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Duality, Choice of Functional Form and Peasant Supply Response in Ethiopia

by
Suleiman Abrar

Abstract

This study assesses the responsiveness of peasant farmers, and the extent to which
empirical estimates and their inferences are sensitive to estimation techniques using farm
level survey data from Ethiopia. While non-nested hypotheses tests provide no clear
choice among alternative functional forms, the Cobb-Douglas and the quadratic models
are preferred to the generalized Leontief and Translog on the basis of statistical
performance and consistency with theory. The results indicate that farmers respond only
modestly to price incentives. The own-price output supply elasticity is very low and
output supply is not responsive to fertilizer prices or the wage rate. Non-price factors are
far more important in affecting production and resource use than price incentives. The
results are robust to functional forms and to whether the primal or dual approach is used
to estimate elasticities. The results underscore the need to strengthen market incentives
through effective policies that will improve farmers’ access to land and credit, public
investment in roads and irrigation.
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I. INTRODUCTION

Agriculture is the single most important sector of the Ethiopian economy, accounting for
some 45 per cent of GDP, 90 per cent of total exports, and 80 per cent of employment.!
The peasant sector, which produces more than 90 per cent of crop output, is
characterised by poor and outdated farming technology, acute shortage of purchased
inputs particularly fertilizer, poor infrastructure and inefficient marketing systems.
Peasant farming is dominated by mixed farming, and is largely subsistence with
marketed surplus of only about 15-20 per cent. It is largely rain-fed with only 3 per cent
of the land being irrigated. Hence, agricultural output is extremely susceptible to
weather conditions, especially the amount and timing of rainfall. In addition, rapid
population growth has encouraged continuous cropping and shorter fallow periods,
which in turn have resulted in soil degradation for small, fragmented and progressively

declining sizes of plots.

These essentially structural problems are compounded by the presence of institutional
rigidities and policy constraints. Policies have always been biased against the peasant
sector, especially during the 1970s and 1980s due to the complex mix of administrative
control on markets and prices, ranging from compulsory delivery of output to controlling
the movement of output. These inter-linked factors have contributed to declining
productivity and stagnating yields in the peasant sector. Cereal yield, for example, has
stagnated at 1.2 tons per hectare between 1980 and 1997. While there are evidently
features specific to Ethiopia, this broad picture is applicable to many African economies,
and begs the question of what can be done to revitalise the peasant agriculture sector.
We examine one aspect of this, how responsive are peasant farmers to prices and what
input constraints appear to be binding. We do this by analysing data from a survey of
1154 farm households in 1994.

Since 1992, the government has undertaken reform measures that affect the incentive
structure and productivity of the peasant sector. The most important economy-wide
policies have been devaluation of the domestic currency and credit policies that

withdrew the privileged access of state farms and co-operatives. In addition, direct

1 Unless otherwise specified, data and trends reported here are (derived) from various statistical documents of the
Central Statistical Authority (CSA) and the Ministry of Economic Development and Co-operation (MeDAC).



(sector-specific) agricultural policies have been adopted that include, among others,
early and rapid moves towards deregulating food grains markets? and price support for
export crops. This was further strengthened by subsequent reforms in agricultural input
markets, especially fertilizer. In general, the reform measures of the 1990s mostly
focused, directly or indirectly, on ‘getting prices right’. It is therefore appropriate to try

and determine how responsive farmers are to the resulting price changes.

Fertilizer, the single most important purchased input in terms of increasing yields, has
been subjected to confused policy changes with conflicting objectives. On the one hand,
price decontrol, input market reforms (to improve supply), and the extension programme
(to encourage usage), are intended to increase yields, partly by reducing the effective
price to farmers. On the other hand, budgetary concerns motivated the removal of the
subsidy, and this increased the effective price. Such policy confusion is not unique to
Ethiopia. Farooq et a/ (2001) note the clash between ‘output expansion goals’ and
‘sustainable production’ aims in Pakistan. They find that the own-price paddy supply
elasticity is quite low, such that ‘a support price policy appears to be inadequate’,
whereas elasticities related to fertilizer were high, concluding that ‘fertilizer prices need
careful consideration’ (Farooq et al, 2001: 234). This is equally true of Ethiopia, and we

pay particular attention to results for fertilizer inputs.

This paper primarily aims at examining peasant responsiveness to price and non-price
factors in Ethiopia using farm-level survey data. A secondary objective of the study is to
assess the extent to which empirical estimates and their inferences are sensitive to choice
of functional form and to whether or not primal or dual approach is applied. To this end,
the analysis is conducted comparing three flexible functional forms, normalized
quadratic (NQ), translog (TL) and generalized Leontief (GL), as well as the simpler
Cobb-Douglas model (CD). Section 2 provides a very brief overview of the major
agricultural policy reforms in Ethiopia in the 1990s, and refers to the results of existing
studies of the effects. The theoretical framework is set out in Section 3, distinguishing
the primal (production) and dual (profit) approaches used. After a short description of
the data (details are in Appendix A), Section 4 discusses the econometric details.

Section 5 discusses the criteria for choice of functional form. In section 6, we discuss the

2 Deregulation of food grain markets actually started as early as 1989 under a previous government.



elasticities derived from the specification with strongest empirical support. The

conclusions are in Section 7, which draws out the policy implications.

