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THE SUPPLY RESPONSIVENESS OF PEASANT AGRICULTURE
IN ETHIOPIA: SOME MACROECONOMETRIC RESULTS FROM
CEREALS PRODUCTION

Abebe Haile Gabriel’

ABSTRACT

In wview of the strategic mile that Tfood supply’ plays in economic
development, this paper sefs out to estimale the supply responsiveness of
peasant agncultura, particulany cereals production, fo prce levels. A lime
series dala on area culfivated, yield as well as prce and other relevant
variables are used. Cullivated area was taken as a response vanable while
effects of own-price, cross-price, factor (input) avaiabilily and costs, and
vield expectations are considered as explanatory vanables. A log-fingar
dvnamic response equalion Is specified in which ad hoc specifications of
sunply response including partial adiustment and expectations formation are
imlegrated. Resuwlts indicate that cereals, which are the single mast important
source of food supply In Ethiopia, are found to be inglastic fo pnce%em]er in
their aggregates or considered individually. On the other hand, relatively
larger msponses (which are also elashic for majze and sorghum) with
respect to the movement of real exchange rate were observed perfiaps
suggeshing that foad imports have been competing more with cereals that
mainly make up the poors' consumption bundle.

1. INTRODUCTION

\With market arthodoxy gaining wide currency, the role of market signals in influencing
the behaviour of economic agents has been highly stressed and spoken of perhaps
too freely. Since the past sluggish agricultural performance in the poor countries is
ascribed mainly to the distortion or absence of such signals, 'market liberalisation has
become the primary catchword in influential policy discursions and practices. The
bottorm-line of such an argument is that peasants, like any other 'economic men’ are
behaving rationally by responding to market forces; and since they are presumed (o
be at the price-receiving end of the agricultural product market transactions, they
would expand production and increase sales as their erstwhile unfavourable terms of
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rade which resulted from suppressed markets are improved when markets are
allowed to function 'freely’.

There has been much controversy around the issue of whether or not peasant
agricuiture s responsive 0 prices Several researchers attempted 0 medsure the
supply responsiveness of agricultural production, however much of the emphasis has
been an cash crops rather than on food crops. Although Ethiopia has been a late-
comer to the SAPs, it has put the set of economic refarms in place that accompany
the SAPs with the exception. so far, of land privatisation. On the other hand, a
comprehensive analysis of supply response of peasant producticn 15 lacking in. This
paper attempts to maks a modest cantribution in addressing the problem.

The main thrust of the paper 15 to grapple with the issue of whether or not peasant
agriculture (particularly cereals production) has been responsive 1o prices. The
analysis focuses on macre level figures (both aggregate and individual cereals Tha
paper s organised into two sections: first the canceptual and methodelogical issues
related to modelling peasant supply response are presented to be followed by a
presentation of the supply response estimates for cereals production in Ethiogia.
Finally @ summary of the main points i1s provided,

2. PEASANT SUPPLY BEHAVIOUR AND

THE SUPPLY RESPONSE MODEL
Z.1. What is to Model? Choice of the Response Variable

FPeasant supply respaonse measures the degree o which level of production andfor
marketed surplus changes in response to stimull provided by changes in some
impertant variables, mainly prices. In essence, it seeks to explain the behavioural
changes of producers with respect to the preduction, consumption. and exchange
decision aof a certain product or set of products due to changes in ecocnomic
incentives  Rational price sensitivity on the part of peasants would presuppose
gesirable responses to changes in prices. Conversaely insensitive producer behaviour
15 construed as insignificant or absence of output responsiveness despite notable
changes In prices. Therefore, arguments surrounding the guestion ihat 'how much of
= given product or set of products should be produced in response io changes o
aconomic incentives are predicated upon cerdain predetermined . perceptions
regarding the obiective functions of the producer and that of the behaviour of markets
The analysis of supply response heavily draws from the neo-classical economics
tradition of optimisation problem in which the supoly behaviour of the 'firm’ s often
extended and metapharically equated with the peasant 'farm’. while at the same time
rural markeis are deemed with some gualifications, to assume resemblance of the
features exhibited by the 'compeatitive markets'
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Strictty speaking. the primary concern of agriculfural supply response is abouwt
marketed surplus, which vanes with levels of production, or consumption, or both. For
example, marketed surplus might directly vary with production (if consumptian is
maintained constant) On the other hand, marketed surplus might not necessarily fall
even If production falls (it might even nse at the expense of consumption hence
varying inversely with produstion) Tha available theory suggests that price elasticity
of marketable surplus can be estimated directly through the censtruction of a stning of
structural functions involving marketed surplus. censumption, production, and prices
after which a reduced form could be derived or indirectly by denving it from functions
of total production and household consumption (Medani 1975, Behrman 1968, Hassel
1978) This requires that detalled data be avalable on production, housenold
consumpticn and price levels, In the Ethiopian context, however, such kind of data is
sirmply unavailable rendering estimation of marketed surplus respanse quite difficult if
nat impossibie When they are avalabole, estimates of marketed surplus assume a
fixed proportion of tatal praduction In which caze no difference could be gbserved
betwesn changes in the two In view of the sirong dependence of the level of
marketed surplus on total producton (especially at a very low level of household
consumpiion), the behaviour of total production might approximate peasant supply
response behavicur Therefore, total production s considered as a basis for modelling
supply response;

What supply response seeks o measure would be producers mtenhoﬁﬁ In response
to changes in certan key explanatory vanables But plans or intentions are not
tangible and cannot be measured directly; nor could they be attained or materialised
in fullness of magnitude. So, in practice actual performances are considered as their
proxies in which output is regressed on a set of explanatory variables using
econometric models whose functional forms would be specified taking into account
both & prior theoretical considerations as well as specific circumstances. Then, the
estimated coefficienis (parameters) would become the basis upon which elasticities
are to be denved

