanding the perception of underdevelooment theorists,.
agricultural production for export and domestic markets in Kenya are
interdependent., Domestic exports are vulnerable to international

market fluctuations while those directed to the domestic mar'et are
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subiject to government control. The linkages between these categories,
in addition to government attempts to insulate domestic production
from vagaries oF world prices, reenforce the need to stabilize total
income through balanced production.

Given that the government's pr;mary ¢oal is a secure domestic
food supply, the share of export-oriented production that minimizes
total income instability is worth noting. The variability of combined
income from coffee and tea, the main exports of Kenya, has been fairly
constant over the study period (Table VII). As compared with the
combined income variability from maize, wheat and milk, income
instability from exports has been higher than from domestic sales.
Assuming no correlation between income from exports and domestic

sales, then the Se value has risen fro 0.12 in 1964-73 to 0.25 1in

TABLE VII

PRODUCER'S INCOME INSTABILITY FROM AGRICULTURAL
SALES FOR SELECTED PERIODS

Period
Source 1964~83 1964-73 1974-83
Variability of Income from
Domestic Sales, Percent” 20.56 11.22 17 .89
Variability of Income from
Export Sales, Percent’ 5 29.71 30.88 30.60
Share of Exports (Se), Percent 0.32 n.12 0.25

The index 1s a corrected coefficient of variation (I ) derived
from log-linearly detrended data.

Se is derived from equationn (3.35).
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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 market
agricultural commodities. Results indicate that the data exhibited
some trend factor. Among the common procedures for removing trend, a
semi-log function led to the derivation of an appropriate measure of
earnings 1instability. An appropriate measure or index is one that 1is
founded in sound economic theory and statistical expectations. The
index, IGb, is a corrected CV in percentages and therefore,
intelrﬁommodity comparisons are possible.” The simple CV is not useful
ﬁor trended data although it 1is commoanly used.

The results of the study indicate that IGb is sensitive to the
numeralre currency. The Deutsche mark, for example, shows that ia the
case of coffee, the measure can differ by as much as 45 percent from
that obtained when the Kenya currency is the denominator. The rest of
the commodities exhibited similar results. Under such situations, a
natural problem for exporters Ls to decide on the relevant vehicle
curreuncy. To the extent that instability in income 1s a cost, then
the common choice would be that which minimizes this volatility. The
results of the study imply that the US dollar or the Spacial Drawing
Rights (SDR) could be better substitutes for the shilling. Moreover,
the US dollar has high correlation with all the major curreacies
considered and also is an important currency in world trade.

Aa alternative option for a Kenyan exporting agency would be to

request paymeats in US dollars or the Special Drawing Rights (SDR).
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SDR is increasingly being accepted as a unit of international
transaction. Alternatively, the national curreacy could be pegged to
the US dollar or the SDR.

Similar studies on export sarnings instability suggest that the
source of income fluctuations is of crucial importance in 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 skias, beans and peas, and tinned
pineapples, demand changes have been the main source of income
variability, Heace, for these 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 chaanges L1n the variability of earnings for
coffee and tea show that instability as measured by vartance
increased. Also, the dominant source changed from being variability
ia quantity in 1964-73 to being price variability in the next decade.
Furthermore, the values for their covariaace terms increased. During
the entire period, supply shifts were the major causes of earnings
instability for the commodities that are produced primarily for the
domesttic market. But the primary sources of instability changed from
volatility in supply in 196_)4—73 to fluctuations in demand in 1974-83
arising from big price changes for export crops.

Where the source of instability is external in nature, the

stabilization program bacomes an international nroblem. However,
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macroeconomic instruments such as currency exchange rates can be used
to Lnfluence export earnings. For instance, the common maintenance of
overvalued exchange rates results in higher prices of the primary
exports glven the inelastic nature of their demand in the world
market. Supply dominated fluctuations in a system with a lot of
government participation would require a reorieatation of existing
government Lntervention pollicites. Also, changes Lln existing
goverunmeat market control policlies are essential for alleviating
income 1nstability caused by fluctuations in domestic demand.

In search for specific explanations of income Lnstability, it 1is
worth exploring the composition of proceeds from the quantity
delivered to the marketing agencies rather than that from exports,
Government policies have not been coasistent when the whole period is
considered. Compared to the earlier decade, during the 1974-83
period, the contribution of quantity components to total variability
declined. 1In the second decade, income variability for coffee, tea,
and maize have lncreased. Those of wheat and milk have declined. The
correlations between prices and quantities changed from negative to
positive for all the commodities except wheat. The overall condition
has been a reversal from supply as a dominant source of instability to
demand changes being the major factor.

As for export crops, the implication of the changes is that
external markets are increasingly playing a key role in producers’
Lncome instability. 1In the case of commodities that are marketed
domestically, fluctuations in money Lncome tend to originate from the
domestic market and not at the farm level. Govermment intervention

practices Ln the operation of the market for the good have not been
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constructive in terms of stabilizing producers' imncome. It follows,
therefore, that an evaluation of alternative producers' income
stabilization programs are essential.

One general policy option emanates from this analysis. Tf the
objective 1is to stabilize producers' money income, then the Kenyan
government must develop the capacity to finance possible transitory
deficits. Specifically, the importance of coffee and tea in Kenya's
economy imply that fluctuations in their earnings should be alleviated
if a more stable domestic economy 1is to be achieved. The importance
of internaticonal trade is affirmed by the results indicating that
income instability from exports has increased from 38.14 percent in

1964-73 to 172.11 percent duriung the 1974-83 period.

Chapter Summary

The central purpose of this chapter was to measure and identify
income instability during .1964-83 and subperiods within the time span.
On international trade, the objective was to develop a statistic for
measuring Kenya's export earnings instability. In the process,
earnings 1instability measures and sources for selected export crops
were quantified and specified. It was noted that quantities exported
and f.o.b. prices paid during a given year wera not necessarily equal
to quantities marketed and .the average prices received by the
producers. Due to a less than perfect market situation, it was
assumed that producers may be more interested in income variability
from commodities delivered to the marketing agencies rather than the
instability of export earnings as derived from f.o.b. unit prices and

the quantity exported by the markating agency. Following this
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assumption, producer's income instability from salected marketed
commodities were examined,

A common feature of export earnings instability indices is the
use of foreign currency, which explicitly or implicitly is the US
dollar, as the denmominator when deriving imstability indices. The
approach 1lgnores two important facets of trade and development: that
producers are paid in domestic currency and that the overriding
concern of most governments 1is domestic stability. Since governments
can use macroeconomic lustruments to insulate domestic producers, then
export earnings instability measureci in foreign currencies do not
necessarily translate into income instability as realized by domestic
producers. Moreover, producers' income variability may differ
according to the primary destination of the product. 1In consequence,
two hypotheses were formulated. First, an attempt to test the
validity of the notioan that the domestic currency was the appropriate
numeraire was undertaken. Secondly, it was hypothesized that the
primary destination of the product, whether for export or domestic
market, influenced the magnitude and the source of instability.

Trend-corrected measures of instability using selected numeraire
currencies and commodities were derived. The results indicate that
the instability index was sensitive to the vehicle currency used.
Also, the degree of instability varied with the commodity under
consideration. The Kenya shilling did not often yield the lowest
instability index.

Consideriag coffee and tea, the two most important export crops,
Eluctuations in price contributed most to their axport earnings

instability. However, during the first 10 years, the contribution of
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quantity to total variability was dominant. The dominance of price
variability prevailed duriang 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 coancern
of the policy makers facing such situations should be more on external
demand rather than domesktic production. This requires stronger
multilateral cooperation between producers and consumers as in the
case of coffee or some other cohesive international commodity cartel,

Comparing producer income instability for 1964-73 and 1974-83,
the variability in the income from coffee, tea, and milk has
increased., That of wheat and maize has declined. 1In all cases, the
proportional contribution of quantity to total variability has
decreased. The sources of instability, as indicated by the signs of
the covariance terms have shifted from supply dominated to demand
dominated fluctuations 1ian the case of coffee, tea, and maize. The
situation for wheat and milk are supply and demand dominated
fluctuations, respectively. 1Ia the case of coffee and tea, income
instability measures support the Ffindings obtained in terms of export
earnings instability. Maize, the staple foodcrop in Kenya, followed
the pattern of the primarily export crops. For wheat, the policy
direction should be on domestic production.

Except in the case of wheat, there is an indication that changes
in both export and domestic demand are becoming the major source of
income variability for the market-oriented commodities. This suggests
that a restructuring of the market is essential for increased income
stability irrespective of destination. Furthermore, the increased

price-quantity correlations exhibited by most of the commodities
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studied would suggest that potential gains Ln terms of increased
stability might be obtained through price manipulation by the Kenya
government. On total income instability, the results indicate that
the high level of export earnings variability was accompanied by an
lacrease in the proportion of exports in total income during 1974-83.
Appareatly, income stabilization measures favored only domestic
marketed commodities,

This study is based on time series data for the period 1964-83.
The results are, therefore, period specific and may not be appropriate
for other periods. However, the validity of the results within the
time span are not expected to change drastically. The analytical
procedure is limited by the fact that the underlying production
complexities are excluded. A detailed study is required to iso;ate
the causes of production instabilities., Variatiocn in output may be
due to changes in yield per unit area or due to changes in area under
cultivation. Also, changes in export earnings may be attributable to
fluctuations in the effective exchange rate rather than the volatility
in the quaatities exported_.