II. AGRICULTURAL POLICY AND PERFORMANCE IN ETHIOPIA

With little or no room for extensification, growth of agricultural output in Ethiopia
depends on implementing effective yield-increasing measures, particularly the use of
fertilizer. Recognising this, the government has, from the outset, placed fertilizer at the
centre of its agriculture development strategy. Beginning with the National Fertilizer
Policy in 1993, the government has adopted several measures. These include gradual
liberalization and deregulation of fertilizer markets and prices, completed in 1998, and
elimination of fertilizer subsidies in 1997. Most importantly, a new system of extension

programmes was launched in 1994/95.

Following the favourable environment created by these policies, agricultural output has
increased. The official assessment of the on-going reform programme is that recovery in
agricultural production is mainly due to peasant supply response to price incentives
(although there has been little formal testing of this).? Nevertheless, how much of this
recovery is due to price incentives and how much due to non-price factors is not clear.
This is especially pertinent in view of the fact that the growth rate of agricultural output
is relatively higher in those years (for example, 1992/93 and 1994/95) of more
favourable weather conditions than for drought years such as 1993/94 (when the growth
rate was even negative). This is to be expected given the reliance on rain-fed agriculture

noted above.

As it is the major purchased input, it is important to account for fertilizer prices and
usage in estimating supply response, which the production function approach allows. As
mentioned in the introduction, fertilizer policy in the 1990s has been confused and it is
not clear what the net effects on prices and usage have been. There is some evidence that
fertilizer use increased in the late 1990s, in spite of the elimination of the subsidy, in
response to incentive measures, particularly lower retail prices and the recent extension
programme (Techane, 1999). However, there are conflicting indications that fertilizer
use has not increased. Firstly, this is reflected by the sizeable stock of unsold fertilizer

every year. For instance, only about 59 and 64 per cent of the fertilizer made available
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for sale was sold in 1996 and 1997 respectively (Mulat and Techane, 1999). Secondly,
sustainable use of fertilizer can be hampered by rising prices due to the devaluation of

the Birr, high local transport costs and the elimination of subsidies.

In spite of a decreasing trend in international prices of fertilizer, farm-gate prices have
not decreased proportionately because of continuous devaluation of the Birr and high
local transport costs (partly due to high fuel prices), especially during the rainy season.
International prices of Urea and DAP fell by 62 and 19 per cent respectively between
1996 and 1999, but retail prices of DAP increased over the same period (Techane,
1999). Prices of fertilizer in Ethiopia are relatively high compared to other developing
countries (Mulat, 1995).4 Although, at the national level, the volume of fertilizer used
has been rising in recent years, the level of application at the farm level has not grown
proportionally. The total amount of fertilizer used by peasant farmers increased by about
200 per cent during 1991-1996, whereas usage per hectare increased by only 50 per
cent.’> On the other hand, the number of farmers using fertilizer has increased from about

10 per cent in the 1980s to about 35 per cent in recent years.

Ambiguities abound about the precise role and impact of agricultural policies (Farooq et
al, 2001). Partly this is attributable to a lack of farm-level analysis of the effects of
policies (especially relating to prices) on the supply response of peasant farmers. The
few supply response studies that have been carried out for Ethiopia used aggregate time
series data, and focus on the effects of economy-wide policies on export supply
response, particularly coffee (e.g. Dercon and Lulseged 1994; Alem 1995). Dercon and
Lulseged (1994) argue that any increase in official exports resulting from devaluation of
the Birr are due to reduced smuggling, implying that there is no production response to
increased price incentives. Alem (1996) found a low and insignificant price elasticity of
export supply in response to changes in the effective exchange rate. Zerihun (1996) used
aggregate time series data to examine relationships between producer prices of food

grains and the area of cultivated land, arguing that aggregate food grain production

3 For more details on the recent reform programmes and their effects see Abrar (2000).

4 In 1993 (well before the removal of subsidies), the farm-gate price of fertilizer was US$300 per ton compared to
unsubsidized prices of $205, $226, and $257 in Pakistan, Bangladesh and India respectively.

5 Average fertilizer application range from as low as 10 to 50 Kg per hectare, considerably lower than the
recommended rate of 150 to 200 kg.



changes only slightly following price incentive measures. Yao (1996) addresses similar

concerns to this paper but uses aggregate time series data.

Micro-economic studies of supply response are few in Sub-Saharan Africa given the
lack of farm level data, but there are recent examples (e.g. Savadogo, et al, 1995;
Hattink, ef al, 1998). A common feature of these studies is that a single function form
and the hypotheses of profit maximization are often maintained without a priori
empirical testing. In Ethiopia, several micro-economic studies of resource use efficiency
have shown that the potential for efficiency and productivity gains in peasant agriculture
is immense (e.g., Abrar, 1996; Abbay and Assefa, 1996; Croppenstedt and Mulat, 1997).
Nearly all of these studies used only Cobb-Douglas production functions to estimate the
level of technical efficiency®, and only provide supply elasticities for changes in physical
inputs, ignoring the role of prices on the production and input allocation decisions of
farmers. The key non-price factors that condition farmers’ response, such as rainfall and

infrastructure, are rarely taken into account.