The difficulty asscciated with not only measuring producers intentions but alse the
conceivable dispanty between intentions and actual performances has led analysts to
dwell mare an cultivated area rather than actual production as an appropriate index of
dependent vanable with which peasants’ responsiveness could be modelled and
estmated  This s underpinned by the fact that there 15 a very low degres to which
peasants could exercise control over certain vanables affecting production. Since
producers’ decision behaviour could be approximated by the amount of effort they are
willing 1o put into-(or withdraw from) the production process. size of area worked could
be a better proxy to producers’ intentions rather than actual output whose volume
could beinfluenced by factors which lie beyond peasant's control, In other words, the
bype and amaount of crop that the peasant intends te produce may better be estimated
by the area allocated (and worked) o such a crop rather than the actual harvest This
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i& because the area actually cultivated with a particular crop Is, to a much greater
degree than actual output, under farmers’ control and thus presumably a much better
index of expected output in response to ecenomic incentives such as prices. This is
further supported by the evidence that cultvated area and expected output are
strangly correlated on the one hand, and actual output is usually subject to the
changes due to factors that are uncontrollable to farmers on the other hand (Behrman
1968; Nowshirvani 1882: Singh and Rao 1873)

The relationship between output and cultivated area of a gwen crop might ke
discerned by looking at the relationship between their respective elasticities. By
gefinition, output of crop ¢ at time £ {Q,) 15 a product of its cultivated area (A,) and yield
per unit area (Y]

Q= 2A,Y, (1]

The impact of changes in a certain variable, say pnce (F) on output can be percelviad
from three possible points of views: it might induce changes m A, arin ¥ ar in both A
and ¥ Under ideal circumstances, i &, if desired output [{G°) would not differ frem
actual output (i &, @° =Q, therefore no partial adjustment), and if data were permitting.
the impact of price changes on output could be directly measured by taking O as a
dependent vanable In actual practice, however, divergences between expected and
actual output are of a higher order of magnitude. and reliable data are offen wanting (it
= much easier to accurately measure area than output). If that is the case. then other
nossibilities ought to be sought to capture the different routes through which the
stimulus could get into the system and bring about the perceived behavioural
rasnonse, if-any In the context of poor countries, where technological stagnation
characterises peasant production, yield is supposed to mostly remain nsensitive 1o
price Incentives Expressing A and Y as functions of P, Le. A =g(F) and ¥ = h{F) it
can be shown that price elasticity of output, 540 1S the sum of the price elasticity of
~ultivated area I, and price elasticity of yield I, Given equation [1], a complets
differentiation of & with respect to F gives:

[fll;_f _y e 4 E“‘"

R TR

Multiplying both sides of the equation by (F/Q), and substituting {Ax¥) for Q on the
right hand side of the resulting equation. we get
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VWhich is nothing bub:
Sam = San T (2]

It can be assumed that 2, Is insignificant for cases where yieid per unit area has been
relatively independent of price changes and that producers exercise high cegree of
control over cultivated area so that actual cultivated area equals desired cultivaled
area, A% (1La.. A=A"), then ., would become eguivalent to 2. That is the noticeable
way in which output could respond to changes in prices would be through changes in
cultivated area (i e, if 6., =0, then &, = L) I Sy were not significantly different from
zero, then &, would better aporoximate 2., Therefore elasticities calculated from
models in which cultivated area |s the dependent variable probably better apgroximate
the desired elasticities of planned output for agriculture, celers parthis than actual
outplt,

Nevertheless, it is important to note that the use of cultivated area as a dependeant
variable has certain limitations. Some of these would include that, first land is but ong
of the many factors of production required for production to take place [Due to the
npossibility of factor substitutability, a decision to allocate a certain area of land to the
production of a specific crop may result in @ wide range of planned outputs' A
possible way-out would be to employ an index of ail inputs 1o e deviled to the crop.
But, contrary to land which is committed to a specific crap, mogl of the mputs
utilisation can be altered throughout the production cycle in response to fastors. which
lie'beyond peasants’ contral.

Secondly, land itself is often far from & homogenous factor of production. If land 1s
sufficiently heterogeneous in qualty and if other inputs gonstrain production, @
situation is concewable In which a farmer might decide to increase the planned outpul
of a specific crop by devating Iess, but better land to that crop.

The third problem is associated with absolute and relative scarcity of cultivable land
That is, the supply of cultivated area is not indefinitely elastic This is particularly
impertant where the size of cultivated land per household is very small on the one
hand, and where food crops predominate it on the other. In other words, whether or
not there exists an excess capacity with which to sufficiently expand area under a
crop or group of crops in response to changes In relative prices 1S too iImportant an
aspect to ignore. Scarcity of land constrains peasants fram increasing cultivated area
when prices are increased. Alternative possibiities would include land reallacation and
redistributing affort in favour of the crop whose refative profitability has increased. or
raising yield per unit area through technolegical improvement, or expanding cultivated
area through entering land markets; or some combinations of these However, mos! of
these (with the exception probably of reallocation) would significantly depend not enly
on the existence and functioning of rural factor markets, but also on capacities of
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peasant households to muster encugh resources which would enable them to lay
ctaim on those factors;

2.2, The Supply Response Model

A number of alternative approaches to estimation of elasticities of supply response
are available both at the structural and reduced form levels (see Sadoulet and de
Janvry 1885:84-86). The former concerns estimation of the structure of production
functions and derivation of the supply response from It with the help of such analytical
tools as production function estimation, lingar pregramming, profit function approeach
and compiete structural models. The latter, on the other hand, involves a dicect
estimation of supply response of which the ad hoc spectfications of supply response
meluding partial adjustment and expectations formation is an integral component. This
paper adopls the |atter approach in which the relationship between output supply as a
dependent vanable and prees and a number of shifters as a set of explanatory
vanables could be directly modelled using tme senes data. This is partly because the
micrceconomelnc appreach 1$ relatively more data demanding which s not available
as well as more stringent on assumptions of the behaviour of markets (&g, wage
lzbour 1= assumed rather than family labour) In addition, the latter approach permits
some comparative evaluation with actual empirical estimates reported elsewhere
However, this is nat to claim that the Iatter approach is without problems. Some of its
drawbacks would come precisely from its comparative minimal thecreti®al and data
demands