The next chapter presents the results of a simulation model.
This is a follow-up of the findings reported in the curreant chapter.
The objective of the model 1is to evaluate altarnative government
stabilization programs with the intention of pradicting their effects

on producer income instability.



CHAPTER V
EFFECTS QOF GOVERNMENT STABTILIZATION PROGRAMS
Introduction

In the proceeding chapter, measures and sources of producers'
income instability for selected marketed agricultural commodities in
Kenya were presented and discussed. 1t was shown that the instability
index was sensitive to the numeraire currency used and the commodity
concerned., Alsoc, sources of i.ncomve fluctuations varied with the
commodity. Given the nature of production and marketing, it was
proposed that commodity market restructuring would be an alternative
policy goal in an attempt to stabilize producers' income irrespective
of the destination of the produi:e.

The results of a policy simulation model are presented and
discussed in this chapter. The details of the model were described in
Chapter II. Owing to the limited influence the Kenya government has
on iLnternational trade, the study 1s restricted to domestically
marketed commodities. The primary goal 1is to evaluate the effects of
government intervention policies on producer income instability.
Thus, the chapter is organized as follows. The aext section describes
the data used. In the third section, pre—input and Lnput equations
are stated. Subsequently, simulation results for selected scenarios

are presented. A summary is presented in the last section,.
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Data Requirements

Producers are paid ia the national curreacy. Hence, derived
instability measures are denominated in Kenya shillings. Time series
data from 1964-83 are used. However, due to structural changes that
have affected some commodities, selected subperiods are used in the
estimation of the equations,

Post-independence policy on maize started with the drought and
famine of 1965. Following the event, producer prices and national
strateglic reserves were lncreased 1in an attempt to stabilize domestic
supply. Several subsequent policies have revolved around producer
prices and the strategic reserves. The area in wheat cultivation
reached its peak in 1968, Since then, its area has been declining.
The two cereal crops have not had consistent post-independence pricing
policies. Milk production quotas were abolished in 1970 and now
producers are paid uniform prices for any grade of whole milk
delivered to the Kenya Co—APerative Creameries. The impact of the
policy changes were felt in subsequent years.

As discussed earlier, agricultural markets for the major food
commodities 1in Kenya can be described as fuunctioning in a
non-Walrasian environment. The actions of the government lead to
quality adjustments that equilibrate the market at preannounced
producer and consumer prices. Hence, in addition to prices, data sets
of quantities produced and crop areas were assembled., These data were
used to estimate, econometrically, the initial supply parameters of

the model. Although the model 1is capable of liaking domestic and
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world markets, concentration on domestic marketed commodities negated

the necessity of incorporating these linkages into the curreat model.

Results

Initial Input Information

The parameters of the aggregate supply function were estimated.
A common assumption in such approaches 1is that the data are free of
measurement errors. In absence of ideal data sets, measurement errors
are suspected. However, these are assumed to be relatively
unimportant.

Equations from initial estimation had Durbin "h" statistics which
were less than the critical values at the 5.0 percent level,
indicating that the hypothesis of no serial correlation could not be
rejected. An autoregressive least squares procedure was adopted

vielding the following, with t-values in pareatheses:

1nQSW = 3.770 + 0.3211nRW + 1.1261nWH (5.1)
(1.117)  (4.475%)  (4.394%)

RS = 0.53, D. W. = 2.202

1nQSM = -13.856 + 0.5461nRM + 1.9511oMH - 0.4651nRW (5.2)
(-2.882%)  (3.408%) (4.476%)  (-2.593%)

19

R® = 0.76, D.W. =1.510, N

|
(o)

1nQSME = 7.253 + 0.2991nPME .3331nRM + 0.59610QSM  (5.3)

(4.851%) (2.264%) (-2 .664%) (3.357%)

R = 0.57, D.W. =2.45 N =13

whera
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QSW = quantity of wheat delivered to the marketing agency,
Ln metric tons.

RW = expected unit revenue from wheat. Defined as the
product of preannounced price and the expectad output
per hectare where expected output is the previous
year's output per hectare. The details and
justifications are given in Chapter III.

RM = expected unit revenue from maize. Defined as the
product of preannounced price and the expected output
per hectare where expected output 1s the previous
vear's output per hectare. The details and
justifications are given 'in Chapter III.

WH = hectares allocated to wheat production.

QSM = quantity of malze delivered to the marketing agency

in metric tons,

MH = hectares allocated to maize production,

QSME quantity of liquid milk equivalent delivered to the
creameries in liters.
PME = expected average unit milk price to the producer.

This 1is the current value lagged one year.

1a

the natural logarithm.
* implies that the parameters are significant at less than
0.05 level.
Since the equations were specified in double-log form,
coefficients assocliated with regressors are elasticities. The
functioan 1is linearly homogenous and thus exhibits constant returns to

scale. The results indicate that quantity responses to change in land
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area are high. Also, there is an inverse relationship between the
quantity of maize supplied and the expected unit revenue From wheat.
The same case applies to milk production and maize revenue. These
observations are expected because in certain areas, production
activities compete for land., The positive relationship between maize
and liquid milk supply suggests complementarity. This could be
attributable to the use of maize as a major ingredieant in the
manufacture of dairy feed, in additioa to absence of effective
competltion for some basic resources.

The parameters estimated above and the values of exogenous
variables, assumed to be equal to their 1983 levels, formed the
initial state variables. The values of the exogenous variables in
1983 are given in Appendix A, Weather factors, represented mainly by
ralnfall, were assumed to be the source of stochastic events. A
twenty~year rainfall data set from representative weather statioans in
Kenya was gathered. The set was then used to derive, where possible,
an empirical distribution of rainfall during the relevant moanths.
Having noted the frequency distribution of rainfall, a normal
probability distribution was considered as appropriate. Furthermore,
it was assumed that the random events were log-normally distributad,
following the preassumption made in Chapter TII.

Uniformlvy distributed random numbers on the interval (2,1) were
generated using the RANF{(NARG) sub-routine. These random numbers were
translated to normally distributed random variates using the GAUSF
function. GAUSF generates random numbers according to a Gaussian
distribution with mean zero and standard deviation of one. Given a

random number from a Gaussian distribution with mean @ and standard
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deviation G, random variates can be obtained using the relationship

~

RNG = 0 + §* GAUSF (5.4)

where
RNG is the random variate,
In this study, both TEMP and W are random weather variates
derived from the relationship in (5.4). The input equations were as

follows:

QWS = 3,770 + 0.321RW + 1,120WH + TEMP (5.5)
QSM = -13.856 + 0.546RM + 1.951MH - 0.46SRW + W (5.6)

QSME = 7.253 + 0.299PME - 0.333RM + 0.506QSM + W (5.7)

Equation (5.5) refers to wheat supply while equation (5.6) and (5.7)
refer to maize and milk supply, respectively. The stochastic
elements, TEMP and W, denote rainfall conditioms in the representative
growlng areas for the respective commodities., In Kenya, maize and
liquid milk production activities tend to be closely related whereas
wheat production 1s maianly assoclated with the production of beef
cattle and sheep. Thus, it is plausible to assume that the
disturbance terms in equation (5.5) are different from those in
equations (5.6) and (5.7),.

In an open economy scenario, 1t was assumed that prices were
random. Price observations for the commodities were those paid im the
world market. The data for estimating the meaas and the standard
deviation were obtained from World Bank publications. Thus, given the

means and standard deviations for the respective commodities, random
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prices were then generated with the assumption that their distribution
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 tuns are undertaken to test the comnsequences of
different policy actions oan producers' income as represeated by
revenues from each commodity. To derive unit revenues for the dairy
activity requires a knowledge of hectares allocated to Lt. This was
aot forthcoming. Hence, it was assumed that the quantity supplied
could be a proxy for the revenues assocliated with dairying given that
prices are often fixed by government.

The requi.rec;l sample size for the simulation ruas can be
calculated using the procedure outlined in Snedecor and Cochran
1s given by

(1967). The required sample size, n

3

n = 4s2/E (5.8)

where 52 is an estimate of population variance and E 1s the
allowable error., s? for wheat was 1.04, for maize and milk
equivaleant, the values were 1.30 and 1.26, respectivelvy., Using the
above relationship and assuming the allowable error 1is a metric toa,
then the sample size that could be used in all the studies was at most
six. However, a larger sample of 15 was chosen. Studies that have
followed similar approaches have used larger sample sizes. Bigman
(1985) assumed a sample size of 20. Performance measures derived are
obtained from 29 ananual replicates. Thus, overall results represent
long run performance measures.