The estimated responsiveness of farmers to policy changes, and the policy inferences
based on this, is in general sensitive to the econometric model used, including whether
or not production or profit function approaches are used. It is desirable to use
information from both production and profit functions, and compare these with
relationships suggested by duality theory, particularly in the case of cross-section studies
using price data (Quiggin and Bui-Lan, 1984). Very little work has been done on
empirical testing of duality relationships by comparing elasticities of the production and

profit functions (but see Burgess, 1975; Flinn et al 1982).

III. MODELLING FRAMEWORK
Studies of production relationships can be carried out in either of two equivalent
approaches: Primal or Dual. Suppose that the production transformation set is
represented by:

F(y,x;2)=0 )
where y represents the vector of m outputs; x represents the vector of n variable inputs;

and z represents the vector of £ fixed inputs and other exogenous factors. In the

6 Abbay and Assefa (1996) is the only exception. They estimated Cobb-Douglas profit function to examine the
impact of education on allocative efficiency of peasant farmers in Ethiopia.



literature, the term primal has been used to refer to an optimisation problem consisting
of a behavioral assumption (e.g. maximise profit) and a set of constraints (e.g. the
production function). From a differentiable form of this specification, output supply
and/or input demand equations can in principle be derived by solving the first order
conditions (Shumway, 1995). In the dual approach, the production technology set is not
estimated directly. Instead, profit or cost or revenue functions are used to study the
production behaviour of firms. That is, with competitive behaviour and regular
technology, there is a one-to-one relationship between the technology and its dual
transformation, the profit function, and hence it is possible to recover all economically

relevant information about the technology using the latter.

Assuming that farmers choose combinations of the variable inputs and outputs that will
maximise profit, Lau (1976) has shown that the restricted profit function defined as the
excess of total value of output over the costs of variable inputs, can be expressed as:
TI=TUp, W; 2) 2)
where TU p and w, respectively, represent restricted profit, and vectors of output and
input prices. This function depicts the maximum profit the farmer could obtain given
prices, availability of fixed factors and the production technology (1). Using Hotelling’s
Lemma, the profit-maximising level of output supply and input demand functions can be

derived from (2), respectively, as:

y. (p, w; z) =0T(p, w; 2)/0p,, Or=1,...,m 3)
and

-X; (p, w; z)=0T(p, w; z)/ow, i=1,....n 4)

where 7 and 7 index the outputs and variable inputs respectively. In the case of a single
output, we can specify a normalised restricted profit function, 7%, defined as the ratio of
the restricted profit function to the price of the output. It depicts the maximised value of
normalised profits given normalised (relative) prices of the variable inputs, w; , and the
quantities of fixed factors, i.e.,

T = Tr(W*; 7) )

from which the factor demand equations are derived as:

-X; (W*; z) = 0Te*(W*; z)/ow*, [0 i=1,...,n (6)



IV. DATA AND ESTIMATION PROCEDURE

The data we use is the Ethiopian Rural Household Survey (ERHS), a nationally
representative survey of rural households conducted during 1994-2000 (we use only data
from the first wave, 1994). The survey was undertaken in 15 villages across the country
(which include the four largest regions where well over two-thirds of the population
live) from which nearly 1500 households are selected randomly.” It is believed to
represent the diversity of farming systems in the country. The considerable geographic
dispersion of the sampled villages on the one hand and large differences in accessibility
to input and output markets on the other means that there are large variations in prices
faced by different households. This is an important feature of the data as such price

variability is essential to estimate supply elasticities from cross-section data.

Two variable purchased inputs, chemical fertilizer and labour, and three fixed inputs,
land (total area under crops adjusted for quality), animal power and farm capital, are
used to estimate supply response of aggregate crop output. We have also included three
‘exogenous’ controls - land access, infrastructure, and rainfall. Details of measurement
and summary statistics on the variables used are given in Appendix A. The normalized
quadratic, translog® and generalized Leontief restricted profit functions are, respectively,
given by:

. 2 . 7 1 2 2 . 7 7 2 7 .
1 za v San 367 o SEyww S5z S S a7+
i k i k ok i h

i

DUl+€&....... @)

2 7 2 2 7 7
ot =+ Samn; S amz, | Sy <3Sz,
i k i j k h

i
2 7
> @ W tnZ, + DUL+ &..(8)
i h

2

1 =a ) Salr) +Sa) S Snlrw)* S aza) 23 abz) ]+

i k i

i

DUl+E.......(9)

where, /7 is the normalised restricted profit; W;* is the price of input i, normalised by

output price (p), subscript 1 indicates the fertilizer price and subscript 2 the wage rate. Z;

7 The final sample consists of fewer observations (1154 households) than the original as farmers with either
cultivated land less than 0.1 hectares, or zero labour or zero output or zero and negative profit are excluded.
This procedure excludes one of the villages (Harasaw) altogether as virtually all the farmers did not produce
anything in that year. Further observations are excluded through a preliminary analysis of outliers based on
the examination of residuals.