Following Nerlovian (1958, 1979) traditions. with specific functional forms to be
cetarmined based on 4 prior theoretical considerations and particular circumstances
the general supply respense model can be presented as:

O = ¥ P Yo 6 [3]

Where, Q" 15 desired level of output, P is a vector of expected fevel of prices. and X
represents the set of non-price factors, « s are parameters with . being the ang-Tun
coefficient (slasticity), and » accoumts for uncbserved random factors with zero
expected value The Nerlowian models are constructed to handle two dynamic
precesses adaptive expectations and partial adjustments,

2-0..= G10° -0, O =t (4]
Where 4is the partial adjusiment coeffiment and v.1s a random term Specification of a

model that explains how price expectations® are formed based on differences between
actual and past prices assumes
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PE-P5 =1 Pus- PR+ Wy, D=y =1 or
PF= 1P+ (1-7) PE. + W, [5]

Where »is adaptive expectations coefficient and w, is a random term. However, if we
assume that peasants make their planting decisions based on their knowledge about
prices that prevailed immediately the preceding period (i.e., inelastic expectations)
then,

PE= P4 (6]

Then substituting equations [3] and [6] into [4] would eliminate the unobservable
variable (Q°, ) to yield a structure that describes dynamically a supply response model
for which parameter estimates can be obtained using either maximum likelihood
procedure or least squares technigue on an equation of the reduced form (Askar and
Cummings 1976:32-33; Sadoulet and de Janvry 1895.87) such that:

Q-Q., = By + 0Py + ZogXy & Q4 )tv,,  0=5 <=1
= fr, + By Py + Rl - 60+ bg + W,

Q, = By + BP+ B X, + BaQlhs + 1y (7]
where, B=a,6, ;=00 B.= o.d) B.=1-6 and w=5g+v,
Hence, a. =08 w=005 & =1-p, etc.

Short-run and long-run elasticities could then be derived from these relations as
follows. In the linear form of the equation, short-run and long-run price elasticities are
given respectively by g2x(P/Q) and (f/d=(P/Q) where P and Q are mean values of
prices and output respectively, In the log-linear form of the equation, 4 and (/49
would directly measure short-run and long-run price elasticities respectively (see.
Askari & Cummings 1976, Behrman 1968, Sharma 1992 Sadoulet and de Janvry
1895)

3. SUPPLY RESPONSE ESTIMATION FOR
CEREAL PRODUCTION IN ETHIOPIA

3.1. The Data
Area cultivated under cereals and yield of cereals per unit of area cultivated were

found from reports of Central Statistical Authority and that of the National Bank of
Ethiopia. The latter contains corrected versions of output data for the discrepancies of
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measurement between the periods of pre-1979 and after, Cereal price index was
obtained from CSA reports and used to estimate aggregate cereals price after
defiating it by the non-food general consumer price index. This is the only available
price information that couid be useable. However, Addis Ababa's grain market price is
consequential to price determination in the regions (see, EHRS 1986). Fertiliser
quantity and price is obtained from reports of the Agricultural Inputs Supply
Corporation. Fisher's ideal quantity and price indexes were computed as proxies to
the ‘true index since the latter lies somewhere in between the Laspeyres (which
overestimates the increase and understates the decregse in the true index) and
Paasche Indexes (which does the opposite}. Nominal fertiliser prices are deflated by
the general consumer price index to derive weighted fertiliser price index. Rainfall
data were assembled by averaging the annual levels for 18 stations that could be
available,

For individual crops, average producer prices were obtained from CSA reports and
used after adjusting them by the non-food components of the national rural consumer
price Index (191/82=100}, Nominal official exchange rate i1s multiplied by the ratio of
US wholesale price index to Ethiopia's GDP deflater to derive real exchange rate *

3.2. The Response Variable: Trends of Cultivated Area, Yield and Production

It is Important to inguire whether or not the relationship between produ®ion and area
cultivated could satisfy the foregoing discussion; that is. how could the problem of
choice of dependent variable be resolved in the Ethiopian context? In order to identify
the contributions of area and yield to changes in output, a distinction has to be made
between area slasticity of output and yield elasticity of output, which are guite different
from price elasticities, For instance, in cases where inelastic supply of land prevails,
variation in output would resuit mainly from changes in yield; and it does not require a
price elastic yield response for this to come about. Yield may vary due to changes in
technology, weather. and other factors even though it is price inelastic. In fact, this
has been the case in the Ethiopian condition where, notwithstanding fluctuations In
cultivated area, the major source of fluctuation in cereals preduction has been yield
rather than area. Between the years 1973 to 1885, cereals production, cultivated area
and yield have on average grown at rates of 3.33%, 0.82%, and 2.55% per annum
respectively (Table 1). Such an association can also be seen from Figure 1

Takla 1. Average per Annum Srowth Rates of Araa. Yield and Cutput of Cereals

—— |:'|9?3-'55:| TToemn E e T T e
Cereals Tefi Wheat Barley | Maize Sorghum | TnEl‘ _ |

[Area 082 1.6 1,39 086 | 314 343 | 124

| yeeld 256 2.26 3.32 Rbz | 518 | B34 | 274

[ Dutput 333 373 263 128 | 7o | 1044 | 362 |

T
Nincludes cereals, putses.and cilseeds Source: C5& various reports
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Figure 1a. Growth Rates of Cultivated Area, Output and Yield of Cereals
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Figure 1c. Growth Rates of Output and Yield of Cereals (1974/75-1995/98)
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While fluctuation of output Is more salient, that of area was not that expressive
[Figuras 1a & 1b). In contrast, not only does yield fluctuate notably but also its pattern
tends to correspond fairly to that of output (Figures 1a and 1c). Indeed, thg correlation
oetween output and yield is stronger (0.65) than that between output and area (0.55)
The respective cantribution of yield and area growth rates to that of cutput is shown in
Figure (1d},