The preceding discussion referred to the initial state of the
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system. The sequeantial nature of the model implies that subsequeat
states are derived from the initial state after adjustments. The

ad justments depend upon the objectives of the simulation experiments.

Results of the Simulation Experiments

Four simulation experiments were carried out to test the
effectiveness of predetermined goverament policies. The details of
each scenario were described in Chapter TIL. Briefly, the first
alternative adopts a strategy whereby the government preannounces
commodity prices and brings about market equilibrium under the price
regimes. The scenario Ls defined here as one with fixed producer
prices. The second situation is one with no goveranment intervention.
Producer prices are determined by purely economic forces. Similar
price situations are adopted for the third and the fourth policy
alternatives. However, 1n the third case, government intervenes
through the maintenance of a floor producer price. 1In the fourth
strategy, government intervention comes in the form of a predetermined
minimum revenue. In each case, the performance measures are means and
variability of farmers output and revenues.

Assuming that producer prices are fixed, then, variability in
income would be attributable to changes in the quantities marketed.
In Figures 5, 6, and 7, actual quantities marketed are depicted from
1969 to 1983, while the simulated values are illustrated from 1984 to
1990. The results suggest that under the assumed scenario, output for
all the commodities would drop in 1984 and then rise in the latter
years. 1In the case of wheat and maize the peak period is 1988. For

milk, the peak period is 1989,
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Table VIII summarizes the results of the simulation experiments.
An obvious feature is the different effects the policies have on the
individual commodities. For wheat, absence of goverament intervention
reduces the quantity marketed, A guaranteed minimum revenue program
leads to the highest levels of output. Wheat supply ranges from
211800.8 to 314574.8 metric tons. Absence of government intervention
provides the maximum maize output. Quantities of maize supplied range
between 147,673 metric tons under a fixed price scenario to 473,428
meric tons without goverament intervention. As for milk, a guaranteed
minimum revenue strategy for maize and wheat lead to highest output.
The scenarlo that maximizes output does not necessarily maximize unit
revenues. These figures suggest that current fixed producer price
policy neither enhances producer output nor unit revenues.

A common concern of governments is the stability of output and
producer earnings. To this end, the Kenya government attempts to
increase production and at the same time maintain reasonable stability
in output and producer revenues. Table IX indicates that minimum
income lastability is achieved by adopting a fixed price strategy. 1In
addition, the strategy leads to the most stable supply except for
malze whgre the alternative is a guaranteed minimum rsvenue policy.

As percentages of fixed price values, the figures in Table IX
show that only wheat output would fall below the fixed price results
whenever other alternatives are adopted. But without government
intervention, revenue would fall by about 3 percent from the fixed
price value. For maize and milk, outputs rise whenever strategies
other than fixed price policy are adopted.

To conclude, the model suggests that the curreat policy is



TABLE VIIL

SIMULATION MODEL: SUMMARY STATISTICS BY POLICY

Fixed No Government Guaranteed Minimum
Producer Intervention Minimum Price
Prices Revenue Support
a) Wheat
Quantity Tondes 296832.10 211800,80 314574.80  226810.70
Standard Error Tonnes 63186.59 153266.70 101754.50 172644,50
Revenue KSh/Ha 12218,88 11813.80 19165,00 16117.37
Standard Error KSh/Ha 1885.41 29734.46 14147.00 44208.,13
b) Malze
Quantity Tonnes 147672 .90 473427.50 197940,70 457795.50
Standard Error Tonnes 63113.29 24284910 82967.00 230170.10
Revenue KSh/Ha 1516.22 12167 .82 4346 .27 13318.42
Standard Error KSh/Ha 379.99 30231.90 3553.62 31613.92
c) Milk Equivalent
Quantity Million Liters 231820.10 818898,20 1031430.00 805020.60
Standard Error Million Liters 77614,99 348919.90 844700.100 348330.10

BT1



SELECTED PERFORMANCE MEASURES FOR COMMODITIES BY POLICY

TABLE TX

Fixed No Government Guaranteed Minimum
Producer Intervention Minimum Price
Prices Revenue Support
a) Wheat
Quantity* Tonnes 100.00 71.43 106.09 76.49
cvV 7% Tonnes 21.29 51.69 32.35 76.12
Revenue® KSh/Ha 100.00 96.68 156.85 131.91
cvV % KSh/Ha 15.43 243.35 73.82 274,29
b) Maize
Quantity¥* Tonnes 100.00 320.59 134,04 310.01
cV % Tonnes 42 .74 164,45 41,92 550.28
Revenue* KSh/Ha 100,00 802.51 286.65 878.40
cV % KSh/Ha 25.06 1993.90 81.76 237.37
c) Milk Equivalent
Quantity Million Liters 100.00 353.25 444,93 374.26
CV7% Million Liters 33.48 150.51 81.90 43.27

* As a percentage of fixed producer price scenario,
CV % Coefficient of Variation, percent.

611
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suitable for stability of income from the cereals studied. Also the
option stabilizes the output of wheat and milk. An alternative to
fixed price policy for maize is the guaranteed minimum revenue option
that is accompanied by a rise in revenue variability. None of the
four policy options considered could be singly applied to all the
commodities studied and achieve the desired goals in spite of their

interrelationships at the farm level.
Chapter Summary

The need to use a flexible analytical tool led to the development
of a simulation model for this later part of the research. The model
was used to evaluate four policy alternatives for stabilizing
producers' income. Only the supply sector was considered on the
assumption that production was not directly influenced by consumer
preferences. Rather, the prevailing market quantities and prices were
predetermined by the government. Three supply equations representing
wheat, milk and malze production were estimated by autoregressive
least squares technique. Most of the coefficients were highly
significant in spite of low R2 values {(a situation not unusual for
developing countries).

Performance measures derived from the data generated by the
stmulation suggest that fixed price policies were appropriate for
stabiliziang the producers' income from maize and wheat. Similarly,
the program led to the least uanstable output of wheat and milk%.
However, a policy that guarantees a minimum ravenue favored maize
output stability but enhanced its revenue instability, The

interdependence of the commodities at the farm level and thus a






CHAPTER VI
SUMMARY AND CONCLUSIONS
Summary

The central purpose of this study was to identify and quantify
the important sources of farm income iastability in Kenya. Ia
addition, the research has attempted to evaluate alternative
stabilization policies under selected economic scenarios. To
accomplish this goal, a number of agricultural commodities were
selected.

Basically, the analysis centered on five commodities: coffee,
tea, maize, wheat and milk. However, the initial study included four
other export commodities. fhese additional commodities were hides and
skins, pyrethrum extract, beans and peas, and tinned pineapples. The
purpose was to provide a larger sample on which more relevant
conclusions could be made. Exports were identified by their
destination. Time series Xenyan data were obtained from various
issues of the Central Bureau of Statistics and Economic Surveys,
Kenya. The relevant exchange rates were obtained from Tnternational
Financial Statistics. World commodity prices were obtained from
various issues of the Commodity Trade and Price Treuds, World Bank.
The study covered the period 1964-1983.

To establish a suitable numeraire curreacy, earnings from
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exported commodities were valued in seven currencies and a basket of
currencies represented by the Special Drawing Rights (SDR). Two
regression models were used to correct for trend: linear and
log-1linear. For each commodity by currency, a '"corrected'" coefficient
of variation was calculated as described by Cuddy and Della Valle.
The measure facilitated comparisons across several types of tread
relations.

Sources of ilnstability were determined by decomposing statistical
identities. 1In this analysis, more emphasis was on the five most
important commodities: Coffee, tea, maize, wheat and liquid milk.
Since producers are paid in domestic curreacy, income from the
commodities were in terms of Kenya Shillings. Decomposing
multiplicative identities were relevant to income defined as the
product of price and quantity marketed. Additive identities were
decomposed whenever producers' income was an aggregate.

The second part of the.study was concerned with the evaluation of
alternative government stabilization policies 1in unstable
eanvironments. This was achieved through a simple sequential
simulation model. The parameters were estimated by autoregressive
least square technique. The stochastic component was assumed to be
weather. The demand component was not relevant in this analysis
because the government through its agencies determine the
equilibrating quantities situation at government preannounced prices.

Four policy alternatives were considered. The first assumed
continuation of existing Ffixed producer prices policy. The second
assumed that producer prices were raudom and reflected those

prevailing in the world market. The third scenario considered a
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goverament guaranteed minimum income policy. The final scenario
involved a governmeant 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 curreacy in relation to
Kenya's trading partners. Instability measures derived from the Xenya
curreucy was highly correlated with the US dollar and least correlated
with the West German mark. Most indices derived from the various
currencies were highly correlated with the US dollar.

To determine the sources of earnings instability, variance of
total income was decomposed. 1Im this case, the variance of earnings
was taken as an alternative measure of instability. The results
showed that price fluctuations were the main sources of total earnings
variability. 1In the case of less important exports such as
pineapples, beans and peas, quantity variability dominated.