is the quantity of fixed input or other exogenous variable k (subscripts: 1 for area
cultivated, 2 for animal power, 3 for farm capital, 4 for land quality, 5 for land access, 6
for road density, and 7 for rainfall), while DUI is a dummy for farming system (1 if in a
cereal growing area, 0 otherwise). The ay, a; [w )ij Cw, and ¢; are parameters to be
estimated and & is an error term with the usual properties. Using Hotelling’s Lemma, the

corresponding input demand (share) equations are derived as:

2 7
—X, =AY W D GZ, F U Z1 2 (10)
J h
2 7
=S, =0+ Y W D @UnZ, i =1 2, (1) w
j h
2 7
-C =a, +Zyﬁ(Wj)% Y (Z) + 00 Z1 2 (12)
J h

here X denotes the quantities of variable inputs, S is the share of variable inputs in the
total profit, Ci= X; Wi*o.s , and V is the error term. For maximum efficiency, the system of
input demand equations and the profit function are estimated simultaneously using
iterative Seemingly Unrelated Regression. The parameters of the output supply equation

are recovered residually from:
2
Y=N"+> WX, (13)

where Y is the aggregate output index. In our estimation of the production function, we
used a similar structure to the normalized restricted profit function. For brevity, similar
notations are used for the parameters. The only difference is that we have variable input
quantities instead of normalized variable input prices and aggregate output index instead
of normalized restricted profit. For the NQ model, we estimated the first order
conditions for variable inputs along with the production function using iterative SUR.
For the other three models, we just estimated a single equation production function by
OLS. The quadratic functional form is self-dual if there is only one production function
and profits are maximized (Lau, 1976; Jegasothy et al, 1990). Thus, the production
function consistent with the restricted profit function is also quadratic. The quadratic

production function is expressed as:

2 7 1 2 2 7 7 2 7
Y=a, +Za,.X,. +Zk:ﬁkzk +2(ZZy,inXj +;Zh:a;hzkzhj +ZZh: @, X,Z, +DUL+ £..(14)
i 1 J !

8 Note that the Cobb-Douglas model is arrived at by setting all the interaction terms of the translog model to zero.



Following Just et al (1983) and Jegasothy et al (1990), we estimated the production
function simultaneously with the first order conditions. * Assuming that second order
conditions are satisfied for the relevant constrained profit maximization and also
assuming efficiency in production (full allocation of fixed inputs), we derive the system
of first order equations (inverse demand functions) of the variable inputs for estimation
along with the production function. 10 Rearranging these equations in linear form to

facilitate simultaneous solution for the variable input allocations, we have:
2 7

VVi* =aq, +Zyinj +Z%Zh +u,i =1,..,2. (15)
J h

Theoretically, the primal and dual results from estimation of such a system are
equivalent, although in practice they differ in stochastic specification and functional
forms. Only a few studies actually estimate the production function along with first-
order conditions (e.g., Burgess, 1975; Jegasothy et al, 1990; Savadogo et al, 1994), and
very few compare these results with estimates from the dual approach (e.g., Burgess,
1975 using translog cost function). We are not aware of any empirical study of
production relationships which compares estimates from primal and dual approaches

using quadratic functional form.

V. CHOICE OF FUNCTIONAL FORM

To determine which functional form best describes the Ethiopian data, we compared the
models based on goodness-of-fit and other diagnostic tests, formal non-nested
hypothesis tests and conformity to neo-classical assumptions. The goodness-of-fit
criteria include: adjusted R-squared, root mean squared error (root MSE), Ramsey
RESET test, Akaike information criterion (AIC) and Schwartz information criterion
(SC). Diagnostic criteria used are: Cook-Weisberg test for heteroscedasticity, a measure
of variance information factor (VIF) for multicollinearity, and Skewness/Kurtosis tests

for normality. In comparing non-nested models, traditional discrimination criteria should

9Hausman (2SLS) endogeniety test was carried out to determine the extent of simultaniety in the production
function using predicted values. 4 priori we assumed labour and fertilizer to be endogenous, and cannot be
rejected. Thus predicted values are accordingly used in these models. The instruments used include:
expenditure on other inputs, non-farm income, total number of crops intercropped, age, non-food
expenditure, real prices of fertilizer and labour, and some of the exogenous variables included in the
production function.

10The maximization problem is essentially a short-run constrained maximization, but since we are assuming that
fixed inputs are fully allocated, the lambda equations in the Lagrangian and thus the first order conditions for
the fixed inputs will become identities. If some equations do not have stochastic disturbances, they may be
treated as identity equations and not incorporated in the ultimate estimation procedure (Just ez al, 1983).
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be accompanied by appropriate hypothesis tests (Doran, 1993).!! We conducted two
regression based tests, known as J and JA, derived from the basic Cox principle, to

choose among the three flexible forms.