Figure 1d. Contribution of Area and Yield Growth Rates to Output Growth Rate
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As could be seen from Figure (1d) with the exception of two years (1978/79 whe:
cultivated area significantly declined and 1935/86 when it expanded) the contributiol
of yield growth to output growth has been by far more conspicuous than area growth
Hence, the scenario at hand would seem to be one of a relatively less fiexible supply
of cultivated area of land coupled with marked yield fluctuation determining lavel o
peoduction. Therefore, in such circumstances. it will be useful not aniy to model the
area response behavieur but alsc inquire into the scurces of cbserved vyield
fluctuations. To do so would be advantageous because it enables one to disentangie
the area response behaviour (which is mainly a functien of expectations) fram the
yield response behaviour (which Is mainly a function of interactions and interplay of
uncontreliable factors which would reduce yield, and peasants' efforts and capacities
(ar the lack of them) in counteracting them).

Yield response is usually perceived to be a function of technological change (trenc
variabie} or an index of natural conditions (such as rainfall) or risk vanables (Behrman
1868, Burion 1992:35) or sometimes treated as an exogenous variable in the
equations o estimate the area response (Rajagopalan 1967. Parikh 1971, quoted in
Weichang 1895:128) This is because of the assumption that yield response is too
viinerable to changes in weather conditions' and technological improvement. and is
oo weak to be identified econometrically (Weichang, ibid.)

The Ethiopian experience would reveal that marked yield fluctuatio® have strongly
been associated with changes in weather conditions. Total amaount of s&asonal rainfall
together with its length is the main yield determinant Ethiopia's climate is
predominantly  bi-modal, with seasonality and wvanation i ranfall rather than
ternperature being the limiting factors, and about 85-95% of the food crop production
in the country depends on precipitation that occurs during the main season. Late
arrival of raing or its stoppage shortly befare plant matunity would resalt in substantial
crop failure. The distribution of rainfall during the season is also important since crops
need different amount of water during different stages of ther growth cycle. An
impoartant characteristic of Ethiopia’s rainfall is that it exhiits high vanabiity in time
and space. Annual ramnfall averages range from between 500 and 1500 mm Although
poth shortages as well as excess ranfall are egually detrimental to cereals production,
the Ethicpian expenence reveals that it is the shorage rather than the excess which
had adverse impacts. Weather data show rather conclusively that the lower the
annual total rainfall, the greater the degree of variability

Several severe drought years have been recorded in recent years (1973-1975. 1883-
86. and 1993-94) in which one could natice a sharp fall in yield and output of cereals.
Assigning a dummy (1 for these years, and 0 otherwise} and regressing yield of
cereals on this binary variable would show that the impact of weather on yield has
been significant On the other hand, yield was found to be uncorrelated with prices
(with insignificant coefficients andfor with wrang signs). A notable vulnerability of yisid

11
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to changes in weather would imply that aggregate output would also be quite
vulnerable to such changes. Therefore, much of the source of yield, hence output,
fluctuation could clearly be explained by changes in weather conditions, This would
leave us with cultivated area as a proxy with which to estimate peasant supply
response to prices,

1.2, Explanatory Variables

e first set of explanatory vanables to be considered in supply respense analysis is
the price level Depending on the type of price-elasticity to be estimated, the price
varlable could enter in different ways, either in groups or separately, into supply
response models These Include (a) own-price effect, (b) cross-price effect, and (c)
relative price effect. etc Each of these would involve dissimilar interpretation. For
exampie. own-price elasticity measures the responsiveness of cutput to changes in its
own price; cross-prnice elasticity estimates the responsiveness of a given output, say
# o changes in the prices of a competing output, say Y, and relative price elasticity
measures the responsiveness of output to changes in refative prices of the output vis-
a-vis that of the Inputs used. Therefore, rational behavieur on the part of producer
presupposes that the coeffictent of own-price and that of relative orices (if favourable)
in the supply model would assume a positive sign, while that of the cross-price a
negative (It substitute). The presumption |5 thal peasants positively respond to own-
price ant favourable relative grice changes, and inversely 10 cross-price ﬂf sUbstitute)
changes

ne secand group which arg classifisd as non-price factors might incluge a wide array
of cuplenatory varlables such as technology, rural labour force. excess capacty in
terms of availability .of resources (e.g. land), infrastructural development. pervious
wvel of oroduction, policy ehanges. index of avallability of non-agricultural consumer
goods 0 orural areas. etc. This reguires that data be available on each of these
vanables. In reality however, only a fraction of these information would be available
rendenng the use of their proxies inevitable

It this paper the following effects are considered as important explanatory variables
for zrea response (a) own-price effects, (b) cross-price effects, (¢) factor {input)
availability and costs effects, and (d} yield expectations,

Dwn-Frice Effects

Al an aggregate level, cereals’ own-price is estimated by taking the retail cereal price
index and deflating it by the non-food consumer price index to arrve at an estimate of
real cereal price index, For mdividual cereals. the availability of average producer
prices for major cereals and national rural consumer price index covering the years
1981/82-1994/95 permitted the derivation of real producer prices through defiating the

12
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former by the non-food rural consumer price index, It is expected that the coefficient of
this variable would take a positive sign.