The sign of the covariance term, negative or positive indicates
whether fluctuations in supply or demand have been the source of
instability. For the period 1964-83, the results suggested that
except for coffee, the fluctuationms in supply were the most important
sources of income instability. Variability in producer price was
dominant in total income from coffee, tea and wheat, while fluctuation
1n output was dominant in the case of maize and milk. Between 1964
and 1973, variability in quantity was dominant. F®xcept for milk,

supply dominated total income instability. ¥or the latter decade, the
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contribution of quantity to total income instability was important for
milk and maize., However, volatility in demand was important in all
commodities excent in the case of wheat. TFor the commodities
considered in the study, the variability of farm income from exports
was 30.88 percent during the 1964-~73 period and 30.60 perceant 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 wheat and maize,
the exlisting fixed price policy led to maximum per hectare income
stability. A guaranteed income policy led to the most stable output
for maize while a fixed price policy was relevant for the rest. In
terms of total output, the guafanteed minimum per unit revenue
scenario led to the highest output in wheat and milk. But, for malze
a non-intervention policy as defined here was the appropriate

strategy.
Conclusions

In reviewing procedures for measuring iacome instability, a
number of commonly used techniques have been identified. It was noted
that the term "instability' has neither been defined nor measured
precisely. Consequeatly, several indices have emerged, often with
limited comparability. An importaat issue in all instability studies
is what sort of fluctuations are being measured.

Tt is believed that producers adopt strategies that minimize
variabtlity. 1In this study, an assumption was made that producers
income fluctuate along a time path and that the frequencies of these

oscillations are at least somewhat predictable. Consequently, they



126

should be incorporated in to the producers' decision-making process.
Accordingly, instability refers to temporary deviations from producars
income. A commoanly accepted measure of instability is the variance.
However, the coefficient of variation is preferred when dealing with
the variability of two or more variables with diffarent means.

In Chapter I, four hypotheses were forrﬁulated for subsequent
testing., TFirst, it was postulated that export earnings instability
could be approximately measured in Keaya's currency. An appropriate
measure in this context is one that is least unstable and highly
correlated with most other transaction curreacies used. Using the
Kenya currency as the numeraire resulted in the lowest indices for
hides and skins and pyrethrum extract. For tea and tinned pineapples,
the U.S. dollar led to least unstable indices. The relevant
currencles for coffee and beans and peas were the Japanese yen and the
Deutsche mark, respectively. However, in terms of correlation to
other currencies cousidered, the U.S., dollar and the SDR were the best
alternatives. The U.S. dollar, the Japanese yen and the SDR were
closely correlated with the Kenya shilling. Thus, the official
exchange rates did not translate different currencies uniformly.

The secoad hypothesis was that impacts on producer income
instability were greater from exported commoditias than from those
marketed domestically. To compare income from export aad domestic
sales, the local currency was used as the numeraire. During the
1964-73 period, income instability from exports were lower than
instabilities from domestic sales.

For the period 1974-83, the instabilities for exports were higher

than for domestic sales except in the case of maize, which had the
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highest variability amoag the quantities considerad. The results,
thus, suggest that income instability from exports have Lacreased,
while those from domestic sales have declined except in the case of
maize. Aggregate income instability from exports remained relatively
constant while that of domestic sales rose slightly between 1964-73
and 1974-83. The variability of combined income from exports was
consistently higher than that from domestic sales.

The third hypothesis assumed that effective policy imstruments
for stabilizing producers' income could be formulated. From the
simulation results, the curvent fixed and preannocunced producer price
policy stabilized producers' commodity income. The same policy
stabilized output of wheat and milk. A guaranteed minimum revenue
strategy enhanced the stability of maize output. Absence of
government iLntervention led to the highest ianstability values for milk
output and revenue from maize. The highest instability measure for
malize output arose from a minimum price support policy.

Finally, 1t was postulated that certain policies could be
developed which could increase the stability of producers' income. To
identify possible policy directions, some sources of income
instability for each of the commodities studied were ideantified,

Some policy implications can be drawn frowm this study. These are
summarized below.

1. In Keanya, the domestic currency of transaction is the Kenya
Shilling. Hence, the appropriate measure of export earniags
instability is that which 1s highly correlated with the
local curreacy, Tn this case, the alternative currencies

were the U.S. dollar, the Japanese yen and the SDR.
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A fixed exchange rate regime insulates an economy that is
more unstable than its trading partners, while a flexible
one would be relevant for less volatile economies. This
study indicates that a flexible regime would favor coffee
exports, while a fixed would favor tea exports since its
instability 1is generated internally. The importance of the
two crops in Xenya's external trade means that a managed
floating exchange rate regime would be a better strategy.
Income instability from externally marketad commodities
could be alleviated through the institution of second-best
policies. These would require resource shifts to less
volatile activities. Alternatively, 1if the source is
demand, then a form of international stabilization policy is
relevant,

In the case of domestic sales, income instability could be
managed through the use of suitable policy iastrumeats. The
role of govevranment in stabiliziang producer's income is
particularly ilmportant where demand i1s the main source of
instability.

The curveunt fixed price policies have tended to stabilize
revenues from grains., However, multlobjective programs are
not often achieved through a single policy instrument, 1In
this study, guaraanteed minimum revenue policy led to
increased output of maize but enhanced its revenue

instabilicy,
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Limitations and Need for Further Study

This study suffers from a number of drawbacks. Primarily,
decomposition of statistical identities precludes any direct reference
to underlying structural relatioaships. Furthermore, due to data
constraint, aggregate data were used. The results may not necessarily
extend to the micro-level. Xenya produces a wide variety of
agricultural commodities. However, oanly five most importaat
commoditlies were studied in details. The selectiona criterion was the
degree at which they influence Xenya's commercial agriculture.

The disturbance terms were assumed to be normally distributed.
The sample size was dictated by the availability of data and the need
to capture producers' income instability at a time when there has been
a political consistency. 1Ideally, the structural stability of the two
subperiods should have been tested.

In the simulation model, only supply aspects of three commodities
were considered. More detailed information oa weather is required. A
more rigorous study should cover all the sectors that affect
producers' iacome instability. These would include the farm input
sector and the importance of unofficial markets. The use of nominal
rather real values in this model and the earlier one was precipitated
by lack of consistent price deflators.

A wide range of problem areas exist for further research. First,
the structural relationship between export commodities and those
marketed locally deserves further study. A resesarch that considers
not only marketed production but total production would provide much

needed i1nformation for better decisions. Such a study could include



130

changes in the monetary sector and their impact on income variability,
The effects of risky production and product market eavironments on
the overall welfare of the producecrs and consumevs should be
rigorously investigated. Finally, and perhaps of more immediate
importance, is the need to analyze the long run implications of price

rigidities on quantities produced and supplied to markets,
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TABLE X

KENYA DOMESTIC AGRICULTURAL EXPORTS IN METRIC TONS, 1964-83

. YR T HS@ FEQ fFa Ka BPG BB TPR CNR NER
19L4 14567 N 63 15342 1303 12823 2357 19553 4357 £533
1745 15917 7411 274 10937 1373 9789 943 9073 4938 M3
1564 2ehob 7602 JE BN 1438 12442 1032 6106 9718 3073
1942 1BLg) 439 B Yy BT 1417 5632 Thb 6169 54 2317
1553 27499 b3d8 Jeb 28408 1790 171 1134 5278 8772 3547
1969 32e38 4548 387 29870 (82t 16889 824 7939 41 14564
1570 35100 943 265 387 1435 2283 43a 7465 23174 150586
1974 34231 Z 2271 363 B30 1243 12644 1046 10887 10604 15298
1372 e . 12323 31 0942 1405 30748 2652 9774 S350 20815
1973 31473 8224 158 I54ch 1658 13730 2174 17394 9381 12650
1974 2399 7032 478 1319 1348 tlésb 2078 BT 103el 13607
1973 2258 11943 3 15424 125 15050 12 z0003 14327 14013
1776 23267 14138 07 22124 (238 11570 1183 29904 1843 19327
1677 70230 11374 K18 17720 1360 20 1062 45177 1o i
1373 2354k JUEES] Zhf 2252% 16 1IN 1381 42062 y 94.2
1313 94023 17081 99 23030 {180 9735 1206 1046 301
1330 74757 G435 2B5 ool 1706 1u137 230 3943F 10700 LIB20
1961 [ 125¢4 143 7744 113 §960 265 40884 422 10620
1642 ahidl’ i3 ) R S 1453 7h1e B8 35935 YN 9125
(4 77941 =3 221 30316 182 1837 179 477535 3 bG3E
Source: Kenya Central Bureau of Statistics, Statistical Abstracts, Various Issues.
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TABLE XI