The profit function needs to be compatible with the theoretical requirements of
homogeneity, symmetry, monotonicity and convexity. Homogeniety is maintained in all
estimation by normalizing by the price of output, and hence cannot be tested. We first
conducted a test for symmetry globally, subject to homogeniety. The null hypothesis is
that the parameters of the input demand equations are equal to the corresponding
parameters of the profit function. For example, for the NQ profit model, the following

restrictions hold:

A (= X) S0 (T )i (16)
Vi (FX) = (T ). (17)
B (X)) = BTN )i (18)

where i,j=1,...,2 (i#); h=1,...7. This is a joint hypothesis on the validity of imposing 20
restrictions in estimating the input demand and the profit functions jointly. We also
tested symmetry individually. A Wald test is carried out for this purpose, and it is
asymptotically distributed as chi-square with the number of degrees of freedom equal to
the number of restrictions imposed by the null hypothesis. Then we checked for
monotonicity and convexity after estimation. Monotonicity requires that the fitted values
of the input demand equations are negative. We checked for monotonicity both locally
(at data mean points) and globally (counting individual observations). Convexity is
checked by looking at the signs of the estimated input demand equations and the Hessian
of the profit function. The necessary condition for convexity is that all terms on the
leading diagonal of the Hessian of normalized prices be positive, or alternatively the
own-price elasticities should have the expected signs. The sufficient condition is that

this Hessian must be positive definite.

Goodness-of-fit and other diagnostic tests:
These are the first set of criteria we used to compare the models and the results are

reported in Table 1. In general, given that we have cross-section data, all models have

11 If a model can not be expressed as a special case of another model by parameter restrictions, the models are
said to be non-nested. The three flexible forms are non-nested in this sense, while the Cobb-Douglas is nested
in the translog model.
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achieved a reasonably good explanatory power. Regarding goodness-of-fit, the NQ and
GL models have very similar values for most of the statistics for both the profit and
production functions. Surprisingly, both have exactly equal values of R-squared on the
dual side (0.71). Based on R-squared, the NQ and the GL are superior to the TL on both

the primal and dual sides.

Based on the R-squared, the TL appears to perform better than the CD, but the two
information criteria lead to conflicting results. A formal test of the CD hypothesis was
conducted using the TL model and it was barely rejected on the primal side, whereas it
cannot be rejected when it was tested using the profit function. Therefore, in light of the
substantial difference in the number of variables between the two models, the higher
value of the R-squared for TL (0.68, as opposed to 0.62 for the CD) can be considered
marginal. Hence the superiority of the TL over the CD cannot be assumed. The results

suggest that, depending on the purpose of the study, one can use the simpler CD form.

Table 1 Goodness-of-fit and Other Diagnostic Statistics’

Goodness-of-fit Criteria Other Diagnostic Criteria
Model AdjR?(F-  Sig. Par. Mean
value) 5%(1%)° MSE* Ramsey’ Akaike Schwarz  Heter.® VIF Normaliy’
Dual
0.71(52.7) 29(22) 448.6 20.8 12.3 12.5 787.1 32.6 1.0
NQ
GL  0.71(52.7) 24(17) 448.6 25.8 12.3 12.5 954.9 63.6 32
TL  0.68(44.7) 18(10) 0.7 7.3 -0.6 -0.4 55.8 150.0 18.0
CD 0.62(190.4) 9(9) 0.8 2.6 -0.5 -0.5 38.1 1.7 7.7
Primal
0.74(59.6) 17(14) 456.7 16.1 12.3 12.5 663.1 239 1.4
NQ
GL  0.73(56.8) 9(7) 464.9 36.0 12.3 12.6 756.7 44.5 34
TL  0.72(53.8) 13(8) 0.7 6.4 0.8 0.6 62.3 1272 11.9
CD 0.65(213.1) 10(10) 0.7 0.2 0.7 0.6 28.3 L5 5.8

1. Based on single equation OLS estimates except for the number of significant variables (dual side) which is from the final SUR
estimates.

2. F-values in brackets are the standard F-statistcs for joint significance of the explanatory vaiables with k and N-1-k for the
numerator and denominator respectively and N and k are number of observations and number of explanatory variables
respectively. All models are highly significant at all levels.

3. There are 55 explanatory variables in both the profit and production functions in all the three models, and they have 10 for the
fertilizer and labour demand equations on both sides. Note that the CD has only 10 variables.

4.  The square root of residual mean square.

5. Ramsey RESET (omitted variable) test using powers of the fitted values of the independent variable. This is an F-test with 3 and
[(N-1-k)-3] degrees of freedom for numerator and denominator respectively. Critical values are 2.6(3.78) at 5%(1%) levels.

6. Cook-Weisberg test for heteroscedasticity using fitted values of the dependent variable which is distributed as chi-squared (1).

7. Univariate Skewness/Kurtosis test for normality (D’ Agostino et al, 1990) of the distribution of the residuals which is distributed
as chi-squared (2).
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In terms of the number of significant parameters, there is a clear superiority of the NQ
model over the TL and GL. On the dual side, just over one-half (53%) of the parameters
of the NQ model are significant at 5%. The comparative figures for GL and TL are,
respectively, 40% and one-third. Besides, about 40% of the parameters of the NQ model
are significant at 1%, while only 31% and 18% of the parameters of the GL and TL,
respectively, are significant at 1%. On the primal side as well, the NQ model has
generated far more significant parameters than the other two flexible forms. Nearly all

parameters of the CD model are significant at 1%.