Cross-Price Effects

For cereals as a whole, the nearest competitive crops in production are cash crops
such as coffee, t'chat, oilseeds and/or pulses, [t 15 also known that these (perhaps
with the exception of pulses) constitute the maior export crops: The other competitive
iterns would include food imports. It is expected that the movement of real exchange
rate would capture the substitution effects both in production and consumption
(between traded and non-traded geods such as cash crops and food crops or
between food imports and domestic production). Since the impact of changes in real
exchange ~1i2 would be a mixed one for exportable cash crops and food imports. i
will Be difficult to make an apriort assumplion about the sign that its ceefficient would
assume, For example. it might assume a negative sign 2s the real exchange rate
appreciates leading to an improvement in the competitiveness of export crops (making
exports cheaper abroad), but the same movement would make food imperts mare
expensive domestically, hence imiproving the competiliveness of domestic food
aroduction vis-a-vis foed imports. The net effect could be determined by the relztive
changes In the competitiveness of food vis-a3-vis cash crop production and the
flexibility with which substitution could be made possible s

Factor {inputs) Avallabifity and Costs

Zince eary 1970s. tha irgsl important purchased inpul ysso by peasants has been
chemical fertilisers Tha vouwme of feriliser impait as well as ts use by peasanis has
been steadily increasirg over the period despile the fact that even at present the rate
of application remains to be one of the lawesl by many standards. Most of the
avallable fertiliser is alse used (or cereal production. Improved varieties of wheat teff
maize, and sorghum have alsc been ntroduced snce long time ago. but still their
application has been restricted to certaln limiled areas and iz reasants within these
Areas

The volume Index of chemical fertilisers (DAP and Urea) distnbuted to peasants is
considered as @ proxy to the availabiltv of purchased inputs: In order {5 combine its
profitability impact, the fertiliser volurne indax 1s multiplied by its price index and then
divided by the value of output (price indox times volume of ocutput). Two alternative
ways of measuring the guantity and onee indexes of fertiliser were evaluated: (a)
taking the simple sum of DAP and Urea for volume index and weighted price of
fertiliser as derived from the respective guantity shares and prices of DAP and Urea
for price index; and (b) constructing a quantity and price index in such a way that
changes in both variables are taken into accounl However, na significant difference
was observed between parameter estimates obtainad by using either {a@) or (b} to
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measure the vanables, therefore, oplion (a) was considered in the estimation
equation. It 15 expected that as the availability of fertiliser per unit cost improves,
peasants would expand the area under cereals (as opposed to other crops, eg.,
pulses. which do require less chemical fertilisation),

Yield Expectations

It is hypothesised that one of the factors that would influence peasants’ decisions with
respect to the amount of area they intend to cultivate is the yield level that they expect
from planting the crop in question. Several ways of estimating yield expectations are
available®. Two alternative ways of capturing the potential effects of expecied yield
(y°) are evaluated here: (I} expected yield estimated as a function of rainfall deviation
and time trend such that:

yo=dy+dy g+ dt+dtt+ U (8]

where £ measures the difference between annual rainfall in time  and the average
rainfall over the period, and (i) taking the previous yield level as a proxy to
assuming that peasants decisions as to the size of area they intend to allocate to a
particular crop (or groups of crops) depends on the previous yield levels achieved. It
I5 expected that the coefficient of this variable would turn positive such®hat cultivated
area vanes directly wath expected yield

3.3. Estimates of Aggregate Cereals Area Response

Several variants of specifications of the basic model were tried after which the
following log-linear dynamic area response equation gave better results.

logh, = i, + [LlogOP,,+ [i5logRER, + [LIogFERT. + f.logY® + BlogA, .+ [9]

where OF, RER, FERT and Y* are respectively own-price, real exchange rate,
fertiiser quantity and expected yield. The results of the regression are reported in
Table {2)

The regression results show that the coefficients of all the explanatory variables in the
model with the exception of expected yield® were highly significant and have positive
signs. That 1s, cultivated area of cereals varies directly with output price, real
exchange rate, fertiliser availability per unit of cost, and past level of cultivated area.
As these variables increase, cultivated area tends to increase, and conversely, as the
varables decline, cereals cultivated area tends to fall This makes economic sense
because producers tend to expand area as cereals price rise and vice versa, The
impact of the real exchange rate is that producers tend to expand cultivated area of
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cereals as it appreciates (improving its competitiveness) and vice versa which is
understandatle in view of the fact that the country is a net imparter of food. It seems
that the competitiveness between domestic food production wis-a-vis food imports was
more important than that between food and cash crop preduction. Similarly, the
availability of fertiliser input per unit of cost tends to raise cultivated area under
cereals.

Table 2. Regression Results of Aggregate Cereals Area Equation (1974/T75-1995/98)

|"u"a riable Coefficient t-Statistic
IConstam 19142 1,1096
\iogror ) D381 26813
log(RER) 0. 30557 29025
I EERT] 00675 273256
logi ™) 02118 0 5580
logiA, ) 05346 31024
R-squared Q74
Adjusted R-squared 066
F-statishic 43017
ProbiF-statistic) 0.0003
Durbin's h-statistic -1 ggt %

*significant al less than 0.05 probability level
iNg seral autocorrelation 3 D05 probabiiity level

Based on these estimates, short-run and long-run price elasticities of area response
for aggregate cereals would be 032 and 068 respectively’ This implies that a 10%
increase in cereal prices would lead to a 3.2% and 6.8% expansion of cultivated area
af cereals in the short-run and long-run respectvely. Supply elastcity due 1o
mavements in real exchange rate is somewhat comparable to own-price effect (0.31
in the short-run and 0.68 in the long-run). On the other hand, the impact of fertiliser
avallabiiity per unit of cost is guite weak {C 07 and 0.15 respectively). In general, at.an
aggregate level, it could be shown that the supply responsiveness of cereals
cultivated area has been fairly inelastic.

However working with such an aggregate data, as total cereals which encompass a
number of crops each with its specific characteristics, has its own inherent problems.
This is because the price responsiveness of one cereal might behave differently from
another. as for example an elastic response of one crop running parallel to an
inelastic response of another. in which case averaging would only became unusable.
Secondly. ‘carsal price index’ as a proxy would measure the price of each crop
weighted by their respective guantities where the assumption is that such a proxy
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might reflect the movement of the average price for all cereals. In practice, the signal
that this figure might throw would be different for each crop. For this reason,
disaggregation of supply response into each cereal crop is imperative to which we
now turn

3.4. Estimates of Individual Crops Area Responses

As we move from madelling supply response of aggregate cereals to that of individual
cereals. certain adjustments would become inevitable. This is because there are
some advantages that are associated with working with disaggregated data. First, it is
more meaningful to talk about the price of an indwidual crop {say wheat) than a
composite price index of a group of cereals. Nominal producer prices of each crop are
deflated by the non-food rural consumer price index to estimate the real producer
prices making it possible for real producer prices of each crop to enter into the maodel
Secondly, it is also easier to introduce the cross price effects of potential substitutes
since differences in relative price movements have impacts on peasant preduction,
consumption and exchange decisions.