KENYA DOMESTIC AGRICULTURAL EXPORTS: F.0.B. PRICES
IN KENYA SHILLINGS PER KILOGRAM, 1964-83

R ¢CN PTN PS HHP H3PN PEPN AFP WF BPP BaPN TEPN CNP - WEP

1944

.29 1.31 2.08 .05 4,60 152,93 0.3s19 7.80 0.81 6.39 1.49 1.2 2.7

1963 7.34 1.63 1.32 1.16 .74 143,40 0.4093 .10 1,01 6.94 1.7 1,482 1.04
1924 £.54 1.71 1.20 4.69 677 149,25 04213 7.80 0.93 1.59 1,73 1,52 .11
1667 6.17 8.00 109 6,99 3.08 148,17  0.3s55 LD Lo1b 6.80 L. 139 1.07
1748 6.81 7.5 0.87 8.53 476 13677 0.324 6.40 0.9% b 14 1.47 L.4¢ 1,09
1959 6.6l B.€7 0.9 BN 3 2.4 0.3436 £.00 0,97 b.56 1.82 1.49 1.38
1570 8.2% 7.23 0.4% vod 3,52 132,007 0.40107 4,40 1.07 1.14 1.74 1.37 1.32
1971 6.52 7.09 0.87 12,20 5.90 14973 0.3939 4.00 1,13 g.17 176 1.4 1.58
1972 1.84 6.79 1.¢7 9,58 .18 148,22 0.3003 .60 1.04 1.47 1.89 1,33 1.62
1573 9.30 6.53 8 e L6l 18410 0.68B0 10,70 1,46 7.44 2,22 1.30 1.9
1974 10,74 7.82 L A T R 51 .70 192,21 u.6386 10,30 2.9 B.00 3.2 1,59 2,12
1975 14,40 B W Ly 9.07 22333 0.7%58 6.90 2,42 9.69 3. 1,39 2,46
197 28,06 10,72 285 1707 1.0 226,91 0.9997 B. 10° 2.89 9.69 1.47 1.7 2N
A 333 o4 330 167 1G9 238017 1.3435 1140 2,49 1228 4. 54 .29 3.13
1978 29.20 14,87 .63 1,98 18G4 31273 0.8994 11,90 2.8 12,03 .35 0.00 3. 18
1979 28.03 121,63 0 2634 2003 1,84 B34 12,99 Jood o 1404 454 15,84 3,50
1920 2700 15,51 478 20,38 ZII0 A3%62 L2478 L0 2,99 1589 §. 60 Lz 3.54
1581 25,40 fe.22 .87 262 10 BG2,98  0.9687  17.30 362 )bk 5.87 1.92 17
TG TAA 19 3096 3L 141 694,06 L 21Gh 1AT0 21 LA 1,34 9.87 1.24
~17el 35,40 24070 6.20 376 3.6 BUB.SR 0,943 (%W 98 122 8.5 3.67 9.30

Source: Kenya Central Bureau of Statistics, Statistical Abstracts, Various Issues.
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TABLE XII

QUANTITY MARKETED IN THOUSANDS OF METRIC TONS,
CROP AREA IN HECTARES AND RAINFALL
IN MILLIMETERS, 1964-83

YR K2 K12 GENT 25T CEMET
1354 41.4 0.2 135,20 134 TH0B6.D
1943 39.7 8.9 193.8 {722 7793440
195¢ 5¢.9 2.4 1743 128.4 B9Z4h.0
%47 18.5 22,6 253,89 ihZ.2 94I7R.0
1968 39.4 2.8  332.6¢  2tb.3 74B89.D
1949 3%.9 T&.1 0 ZBLY O Z21.2 104132.0
1e7¢ 5a.3 4,1 2357 2215 2320:L.0
1971 39.5 JA.3 IShs 0 205.7 ZZ03SL.0
1972 62,0 3.3 3730 LE44 23843000
1973 7.2 Sh4 s40.3 124,4 2733530
1574 Y 53.4  TaS.4 159,53 2498430)
1375 £6.2 37.7  487,8  145.3 236607.9
1974 80.3 42,0 2847 1E4.8 208438.0
1977 §7.1 84,3 4245 169.9 209450.2
1378 34.3 97,4 2363 1553.9 2897950
97 75.1 9.3 .7 Z0L.0 240539.¢
780 1.3 89.9  2:7.9  204.4 1848332
199: 50,7 0.9 4737 2144 229850
1632 3. 4 7.4 S71.7 CEL.T 28DI3a.0
1783 93,3 U953 &RY 0 282,7 I7414Z4)

hhi

30200
39000
57300
S74G0
31403
az8co
39300
647200
T720¢

75800 -

43790
28100
74300
d3490
72800
SEBOY
10700
57200
gL
78064

113890
179599
120904
1331090
139199
132700
121160
SI76H
8320¢
4300
83300
aFIng
2569¢C
909440
77200
73800

ca g
T340

116030
a74.35
{127.¢83
32:.20
1173.48
392,35
3235.90
186,37
167948
592,47
727,43
194,83
£32.93
1239.3%
1372.75
12330, 13
00,58
171,63
1230, 46
240,58

Source: Kenya Central Bureau of Statistics,

Statistical Abstracts, Various Issues.
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TABLE XIIIT

EXCHANGE RATES: NATIONAL CURRENCY AND S.D.R. UNITS

PER U.S. DOLLAR, PERIOD AVERAGE,

1964-83

1876 7

1971 7,143
377 700
1973 7,143
1974 1.4
97 5347
1976 8,277
1877 7,729
91 1.7
§79  7.§73

98 7,420
3 9047
2 10322
-
bl

i e,
-2edle

b IL JY

3.97:8 424,50 6L
3,994 524,30 TALA9
7.998%  4z4.30  JAZ.IS
3.9863 624,10 342,13
1.9920  623.40  IbG.GT
923 &8I IRGE
T 084S £Z7.20 ISET
24820 518,40 J47.%4
J.1E86 358320 363,07
2.6725  383.00 271,70
2.3672  A30.3C 29Z.408
2.4603  £82.30 296,79
2.3180 332,30 2%4.%3
2.3222 82,20 ZaB.El
2.5086  244.70 210,44
1,3329 330,90 219,14
18177  8%4.40 226,74
2.2609  L13E.ED 220,34
204264 1I52.30 249008
L.3335 15i5.80 0 237,31

K&

2.h048
31,6004
3.4i93
1.6024
3.4198
3,524
3.6144

PR
Ll

.
[PV I ¢ L Y ]

LN —~) -a
— 3 19— <

JKL

3,558
0.3576
¢, 2380
0.3547
478
0.4184
9,417
6.4092
24004
0.4)32
6.3278
0.432¢
(.3543
0.5733
§.3213
34722
0,8703
0. 4773
53735

9.5397

ohH

LoGong

L 000C

HREDD)
DAY

LR

6,2338

3313

0,523
. B4E2
1,558
37957
37740
37453

d.5481

Source:

International Monetary Fund. IFS.
1985, Yearbook,

on Exchange Rates,

Supplement

1985.
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TABLE XIV

AVERAGE PRICES PAID TO PRODUCERS:
KENYA SHILLINGS PER
UNIT,* 1964-83

1R Pag it PeK FrY “FAE
1944 7.550  .2i 0 a8 €23 4z
1963 2.470 1.4 33,5 5.7 i3
1388 Z.840 7,330 G 10 4.9 2
1357 830 7.8 IEE 9e.8 57
T 6.464 2,850 20.30 263 59
1749 6,304 L.1BY  2T.ED 4.8 92
1974 7479 673 27,9 45,1 gz
97 . 348 8,803 I3.39 20.4 i3
1972 7.78% &3 IE.9D Z0.3 77
1873 .27 .57 3890 . 77
1974 19,078 T.204 36,30 86,4 77
1975 o636 B.078 6950 194.7 39
(F7E 0 25.230 0 19,389 74,60 120.3 1403
{377 33.730  21.592 s6.9 $33.3 (12
1973 28.1&! 15.832  77.%0 43,5 17z
1979 26,348 13,367 8.3 146.3 {32
1985 28,348 17,743 L4 1839 Y-
(98] 22,804  £7.72%  190.0% {£5.7 195
1362 I7.009 19,308 167,70 1874 23
(7330 4830 2,840 (3L D2 IiT

* PPC and PPT are in Kenya Shillings
per Kilogram.
PPM, PPW and PPME are in Kenya
Shillings per 100 Kilograms.

Source: Kenya Central Bureau of
Statistics, Statisical
Abstracts, Various Issues.