Regarding multicollinearity, the NQ model is the most preferred of the three flexible
forms (with a VIF of only 32.63), while the TL is the least preferred (with a VIF of
149.98, more than twice and about five times as much as that of the GL and NQ models,
respectively). As a result of including the profit function in the estimation, we would
normally expect high multicollinearity. Thus, the NQ appears to be the most preferable
of the three as it rendered such a large number of significant parameters along with

relatively low multicollinearity under the circumstances.

Overall, there is very little difference in the test statistics of the primal and dual side
although the former seems to be slightly better in terms of adjusted R-squared and
multicollinearity. A small difference in the adjusted R-squared of the production and
profit functions is to be expected as they have different dependent variables. However,
the dual specification seems to be superior in providing more precise (and low standard
error) parameter estimates because it has produced a much larger number of significant

parameters.

Non-nested Specification tests:

The non-nested hypotheses tests are formulated along the lines of Doran (1993), and the
test statistics and associated t-values are reported in Table 2. On the dual side, the J-test
results do not discriminate among the three models. The JA-test results however accept
the NQ profit function at 5% against the GL. Therefore, with both the J- and JA-tests, no
model is accepted at 10% against the alternatives when it comes to the profit function.
The picture is more or less the same on the primal side. Here, the NQ production
function is accepted against the GL at 10%. The TL production function is also accepted

against both NQ and GL at 10%. But, like in the dual case, the J-tests do not
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discriminate among the models. The only common result from both the dual and primal
side is that the NQ model is accepted with the JA-test at 5% (dual) and 10% (primal).
Unfortunately, lack of conclusive evidence from tests of non-nested hypotheses is very

common in the literature (e.g., Frank et al, 1990; Doran, 1993; Hall, 1998).

Table 2 Non-nested Hypotheses Tests

Null Hypothesis Alternative Hypothesis
Dual Primal

NQ GL TL NQ GL TL
GL 574 - 24.51 848 - 26.46

3.09 - -5.30 222 - -6.83
NOQ - 5.87 2398 - 3.69 25.96

-------- 1.79%* -5.01 ——-- -0.58* -5.00
TL 24.74 2462 - 26.72 26.66  -------
-2.45 -3.06 - -0.04* -0.20* -

Notes: The upper number is J-statistic and the lower number is JA-statistics (both of which are t-values).
No asteriks, two asteriks and single asteriks indicate significance at 1%, 5% and 10% respectively.

Regularity tests

The first check on consistency of the results with theory is to see if the own price
parameters have expected signs (see Appendix C). The NQ model has not only
generated the correct signs for fertilizer and labour demand own prices, they are also
significant at 1%. This is so even before any of the symmetry restrictions are imposed,
and this is the case for both the primal and dual sides (the only exception is the
parameter for own price of fertilizer on the primal side which, though having the right
sign, is statistically insignificant). The CD model also produced correct signs for both
the primal and dual sides, all of which are highly significant at 1%. The GL produced
unexpected sign for own prices of fertilizer demand (but insignificant), whereas that of
labour is correct sign and significant at 1%. Most disturbing is the TL for which the own
price parameters have wrong signs, and are also statistically significant at 1% (for
fertilizer) and at 5% (for labour). In addition the high significance of most of the own-

price parameters may be an indication of sufficient variation in the prices used.



14

The results of technology tests are reported in Table 3. We first checked only symmetry,
and it cannot be rejected for TL (at 1%) and NQ (at 10%), but was rejected for GL. Then
we tested for equality (with symmetry implicit) individually, and it was accepted for
more than 75% of the cases for all the three flexible forms. A joint test of symmetry was
rejected for all models. The majority of dual studies which reported tests for symmetry
also rejected the hypothesis (e.g., see Shumway, 1983; Higgins, 1986; Fisher and Wall,
1990; Savadogo et al, 1995). Shumway (1995) provide surveys of dual studies that have
appeared in agricultural economics journals and find that many of them failed to satisfy
theoretical requirements. It needs to be stressed that symmetry is not a behavioural
assumption, rather it is a mechanical consequence of applying Young’s theorem, and as
such asymmetric responses are not contradictory with the hypothesis of profit
maximization (Savadogo ef al, 1995). However, since symmetry is a necessary condition

for deriving the input demand equations from the profit function, we impose it in our

estimation.
Table 3 Regularity Tests'
Symmetry Monotonicity” Convexity®
Model Only sym’.  Individual’ Joint' Fertilizer ~Labour Necessary Sufficient
NQ
Dual 6.58 16 111.61 yes yes yes yes
2.83 17 57.66 yes yes yes yes
Primal
GL 23.03 15 159.3 yes yes no no
TL 1.86 17 141.66 yes yes no no
CD - 1 192.26 yes yes yes yes

1. These tests are carried out only for the dual side except for the NQ model. In all cases linear homogeniety of the profit function is
maintained by normalizing by ourput price.

2. The test statistic is Wald which has a chi-squared distribution with 2 degrees of freedom as there are only two restriction. Critical

values are 5.99 and 4.61 at 5% and 10% levels respectively. Note that this test does not apply for the CD model.

The number of independent equality restrictions (out of a total of 20) accepted at 5%.