Oin the other hand, there are some shoricomings to be dealt with. First, data on
individual crops is harder to obiain and derive than for aggregate cereals. For
example, price data (producer prices, rural consumer price index) is available only
after 1981/82, information on actual fertiliser distribution and rate of%epplication by
crops is unavailable, data on the amount of precipitation and its distribution for each
crop |s hard to come by, etc. This problem of data unavailability would diminish the
number of years to be considered from 22 to only 14 (Le., from 1981/82 to 1894/85
cnly) with the effect that regression estimates would be less conclusive” However
from the aggregate cereals response eguations one could get an Impression that
expected yield was not a significant variable. For individual cereals, like in the
aggregate response equation, previous yield |evels as proxies to expected yield are
found to be negatively but weakly correlated with respective areas (-0.08, -0.14, -0.16,
-0.32 and -0 43 respectively for maize, sorghum, teff, wheat and barley) suggesting
that it could perhaps be dropped from the estimation egquations. Similarly, since the
guantity of fertiliser actually applied to each crop cannot be known the omissian of the
aggregate volume of fertiliser from the estimation equations would not affect the result
significantly. Besides, aggregate cereals area was found to be guite melastic to
fertiliser availability per unit cost.

Two Indicatars are provided below in order to determine whether or not inter-crop
competition for land, therefore inter-crop cross-price effects are important, The first is
the alititudinal range within which different crops are cultivated in Ethicpia (Table 3),
while the second has to do with correlation matrix among the cultivated areas of
different crops (Table 4,
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For example. in the altitudinal range below 1300 meters maize and sorghum are the
only crops grown Similarly in the range of above 2500 meters only bariey s to be
grown, Between 1700 and 2300 meters, barley, teff, and wheat are the important
crops. It could also be seen that all crops tend to overlap at around 1700-2200 meters
above sea level From such a rough distributional sketch one would be tempted to
think that barley seems to compete with wheat and teff, maize with sorghum, teff and
wheat; sorghum with maize and teff, teff with all crops; and wheat with teff, maize and
barley However a comelation matrix would suggest that such a competiticn among
the different crops within the respective alititudinal ranges has been an exception
rather than the rule.

Table 3. Alltitudinal Range of Some Cereals
Altitude in Meters Above Sea-level

Crops 50O 1000 1600 2004 2600 000 3500 4000
|
Barley |
Maize
Sarghum
Taff — —— — "
| wheat , |

Source: Westphal, 1875, pp. B4

Tahle 4. Correlation Matrix of Area Cultivated of Individual Cereals
(1981/82-1995/96)

| Teff | Barley Wheat Maize | Sorghum
Teff 1000 |
Barley -0.028 1.000
Wheat 0.700 0.472 1.000
Maize 0511 oaaz | D42 1.000
Sorghum 0.631 0472 | 068 0473 1.000

As could be seen from Table (4) all the correlation coefficients but one (barley with
teff) were positive implying that movement of area cultivated for all crops tends to
move in the same direction. This can be further corroborated with evidences from the
correlation matrix between cultivated area and lagged cross-price ievels. Considering
those cross-prices with negative signs, correlations were found to be (a) -0.01 for
sorghum area and maize price; (b) -0.01, -0.05, -0.12 between teff area and prices of
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wheat, sorghum and maize respectively, and (c) -0.03, -0.10, and -0.30 between
maize area and prices of wheat, barley, and sorghum respectively. On the other hand,
wheat area was positively but weakly correiated with prices of all cereals. These
would indicate that the correlations are too weak to be reckoned with thus making
Inter-crop cross-price effects less important in supply response estimates.

Thersfore, only three variables are considered. namely own-rice, real exchange rale,
and lagged cultivated area (this might help minimise errors of estimation; 1e., due to
small number of years included In the time series). Area cultivated s expected to vary
directly with own-pricg changes. The inclusion of real exchange rate in the estimation
=quation s Intended to evaluate the relative competitiveness of each cereal vis-g-vis
the observed pattern in the aggregate response. The equation is estimated thus!

logh. = £, + B.logOP,.+ PalogRER, + fulogh, ,+ e, (10]

The regression results are reported in Table 5 in which it could be shown that (a) own-
prices have the expected signs in their coefficients in all equations. but anly in two
cases (wheat and teff) were they significant; (b) the coefficient of real exchange rate is
also positive in all eguations and significant in all but one (barley). (g) in ikewise,
previous level of cultivated area has positive coefficients in all equations and is
significant except in teff equation

%
Table 5. Regression Results far Individual Cereals Area Response Equations
[ Regressars Barley Maize Sorghum Teft Wheat |
Conatant 149758 Z13Z 1.718 1918 Z:h44* {
[ (0 997} (1.359) (1472 (0.802) (1.821)
eaioP, ) D157 R 0,108 D.Zag 0227
[ (0. 717) i 980 (0, 744) {1.814) {2.503)
(TogiRER G207 0 480" 0.623" 0 286 0358 -
|| (0.992) (7 TE3) {4.171) {2.006) (3 008
(oA 5585 7.555° 0571 n&74 0436
12.381) (2742} (2201 {1 651) |,2_EI141'
R 041 D58 E=1 .7 D75
Adjusied 7 023 047 | 073 .63 .68
F-statstic | Z2.259 4 864 12:904 8.319 9 599
Preh (Fsta | 10,1390 00245 0 0008 00045 0.0024
Durmins n- 0527 0Em T 261 rot defined® 0547
statistic |

Mumbers 1n parenthesis show tvalues.