TABLRE XV

DESCRIPTION OF DATA VARIABLES
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F.0.B. Export Marketed Average Price

Commodity Year Price Quantity Production To Producer
Coffee YR PCN QC KCP PPC
Tea YR PTN oT KTP PPT
Sisal YR PS Qs — -
Meat and Meat

Products YR MMP MMQ - -
Hides and Skins YR HSPN HSW ——— -—
Pyrethrum

Extracts YR PEPN PEQ —-— -
Animal Feed YR AFP AFQ ~——= -
Beans and Peas YR BPP BPQ -—= -
Wool YR WP WwQ - -
Butters and Ghee YR BGPN BGQ - -——
Tinned

Pineapples YR TPPN TPQ - -
Cashew Nuts YR CNP CNO ——
Wattle Extracts YR WEP WEQ ——— -
Maize YR e - QSMT PPY
Wheat YR -— — QSWT PPW
Milk Equivalent YR _— — QSMET PPME
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TABLE XVI

DEFINITION OF ABBREVIATIONS

KSH
DM

IL

NG
UKL
Us$

SDR

RFL

Kenya Shilling

Deutsche Mark (Federal Republic of Germany)
Italian Lira

Japanese Yen

Netherlands Guilder

Pound Sterling (United Kingdom)

United States Dollar

Special Drawing Rights

Hectares under maize

Hectares under wheat

Total Rainfall for selected weather stations
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x KENSIH.FOR & IS THE SIHULATION FROGRAM USED IN THIS STUDY
@eRPPERERe NOT ALL THE VARIAELES WERE USEL Geeeeeeged
2SSt 2RSS R e R R LR
FUNCTION GAUSF (NDUMY:

GENERATES RANDOM NUHBERS ACCORDING TO GAUSSIAN DISTRIB.
BWITH MEAN VALUE=ZERO AND STD =1

SOURCE J. P. CHANDLER,» 0QSUr STILLWATER

Adarted bw M. FOLK and I. ROF, OSU» STILLWATER

FOR A RANDOM NUMBER FROM GAUSSIAN DISTRIEBUTION WITH MEAN
VALUE EQUAL 70 “AMEAN’ AND STANDARD DEVIATION EQUAL TQ
"ASIBHA’ USE... ,
RNG=AMEAN+SIGMAXGAUSF (DUMHY .
RANF RETURNS A RANDOM NUHBER FROM A DISTRIBUTION UNIFORM
{0el,

DATA NARG 70/
DEFEAT THE IDIOTIC EMR OGFTIMIZATION
NARGA=NARG
TEST=RANF (NARG/
GENERATE AN cXPONENT'LY DISTRIBUTED RANDOM NUMBER.
10 R = RANF(NARGA)
IF(R)10¢10»20
20 GAUSF=-ALOG(R)
GENERATE ANOTHER
30 R=RANF{(NARG)
IFCRI30»30r40
40 R = -ALOG(R)}
PERFORM THE REJECTION TEST
IF{(GAUSF-1)%¥Z2~-R-R)S5G+50r10

SO IF(TEST=-.5)80s70+70
40 GAUSF=-GAUSF

70 RETURN

END
DUNMY LINE -- DELETE =-- DELETE -- DELETE =-- DELETE ~--
RAND2 ~-- RANFs ASEARCH» HULKs HWANG SPECTRAL: FSRAN

FUNCTION RANF (NARG)

SHUFFLES USING MULTIPLE GENERATORS WITH THE SAME FERIOD. AS LONE BY
MARSAGLIA. THIS GAVE A VERY SHORT PERIOD ON THE ISM 1130.

GENERATES PSEZUDO-RANDOM NUMBERSs» UNIFORMLY DISTRIBUTED ON (0r17.
THIS VERSION IS FOR THE IBHM 360.

J» P. CHANDLERr COMPUTER SCIENCE DEFT.» OKLA. STATE U.

AETHOD., .. COMPOSITE OF THREE MULTIFLICATIVE CONGRUENT
G. MARSAGLIA AND T. A. BRAY, COMM. A.C.H. 11 (1968 79

~i i
I
r
G)
m
=z
m
pal
D
-
Q
m
n

IF RANF IS CALLED WITH NARG=0s THE NEXT RANDOM HNiMBE: ETURNELD .
IF RANF I35 CALLED Wi7H NARG.NE.,J» THE GENERATOR IS5 R IA
USING IABRS({2¥NARG+1)r AND THE FIRST RAMDOM NUMBER F
SEGUENCE IS RETURKEW.

CGUIVALENCE (RANrJRAN
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DIMENSION N(1287

‘DaTh NFIRST/7/:K/7654321/5L/7654321/8/7434321/

C
¢ HULTIFLIERS USED BY VAN GELDER....
c
c DaTA HK/105005B/»HL/1C40SB/ 1 HH/Z000SE/
DATA MK/2B2629/,ML/34821/,HH/65541/
c
IF(NARG)>20+10¢20
10 IF(NFIRST)30,60:30
c . RE-INITIALIZE USING NARG.
20 KLM=IABS (2ENARG+1)
K=KLH
L=KLH
M=KLM
c INITIGLIZE,

36 NFIRST=0
J2¥%24 Leen

9]

NDIV=14777216
c ZXACT REAL REFRESENTATION OF 2%xX3I1 ....
RDIV=32768.%65536.
FILL THE TABLE.

(¥}

Do S0 J=1r128
K=aKiHK
SO0 N(J)Y=K
c COMPUTE THE NEXT RANDOHM NUHBER.
69 L=L¥HL
J=1+IARS{L)/NDIV
MaMkHM
NR=TABS(N(LJ)Y+L+HD
RAN=FLOAT(NR)/RDIV
FIX UP THE LEAST SIGNIFITANT BIT.

c
IF(J«GT.04 +AND ., RAN.LT.1.) JRAN=JRAN+L
RANF=RAN
[ " REFILL THE J-TH FLACE IN THE TABLE.
K=K&XMN
M{dr=K
RETURN
END
COARKARKKEKRE K KM KA LA EKAKKR MR MK LERKRRKM KKK R L KRR KKK NKK K
c
E QUTER LOOF (S) AND INNER LOGF (J) COUNTERS
INTEGER Srd
C
C DECLARE INITIAL PARAMETERS
ChaxarXhUWREATHRRK

REAL AW BWs CWrrWrWAYWU I WEF » WH
C
CRAARKKRRKNAR A RMATZERK KK XK X K KKKk
B REAL AMrBEMrCMoLM UMsACH EFMr RN
CARARERN KRR ALK AR AR KU MR KRN KKK
REAL AME s EME»CHE » DME s EME » UHE s ACHE » EF ME

VRRLABLES IN SUPFLY AND GEMAND
RAALAUHEATRER K%

REAL GSWAILI20/)0:130) s TRE(L:I26s0307»SGTILC

[N Nl

26001307

‘.
Y



REAL SW(1:2C»0:30)sSRW(LIZ0¢0I30),PRW(1220,0:30)

REAL TASWA(Z0:»TSQLUW(20)TSW(26)» TSRW(20) s TRWS(20)

REAL AVASWAC20) rAVSADWI{203sAVSW(20) rAVUSRW(20) ¢ AVRW(20)

REAL CVSWA(20)»CVQADW(20)sCVUSW(20) s CUSRUW(20)»CURW(2G

REAL CVMES(20)sCVGDC20),CYSI(20)»CVYRCIZ0I P DIF(20)

REAL WCFeSR(OLIZG»1:30),GHIL1I2020330)1TSR(Z0)»TAM(Z0) 1 AVSR(20)
REAL AVGHM(20) rCONS{(1:20,0:230)/RT(1:205,0:30)

REAL CVSR(2G)CVAM(20))CYSAF(20)CVANF(20)»GEXPW(1:20+0:30)
REAL GEXRW(20)

c

CARKXXMATIZERKEKK
REAL ASM(1:20»0:!30)»TRM(1:20,0130)»QDM(1220+0:30)+GELRM(20)
REAL RHM(1:20¢Gi30)»TASH(ZC) +TADH (20 » TSAM(20) 1 AVESH(25)»AVATH(20)
REAL AVRM(20) »USM(20)»VDM(20) s YRM(20) s CUSHIZC) »CVON(20) v CURM(Z0)
REAL GEXPM{1:20,0:30C)

c

CHRAKEKRKRMILKENKE
REAL QSME(i:20+0:30)+TRME(LI2090i30)sQGOME(L1I20+G130)
REAL GHMME(1:20,0G230)rTGSHE(ZO0)»TADME(IO) » TOGMHE (20 »AVASHE (20
REML AVGDHE(20) 1 AVGHMME (20 »USHE(ZO0)» VOME(20) »UGHMHE(Z0 ) #CUSHE(2Q)
REAL CVUDME(20),»CUGHME(Z0) »GEXPHE(1:20,0:30) rGEAGHE(Z0)

c

C INTERNATIONAL TRALE
2 SHOK K 0K K 0K ok K O KK K KKK

L
c REAL GIW(2C)rQIMC20)»GIME(207»REW(20 »QEM(ZO) 1 QEMECZOY
c
£ DEBUG FLAG
INTEGER DEERUG
c
C INITIALIZE CONSTANTS
DEBUG = i
C