4. A joint test of all the 20 equality and symmetry restrictions which is distributed chi-squared with 20 degrees of freedom. Critical

values are 31.4 and 28.4 at 5% and 10% respectively. Note that the CD has only 2 restrictions.

Decision based on local test at data mean points of prices and fixed inputs and other non-price factors.

6. For the NQ primal model, this represents concavity.

(95}

W

Monotonicity (at data mean points) cannot be rejected for all models. Both the CD and
the NQ models satisfied convexity globally, but not the other two models which do not
meet even the necessary conditions because of the wrong signs for the input demand
functions. The rejection of convexity casts a serious doubt on the validity of the
assumption of profit maximaization, although there might be other reasons for its

rejection (see Shumway, 1983; and Higgins, 1986 for details). The failure to satisfy
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curvature properties is fatal to efforts to derive technology implications from a dual
model (Jegasothy et al, 1990). We also tested and checked for symmetry, monotonicity,
and concavity of the NQ production function!'?. As can be seen from Table 3, the
outcomes are similar to the dual side, i.e., except for joint test of symmetry, it passes all
the others. Therefore, based on theoretical consistency, the CD and NQ models are

clearly preferred to the other two models.

VI. ELASTICITIES AND POLICY IMPLICATIONS

Since the CD and the NQ models satisfied curvature properties, we computed elasticities
from the two models. For comparison, we have also presented elasticities from the GL
model (see Appendix B).!13 It should be pointed out that, in general, there is no
remarkable difference in the policy implications of the elasticities calculated from the
alternative models. For this reason and partly because of the highly restrictive
assumptions of the CD model, the discussion of elasticities is based on the NQ
elasticities. Notwithstanding the robustness of most of the results, some important
differences in the elasticity estimates are found across functional forms. For example,
output supply and input demand elasticities of variable inputs are more sensitive to
functional forms than those of non-price factors. Further, input demand elasticities are

in general more sensitive to functional forms than output supply elasticities.

Dual Elasticities

The elasticities estimated from the quadratic profit function, at mean values of prices and
fixed factors, are presented in Table 4. All elasticities have expected sign (positive for
output supply and negative for input prices), and are all less than unity, often
considerably so. The own-price elasticity of output, although significant, is very low. As
we are considering aggregate output (hence abstracting from substitution possibilities),
this is to be anticipated. The responsiveness of output to input prices (particularly to
fertilizer prices) is negligible and insignificant. There is no evidence that output

responds to fertilizer price (dual) or usage (primal). This is surprising, but is likely to

12 Monotonicity requires that the fitted values of the inverse demand functions be positive. The necessary
condition for concavity is that the leading diagonal terms be negative, the sufficient condition being the
Hessian of the production function be negative semi-definite.

13 Note that all the elasticities from GL model rendered expected signs, and the only parameter with a wrong
sign is highly insignificant. In any case, any inference from the GL elasticities should be cautiously
interpreted.
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reflect the low usage of chemical fertilizer, partly because the effective price is too high

for small, poor farmers.

Table 4 Estimated Elasticities from Dual and Primal Specifications.
Dual Primal

Elasticities Output  Fertilizer Labour  Output  Fertilizer Labour
with respect to:

Output price 0.013" 0.16° 048 0.08 0.24 0.78
Fertilizer Price -0.002 0.09°  -0.05 -0.03 0.13  -0.10
Wage rate -0.01 -0.07  -043" -0.05 0.11  -0.68
Area cultivated 0.43" -0.09 027 0.83 -0.54 0.42
Animal power 0.29° 0.68° 028 0.45 1.30 0.05
Farm capital 0.16 0.19 0.18 0.23 061  -0.36
Land quality 0.31° 022"  -0.31 0.72 047  -0.16
Land access 0.07" 0.01  0.02" 0.12 0.30 0.08
Infrastructure 0.27" 049"  0.18 0.56 1.82 0.41
Rain 0.39" 0.04" 039" 0.67 0.16  -0.02

Notes: Elasticities indicated by * are based on derivatives of the restricted profit function, significant at
5%. For convenience of interpretation, the sign of elasticities for land quality are the reverse of the relevant
parameter estimates. For the primal model, we derived the profit maximizing fertilizer and labour demand
equations by simultaneously solving the system. The output supply equation was obtained by substituting
these input demand equations for the exogenous factors back into the production function. Then
conditional input demand and output supply elasticities are calculated at mean values of prices and fixed
inputs (Abrar, 2001).

The insignificance of fertilizer inputs may be due to low levels of fertilizer application
on a per hectare basis, misuse and inefficiency arising from lack of knowledge,
institutional and infrastructural impediments. Farmers often use considerably less
fertilizer than the recommended level. The loss of output due to nutrient imbalance is
also significant as farmers’ application is biased towards DAP instead of using it with
Urea in equal proportions, in line with agronomic recommendations. Croppenstedt and
Mulat (1997) found a very high degree of inefficiency of fertilizer use among cereal
farmers in Ethiopia. They estimated mean efficiencies at 40 per cent for fertilizer,
compared to 76 per cent and 55 per cent respectively for land and labour. Furthermore,
bad timing in application and lack of experience and knowledge is problem. Partly, this

is due to the inability of farmers to acquire fertilizer and fertilizer credits at the right
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time. Fertilizer is usually scheduled for delivery in June and July, but this fails to take
into account the different planting calendars for different regions and different crops.
Finally, we can see from the significant elasticities of fertilizer demand with respect to
land quality and infrastructure that fertilizer use and its yield-increasing effect crucially

depend on soil quality and market access.