*Significant at less than 0.05 probability level, “*significant at fess than 010 probability fevel

Mo serial autocorrelztion at 0.05 probability laval,

“lhurbin's h-slatistic could not be calcutated due 1o negatve square rocts, However, Breusch-
Godfrey Senal Corralation LM (Lagrange multiplier) test shows 1he absence of seral autocarrelation
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Table . Short-run and Long-run Efasticity Estimates for individual Coreats

3wl I Harley Maize o Tei | Wineat
rennect o shart lang- anen Icg- shiart- lgmg- shis- lang- shin nra-run
LFLr Fun =T umn T T rur in [ 5]
| Own.Price | D18 &8 | D16 | 938 iR GEa | 024 nss | 023 74
RER [n B o5 0as 1.03 g 87 182 028 GET Q38 .64
| |
b maty 0444 G428 0428 cER

Omn the basis of these results both short-run and long-run elasticity estimates are
summarised 0 Table (8) from which the following observations could be made: (I}
Notwithstanding the non-significance of the cwn-price coefficients of barley, maize
and sorghum. it could be generalised that both short-run and long-run price responses
are fairly inglastic Even for the ‘superior Crops {teff and wheat} where price
cosfficients have been significant. price elasticities seem to be scmawhat befter but
<till low in absolute terms A 10 percent increase in the price of teff and wheat would
respectively l=ad to an expansion of cropped area by 2.4 and 2.3 percent in the short-
run and by 55 and 4.0 percent in the ieng-run. (i} Individual cwn-price elasticity
estimates seem 1o ne somewhat lower than aggregate cereals etastizities Howeaver
sufficient care should be exercised |n comparing these estmates due to discrepancies
of the price data used between aggregate cereals and individual crops: and i}
Responses with respect to the movement of real exchange rate are not only larger
than owr-prce respenses for all crops but also elastic for maize ang sorghuntin the
leng-run perhaps suggesting that food-aid has been competing more with crops which
mainhy make up the poers’ consumption bundle than the 'supernar crops.

1.5. Result Comparison with Estimaces from Other Similar Studies

Band (1G83) estimated output elasticities” for various crops in several countries of
sub-Saharan Africa, and reported that price elasticities range from 0.1 to (.50 the
=hor-run and from 06 to 1 8 in the lang-run. and thal aggregate supply glasucity In
sayvan of the nine countries examined was not statistically significant Comparable
figures for the same set of crops in other LOCs would include; in India for the period
1951-64 shor-run slastcities of foad grams varied from -0.08 to 0.42 while for wheat
(1950-67) it was 0 10 and ¢ 13 respectively in the short-run and long-run. Short-run
and long-run elasticities for wheat n Kenya [1950-88) and Egypt (1953-72) were
respectively 031 and 0.85 and, 0,91 and 0.44 Elasticities for barley in India (1860-68)
ranged between 0.11 to 013 in the shart-run and from 0.14 and 016 in the Icng-run
Shorterun and long-run glasticities far maize in Kenya (1950-69), Egypt (1853-72). and
Sudan (1951-65) were respectively 0.95 and 243, 0.04 and O 049 and 102 and 1 08
Similar estimates for sorghum for India {1947-85) ranged between 0.02 to 0.20 in the
short-run, while for Sudan {1951-65) it was estimated fo te 0.31 (short-run) and 0.59
(long-run) (see Scandizzo and Bruce 1980, quoted in Sagoulet and de Janvry
1985:97)
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& Iimited number of studies were conducted to study the supply response of Ethiopia's
agriculture The study by the World Bank in the mid-1980s reported that aggregate
shor-run and long-run eiasticity for Ethiopia's agriculture were 0.24 and 0.558
respectivaly The same study estimated, using Merlavian dynamic model, responses
t-r careals as well as for some individual crops such as teff and barley The short- and
lang-run elasticity estimates respectively were 0.147 and . 264 for cereals, 0.027 and
0 080 for teff and 0.219 and 0. 318 for parley. Compared fo ine present study, these
sstimates are lower for aggregate cereals as well as for teff and higher for barley toth
n the short- and long-run Given certain drawbacks " in the World Bank's study with
respect ta the number of years covered [only [ess than six years). the price data used,
and the modelling approach employed {modelling output directly). such a diwvergence
n estimates is to be expected Fernando (1882 guoted In Zenhun 1995), used
quarterly data an crops like teff, maize, sorghum, barley, and wheat, and regressed
cutput only on producer prices and reported that Ethiopian peasants responded
positively fo price  incentives. Zerthun (1995) studied, using Nerlovian partial
adjustment model. the supply response of total agniculture as well as individual crops
for 12 years covering 1981/2 to 1952/3 In addition to producer price, dummies for
weather and policy change, time trend and |lagged praduction level have entered into
supply equation. Output index was directly taken as dependent variable However,
non-significance of the price coefficients shunned fram undertaking elasticity
somputations, It was reporied that, in-a nutshell, parameter estimates like weather
and previous period production level have the expected signs, and expigin about 33
percent of the vaniation in agncultural production.

The presant approach differs from  the above studies 0 several ways
Meihodologically, output response is disaggregated nto is constituent elements. That
s area respanse (which is mainly a function of expectations) was separated from yield
response (which is largely a funchion of uncontrollable variables) whereby the former
could be the basis upon which peasant responses to prices are to be estimated.
Second, cross-price effects as well as input availability per unit of ¢cost have been
ricluded in the set of explanatory variables. Third, the time. covered for aggregate
cereals 15 by far longer than the above studies

4. CONCLUSION

This paper set cut to estimate the supply responsivensss of peasant agnculiure,
particuiarly cereals production, to price levals A time seres data on area cultivated,
yieid per hectare as well as pnce levels and other relevant varnables are used
Cultvated area was taken as a response variable while effects of own-price, cross-
nrice, factor (input) avalability and costs, and yield expectations are considered as
explanatory vanables, Supply responses are estimated at aggregate cereals level as
well as for indvidual cereals A log-linear dynamic respense equation is specified in
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which ad hoc specificalions of supply response including partial adjustment and
expectations formation are integrated