C INPUT INITIAL VARIABLES
READX+AW»BUsCWr WHIyFUrAVRW(O) »WZ
READK1AVASWA(O) rWAIWSD Y WEP
READX 1AM r BM» CHs HM s DH»FH P AURHC(0) » ZH
READX»AVQRSM( O ) ACH» STMIEFPM
READ®+AME » BME yCHE» DME»LQSH,PHE s ZMErAEM » SDME » EPME
READK s AVSQDW(T) » AVADM(O0) rAVGDHE (O ) » AVASHE(O)
FRINTXy "FIRST LINE:  sAWyBWsCW s WHPU»AVRW(O0)»WZ
FRINTK> "SECOND LINE:’»AVASWA(O) »WAWSTWEF
PRINTXs “THIRD LIKRE: »AMeBMsCHsHHDHrFH> AVRM{O) s ZH
PRINTXs "FCGURTH LINE: ' »AVGSH(O) rACH »SDMIEFH
FRINT®,»’FiFTH LINE!’ rAMEBME,CHEDMESEREsPHME»IHE »AEHN» SDME s ZEFPHE
PRINTXs "SIXTH LINE!’/»AVUSADN{0) rAVADM(O)»AVRADMHE (&5 »AVQSHE (O
FRINTXs "DERUG = ’,»DEBUG

D

SIHULATION STARTS HERE
DQ 1600 S=irLl3
COMFUTE SEQUENCES FOR REFERENCE SOLUTION: WHEAT
DO 400 J=1,30
TEMP=GAUSF (DUMNY)
PRINTEk» “BAUSF valUT RTTURNED IS ‘. TEMF
Wi=Z.33+2.02KTENF
Ir (DZBUG.aG.17 THEN
FRINTh» ‘Wls’ril
ENDIF
€ GUARANTEED HIN V&R
RW{Ssd—-1)=AVRW{S-1)

[ o]
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RM(Sy»J=1)=AVRN(S-1)

C VARIABLES FOR WORLD FRICES

c

cc OSWA(S»J-1)=AYVASWA(S=-1)

> BGSH(S»J—1)=AVASH(S~1)

cC GSME(SrJ-i7=AVASHE(S~1)
FPHRN=26.907+5. 691 XTENF
IF(PMRN.GT.0) THEN
PHR=FMRN

FWRN=7.313+5.,624%TEHF
IF{PURN.GT.0} THEN
PUR=FWRN
ENDIF
PHERN=9.,06+B. 161 XTEMF
IF(PHERN.GT.0) THEN
FHER=FMERN
ENDIF
T=BHEXPMER
IF (DEBUG.EQ.1) THEN
cc FRINTXe "AVASWA(S=-1)= »AVASWA(S~1)y "AVASH(S=1)a’ s AVASM(S~1
cc PRINT®y  AVGSME(S-1)3"»AVASHE(S~=1)
PRINTXs ‘PHR=’ »PMR» 'FWR="»FWRs "PMRN=’ ,PMRN» 'PURN= ", FURN
FRINT®s» 'PMER=’»PHER, "T=’+T, 'PHERN="»PMERN .
PRINT®., "PH=’PHy 'FU=’,FUy 'FHEE="+FPME+ 'QSWA(SsJ-1)="QSWA{SrJ=1)
ENDIF
SUPFLY FUNCTIONS

[ ]

QSWA(SsJI=AWTBWRRW(Sr J=1)+CURXURFTEHP
ASM(S s Ji=AM+BHARN{S r J-1 ) +CHEXHM+DHXRW(S, J=1) +UW1
QSHE(SrJ)=AME+TH+CHMEKRM(Ss J~-L ) +IHMEXKLQSH+WL

IF (PHER.LT.PHE) THEN :

PHER=FME

ENDIF

O noOn

Wi=WZ+WAKWSD
UM=ZIM+ACHXSDM

UHE=ZME+AEHMXSDME

IF (DEBUG.EQ.13 THEN

PRINT®» "WU=" WUy "UM=" UM "UHE="» UNE
ENDIF

CONSUMER FRICES

(g Ny

WCP=8.544

CPH=6.993

CPME=7.B33

FFB=5.875+0.2044TEMF
DEMAND FUNCTZIONS

[y Nul

SADW{Sy =11 kAVSRDUW(S~1)
QDM(S+J=-1)=1kAVGDM(S-1)
GDME{S» J~1) =1 XAVUGDHE(S-1
SADW(S,» I =WU-WEFXRUCF
GLM{Ssd. =UN~EFHXCAH
GUME(SrJ)=UME-EFME4CFNE

UDZRIVING REVENUES (INCOHMES!

(s EEEY

TRW(Sy J)=QSWA(Sy =11 LFUR




Ooo0 (s N Nl

oo

cC
cc

IF (FWR.LT.FU) THEN
FWR=FUW

ENDIF
TRM (S J)=ASH(Sy J=1) KFHR
iF (PMR.LT.FH) THEN
FHRaFM

ENDIF
RW(S»J)=TRW(SrJ) /WH
RM(SsJ)=TRM(SsJ) /HM

DEBUG?

iF (DEBUG.EG.1) THEN

FRINTXy “S="»Sre’ =rd

PRINTX®, 'QSWA(S»J)=",3SWA(S,»J)
FRINTXy SQDW(SsJi=’,5QDW(SsJ)

PRINTXy "TRW(SrJ: = ’vTRU(SvJ)v'RU(S:J)!'vRU(S}J)
FRINTX» 'QSH(SeJ)="»35H(S9J)» "QDM(Sed) =" »QOH(Sr )

FRINTXy "TRH(S»Ji="pTRM(SsJ) s "RH(SsJi=’1RH(S» J)

PRINT®, QSHE(S»J) =’ y(ASME(3rJ) s "QUME(S»J)="sQDNE(SsJ)s 'FMER=’ »PMER
PRINT e "AVSRDW(S~1)=' sAUSADW{S~1) s AVADMI(S-L)=’»AUGDN(3-1)

PRINTX, "AVGDME(S~1)='»AVGDHE(S-1i
ENDIF

C DERIVING GOVERNMENT EXPEDITURES (GEX)
c

C Frice Susport Prosram (GEXF) Leading to Froducers’ Exmact’ion
3 KA A0 3 30K 2 K K T R A K3 A 2K KK KK KK KKK 0K KO X R XK K X KK

c

CCCC Guaranteed Hinimum Inceome Froaram{GMR) ~& Basis for
LXK KRR AR A AN KL RN AR AKX RN KX RN MUK XKL KR XKL NA

15

c

FUD=FW=-PUR
IF (PW.GT.PWR) THEN
GEXPW(SsJ)=TRW(Sri=-1)%FPWD

ENDIF

PMD=PH-PHR

iF (PM.GT.FHMR) THEN
GEXPM(S1J)=TRMH(SrJ-1)kPHD

ENDIF

PHED=PME-FHMER

iF (PME.GT.FMER} THEN
GEXPME{Sr ) =QSHE(Ss j-1) XPHED

ENDIF

IF (DEBUG.E@.17 THEN

PRINTX: ‘GEXFW(SrJ) =’ pyGEXFW(Sr ) r  GEXFHa~’
PRINTXs ‘GEXFME(SrJ)=’ sGEXFME(S,J)

ENDIF

IF (AVRW(S).LT.0.8%kAVRW{S~1}; THEN
FRINTx» "GOVERNHENT FAYS THE DIFFERENCE”
ENDIF .

IF (AVRM(S).LT.0.3XAVRM{S5~-1); THEN
FRINT®, GOVERNHENT PAYS THE DRIFFERENCE"
ENDIF

C CALCULATE SUBSILY

IFCAVRUW(S) JLT.C.8XAVRWIS-1), THERN
GEARW(S)=0.8XAVRW(S-1 ) -AVURW(S)
ENDIF

IFCAVRH(S) JLT.C.3%AVRW(S~-17* THaN
GEARH(3)=0.8XAVRM(S~1)-AVRH{S)
ZiNDIF

IF {(DEFUG.EQ.1} THEN

» GEXFM

Exract ion
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ENDIF

C NET -TRADE(From International Trade)
C ttttttdsttdtdtr+estttbrss+i++44++4

OO0 O0o0agoaoao 0N OO0 000

LF(AVASWA(S) .LT.AVSQALW(S)) THEN
GIW(S)=AVSADW(S)~AVASWA(S)

ENDIF

IF{AVASKRA(S) .GT.AVSADW(S)) THEN
GEW(S)=AVRSWA{S) -AVSADW(S)

ENDIF

IF (AVQSH(S).GT.AVADM(S)) THEN
QREM(S)=AVQASH(S)-AVGDKI(S)

ENDIF ’

IF (AVASM(S).LT.AVADM{S): THEN
RAIM(S)I=AVRDM(S)-AVRSMH(S)

ENDIF

IF (AVASHE(S) .GT.AVRDME(S)) THEN
QEME(S=AVASME(3)-AVQDHE(S)

ZNDIF

IF (AVASHE(S) .LT.AVADME{S) ) THEN
QIKE(S)=AVADME (S, -AVASHE (S’

ENDIF

FRINTX» QEW(S)="»QEW(S) y "QIW(S)=“»QAIW(S)y "QEM(S)I=’' vy AEM (S
PRINT4s "QIME(S)=’ ,GIME(S)» "GENE(S)="»QEME(S)

400 CONTINUE

Xy Nyl

616

COMFUTE REFERENCE SOLUTION

TASWA(S) 20
TSGHW(S) =0

TSRW(S53=0

TASH(S) =20

TAOM(5) =6

TSRM(S)=G

TRSME(S) =0

TRDHE(S)=0

CUSWA(S) =0

CYADUW(S) =0

CYRW(S) =0

USH(S) a0

VDM (5)=0

URM(S)=0

USHE(S) =0

VOME(S)=0

00 610 J=11:30
TGSWA(S)=QSWA (S, J)+TASWALS)
TSGDW(S)=SRDW(S ) +TSGDWLS)
TRUS{5Y=RW(S,J) +TRUS(S)
TASK{S)=GSM{S s +TGSMIS)
TROM(Sy=AUM(S»J)+TADM(S;
TSRM(Si=RM{3rJ7+TSRH(S;
TASHME(S)=ASHE{(S»J) +TASHE >
TADHE(S)=QDKE(S+J)+TILHELS)
CONTINUE

AVASWA(S) =TASWA(S) /25,0
AUSATL (55=TSADW(S) /23,6
AVRM{S) =TRWS(S) /2.5
AVOSHM(S)=TASH(S)>/20.3
AVRDH(S)}sTGOH(S) /20, )
AURM(S)I=TSRH(S)/2C.0
AVOSHE(S) =TRSKE{(3),/20.0
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AVGIME(S)=TAIME(S:>/20.0

C COMFUTE CV’S

O

©

a0

o

g 620 J=11,30C
CYSWA(S)=TASWA(S)I+(ASWA(S+ J)~-AVASWA(S ) ) K42
CURDW(S)=TSADW(S)+{(SABW (S, JI-AVUSADW(3) ) x*%2
CURW(S)=TRUWS(S)+{(RW(S»J)-AVRW(S) ixxZ
USH(S)=TASH(S»+(ASM(S»J)-AVGSH(S) ) kX2
VIH(S)=TQDH(S)+(QDH(S+J)-AVQRDM (S I xKk2
VRM(S)=TSRM (S +(RM(S5s J)-AVRM(S) ) kX2
USME(S)=TQSME(S 1+ (@SHME(S» ) =-AYQSHE(S) Y kX2
VOME(S:=TRADME(S)+(QUME(S,J)-AVADME(S) ) Ax2

CONTINUE
CVAS(S5)={SART(CVSWA(S)/20)%100) FAVASKH(S)
CUGD(S)>={SART(CVRDW(S)>/20)%100)/AVSADW(S)
CUR(S:=(SART(CVRW(S)/20%100}/AVRU(S)
CUSH(S)=(SART{VSM(S:/720)%1G0/AVASH(S)
CUDH{S)=(SGRT(VDM(S)/20:X1605AAVADH(S )
CYRM{S)=(SART(VRH(S)/2C)I%*10G)/AVRMI(S)
CUSME (S =(SART(VSMNE{S)/Z0)%10G)/AVASME(S]
CVDME(S)=(SART(VDHKE(S)/20)%100)/AVADME{S

PRINT RESULTS OF REFERENCE SOLUTION! WHEZAT

PRINT®, "AVASUWA(S) = ‘', AVOSWA(S)
PRINTXy 'TSADWI(SY = “»7SADW(S?

FRINTXr "AVRW(S)= ‘,AVRW (S

FRINTAr CVAS(3) = "»CVAS(S)

FRINT®s’ CUR(S) = “H»CVUR(SI» AVASM(S)='rAVGASHM(S)
FRINT®s "AVADM(S) =" AUQDM (S " TASH(S =’ s TASM(S)
PRINTX, 'TGDM(S)='»TADM{(S)

PRINTX» "CUSM(S)="»CUSH(S)

FRINTX» "CURM(S)a8’ yCURM(S)» " AVURM(S)=’»AVRM (S

FRINTXy 'TSAME(S)="»TQSME(S,)+» “TADHE(S)="H» TGOME(3)

PRINTAXs "AVASHE(S) =" »AVQSHE(S)
FRINTKy 'CUSHME(S)="rTUSHME(S) s 'FHE="'» FME
FRINTE, "CUDME(S) =" yCVDHE(S)

1000 CONTINUE

END
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TABLE XVII

DESCRIPTION OF SELECTED INSTABILITY INDICES

Index

Description

United WNations

Coppock

Linear least-squares

Exponential least-squares

International Monetary
Fund

Deviation from an n-year

moving average

Average percentage
deviations from
least-squares trendline

Transitory income

Coefficient of Variation

"Corrected" coefficient
of vartiation

Gelb's (1979)

Used by the United Nations, 1952.
Obtained from sum of absolute deviations
of yearly earnings as a percentage of
the larger of two consecutive annual
earnings.

Developed by Coppock, 1962, Uses
deviations from trend line,

Derived from the sum of squared
deviations from a linear trend line.

Derived from the sum of squared
deviations Erom 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

Absolute deviations from an n-year
moving average are calculated. Value of
n is determined a priori.

As for linear least-squares but uses
average percentage deviation from
linear trend,

Developed by Knudsen and Parnes. Uses
normalized variance of transitory income.

Standard deviation divided by the mean.
Is often applied to raw and detrended
data.

Developed by Cuddy and Della Valle.
Ad justs the coefficient of variation by
(1-r%)

Variation Measure on a filtered
stochastic process.







TABLE XVIII

WORKSIIEET FOR COMPUTING COPPOCK'S INDEX

{1) {2) (3 ] (5 (6) n {8) {9
Year Quantity Price Ravenue Ln of  Ist.Ditference tn 1st Ln Difference (5)-H (8) Square
W1 XSh/Kg KSh., Revenue  of Revenue Difference Squara
(112 tn(3) {Trend) (6282

1964 42304 7.29 308396160  19.34689 -0, 09001 =0.20701 0.04285 -0.21317  0.04344
1963 38399 1,34 781848660  19,43488 0.29629 0.17928 0.03214 0.17313  0.02997
1966 34461 8.96 379048360  19.75317 -0.19109 ~0.30810 0.09492 -0.31425  0,09875
1967 30748 .17  3IL311TEA0  19,36208 -0.20134 ~0.31833 0.10135 -0,32430  0.10530
1968 37594 b.B1 256015140  19.36074 0.27457 0.15736 0.02483  0.15141  0.02292
1969 . 50969  b.61 336905090  19.463531 0.27912 0. 16214 0.02628 0.13596  0,02432
1970 33125 B.29 445380250 19.91443 0.19783 0.08084 0.00554 0,07469  0.00558
1971 36426 9.62 SAZ818120 20.11228 =0,0921% -0.20914 0.04373 -0.21531  0.04436
1972 43142 7.84 495033280  20.02013 0.35837 0.25136 0.06318  0.24521  0.06013
1973 7537 9.50 715511500  20.38850 0.07041 -0.04640 0.00217 -0.085275  0,00278
1974 71681 10.71 767703510  20.438%1 -0.08777 -0,20478 0.04193 -0,21093  0.04449
1975 47613  10.40 703196000  20,37144 0.97579 0.85878 0.73731  0,85263  0.72498
1976 77546 24.06 1BASTS6TH0  21.34493 0,78403 0.66704 0.44495  0,66089  0.43477
1977 9434 43.3) 40BA625620 22.13098 ~0. 49405 ~0.61106 0.37339 -0.61721  0.38093
1978 85392 29,20 20934456400  21.63693 -0, 12004 =0.2370%5 0.05619 -0.24320  0.05913
1979 77240 28,44 2212182240  21.51489 ~0.02233 -0.13934 0.01942 -0,14349  0,02117
1980 80066 27.01 2162582660  21.49456 0.01130 -0.10571 0.01117 -0.11186  0.01254
1981 86108  25.40 2187143200 21,50386 0,27923 0.16224 0.02632  0.13609  0,02436
1982 100968 28,64 2891723520 21,7851l 0.10184 -0. 01517 0.00023 -0,02132  0.00043
1983 90444 353.40 3201717600 21.886%3
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TABLE XIX

o+

CALCULATION OF THE COPPOCK INDEX™

Calculating the Indey ficcording to Equation (2.1}

a) Mean of (D)

b) Log-variance (7}

¢) Square Root of (b)

d) Antilog of {c)

e} Value in {c) less one

) Instability Index (Coppock’s I-1)

Deriving Coppock’s Index Using H as defined
in Equation (2.2) €M is Derived from the First
and the Last Dbsevations)

Value of ¥ calculated as in Eguation (2.2)
a) Use Row (4) '
i} Last Minus First
ii) Divide i) by n-1 to Obtain M
b) Calculate Ist ditference less # (Row (8)
c) square of (b)
d} Sum of (C)
e) Divide {d) by n-l
$} Find the square root of (d)
g) Find the antilog of (f)

h) Subtract one fros (g)
i) Multiply (h) by 100 to obtain the Index

Conclusion

The instability indixes derived from the original
and the "simpler® approach differ by 0.0088, implying
that they are essentially the similar.

* For details on procedures, see
Coppock, Joseph D. (1962): pp. 23-
24 and Knudsen, 0. and Andrew
Parnes (1975): p. 12.
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