Results suggest that, notwithstanding some lirmitations with respect to the guality of
fatz used both shert-run and leng-run peasant supply Tesponses were inelastc 10
srices. THis s also true when cereals are considered in their aggregates of treated
ndiyidually. however companson between aggregate and indwidual responses should
be made with the necessary precaution since there are differences in the number of
vears considered as well as in the type of prices used to measure them
Gesponsivenass vares with crop types but not that impartant. Even where elasticily
~oeficients were significant {e.g., teff and wheat) it is low in absolute terms. On the
ather hand relatively larger responses were observed with respect o the movement
of -eal exchange rate These responses are also slastic for maize and sorghum in the
inng-run, pernaps suggesting that food imperts have besn compeling more with
domestic cereal production, particularly those making up of the poors’ consumption
paskat

Such a result would perhaps hint that the primary motive pehind peasant production of
fnord crops might transcend into extra-market considerations which include food
secunty . risk aversion, patterns of accessing and use of resources, eic, which would
fairly be understood by a careful investigation of several aspects Including the
kistarical evolution and the charactenstics of the whoie farming and agrarian systems
i which linking it with historical entitement issues s a crucial step. PRasants might be
witling bul unabile to increase supply, and questions as to why would peasanls arg
willing to produce more of a particular crop, and how would they be able to do so
should be the leading Issuesin addressing problems of food supply

Estimation of peasant supply responswensss ninges an certain  assumptans
regarding the way in which the characteristics and operation of markets in l&rms of
providing sufficient space for flexibility and in shaping the behaviour of producers in
making production, consumption and exchange decisions. Such assumptions arg very
strong In the light of depressed and imperfect land markets that prevail m many rural
areas |ndefimite expansion of the frontier of cultivated area through the operation of
land markets seems to be unrealisable. Reallocation might be feasible, but then one
walld be forced to stick to the assumption that peasant households intend to
specialise production and purchase other crops thal are necessary far household
consumption - an assumption that is also rather hard to justify in view of the avaiiable
evidence Even though specialisation In some Crogs could be perceived, there 15 &
maximum limit beyond which it cannot be pushed further due to the fact that
households do allocate their land for various products (cereals, pulses. cilseeds,
vegetables, pasture, etc.). The validity of this assumption much depends on how far it
comes to terms with household's overriding obiective functions. Numerous factors,
which are beyond the reach of control of peasants, wauld render it impossible to
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sultivate a particular crop in all plots as the lafter vary In terms of soil properties, et
Tharefore, supply response has a lot to do with not anly output prices but also with the
auantity. guality, and the way of organisation of efforts (inputs, management. £1c) 8s
well as the way uncontrollable factors influence these efforts and the cutcomes. Cften
such consideratons are considered as a black box n supply response analyses
While reiterating the inelastic nature of peasant supply response to prices. it has to be
stressed {hat the importance of the non-price faactors in determining supply behawvour
sannot be overemphasised. At the same time, that supply response has been price
nelastic does not mean that price is not an important facter at all 1t s important o
reabse that both price and non-price factors should be seen as complamentary rather
than as subshtutes in production organisation, particularly for peasant agnculiure

MNOTES

It anly ane fived coafficient actwity were avatablie for @ given oop aried f the only sffectva constraml on
araductian of thal crop was the amount of land avaiabie ther il some al the consirainis. became
affentive the amount of land devoted to that crop would bean excellant index af the planned production of
fhe ciop In the agriculure of the real world nowaevel nrumaeralble activites are avaiahie (o6
slternatively) substantisl substitution between faciors 15 possiDie (522 Behrman 1953}

P in a fairmulation that represents a learning process, farmars adjust their expectations as a fraction » of
tne magniude of the mistake they made in the previaus penon that is. of the difference betwean the
sctual price and expecied proein -1 (ses Sadoulet and de Janvry 1595 87)

Thic iz 7 oiateral real exchanoe rate Mulblateral real exchange rate (cansgenng alﬂradur.g parnnarsi
wold: ne miuch mare appropdate to use However, taking into consideratian 1he fact that the USA has
been hsloncally a majpr rade partner an the ong hand and diue by the facy that barr s pegged to tha USE
an thie othiar the resuiting biateral real excnange rate wauld not significantly daviate frorm the multilateral
ang
‘ Drought afects sp to B0% of the total cropiaea in the TO@GS Even minor dreughts can have greal
sioogt ssnecally in the humid tropics snce soils ata often rather poor and have limited water storage
sapacity In the sub-humid and semi-and roRics serous draughts ocour often ranaing from 1:2 to 15
years| (see Pasly 1850)

‘Ges far exomple Behmman (1968), Cuddihy (1980 quoted in Sadoulet & de Jarvry 1595}
" Previcus yield level did not improve 1he regression estimates any bettar ihen thatabtained fram.eguatan

"0 Forthis séason the yield variable thal entered the area response. equalion is expected yiald

The parhal adusiment costhaent. o = 0 4654
L Dine af *he most serious problems wauld be thiat these would be too sirall degrees of freedom to wark
with

Band used ouipg! per capita as dependent variable 1tis abvous (hat, uniess population 15 uncarreiated
wilk cutaut, the cosfficient obtained is based on estimale of the slasticity parametar, The fact that both
outplt and population mcreased gvertime meant that a positive corrslation Detween them fesulted In &
dewrward bias in the elastoty estimate (see. Schiff 1397

U The WE gscribad the wesknesses of its study o noreavaiiztaily of time senes data on producaronoes
tor imdividual crops) and aggregate pnce index ifor overall agriculiure). Indrdual crop elasticity esbrmates
were approximated using price Indices. attained after &ddis Ababa price ndex was dellated by Addis
Abahs cereal price mdex In the case gf averall agriculiure. producer price was proxied by Addis Abaza
tand grice index  Observation of less than six years:was used foranalysie.
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