If farmers do not report use of purchased fertilizer, we impute a cost corresponding to
average usage in the region (see Appendix A). This may be the reason why the elasticity
is so low. Farmers who cannot afford chemical fertilizer do not use it and, consequently,
their output/profit is lower (than if they had used it). The price of fertilizer would need to
fall considerably to enable them to purchase it. However, animal power (measured as
numbers of oxen) is a proxy for access to manure, at least for poor farmers (for rich
farmers, it is a wealth effect and they should be able to afford chemical fertilizer). The
output elasticity with respect to animal power is positive and significant, which is

consistent with this as a proxy for manure.

Although own-price elasticities of input demands are significant, the own-price elasticity
of fertilizer is low, suggesting that fertilizer prices would have to decrease substantially
to increase the low level of fertilizer use in rural Ethiopia. Quantitatively, to increase the
current adoption rate of about 50 kg per hectare to at least 100 kg (the average for low
income economies) is an increase of 100 per cent. The estimates suggest that even a 50%
fall in fertilizer prices would only increase the quantity applied by about five per cent.
Furthermore, fertilizer prices seem to have been increasing in the 1990s, as discussed in
Section 2. Fertilizer demand is more responsive to output than to fertilizer prices
(elasticities of 0.16 and 0.09 respectively). More favourable output prices would be more
effective in encouraging increased use of fertilizer than would reductions in fertilizer
prices, therefore the appropriate policy focus is on output markets (and input supply)

rather than input prices.

Labour has the highest own-price elasticity (0.43) compared to output (0.013) and
fertilizer (0.09). This and labour’s relatively high elasticity with respect to output price
implies that labour is far more responsive to price incentives than fertilizer. The low
productivity of labour is evident from the low elasticity of output with respect to the

wage rate. Yao (1996) found declining elasticity of labour over time, suggesting that
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stagnation of yields and increasing population growth have gradually depressed labour
productivity. Labour demand is equally responsive to changes in output prices and wage

rates, again supporting a policy focus on output markets and prices.

Output elasticities are significant for all fixed inputs and structural variables and quite
high for most, especially area and rainfall. Output is far more responsive to non-price
factors than to prices. The most important fixed inputs in terms of output response are
area of cultivated land (elasticity of 0.43) and animal power (0.29). This suggests that
larger farms are more profitable but need not imply support for a general policy of
increasing the size of holdings. It may be that there are many holdings that are smaller
than the minimum efficient size, so the objective would be to get all holdings above this
size. Though production is least responsive to farm capital, the results indicate that the
availability of this input increases output without generating significant demand for
variable inputs. The control factors to which output is most responsive are rain, land
quality and market access (infrastructure) with elasticities of 0.39, 0.31, and 0.27
respectively. The combined effect of more land of better quality is therefore substantial.
Policies cannot directly affect land quality and rainfall but the importance of these
factors suggests a focus on irrigation and soil quality. The latter could include
appropriate use of fertilizers, although it is notable that fertilizer demand is not

responsive to land area.

Fertilizer demand appears unresponsive to land area, farm capital and access to land, and
has a very low response to rainfall (suggesting that areas with good rainfall have less
need for chemical fertilizer). Labour demand appears unresponsive to farm capital and
land quality. Otherwise, variable input demands respond significantly to non-price
factors. The major influences on labour demand are rainfall, animal power and land area.
The latter two are probably correlated (larger, richer farmers have more animals) while
the former captures the effect of the size of the harvest. Fertilizer demand is most
responsive to animal power (elasticity of 0.68), followed by infrastructure and land
quality (elasticities of 0.49 and 0.22 respectively). As cattle in rural Ethiopia are major
stores of wealth, animal power is likely to be positively correlated with credit
availability, and in turn usage of purchased inputs. The high elasticity of fertilizer
demand to infrastructure is expected. Given uniform prices within a village, the road

density variable may represent transport cost differences and market access, both of
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which affect fertilizer elasticity with respect to the delivered price (Bapna et al, 1984).
Land quality has also a strong and positive impact on fertilizer demand, which can be
attributed to the fact that better quality land is usually closer to roads and markets.
Furthermore, hill farmers with a slope higher than five per cent are not eligible to benefit

from government support through modern input packages (Zerihun, 1996).

The negative and insignificant elasticity of fertilizer demand to area of cultivated land is
not entirely unexpected in light of the extremely low intensity of fertilizer use of
Ethiopian farmers. Most farmers in Ethiopia apply substantially lower amount of
fertilizer than the recommended rate. This result, together with the relatively low and
insignificant elasticity of fertilizer to land access, indicate that land is not as severe a
constraint for fertilizer demand as it 1s, for instance, for labour. This is consistent with

the observation that fertilizer, unlike labour, is relatively scale neutral.

Primal Elasticities

Since monotonicity and curvature conditions are satisfied for the system of first-order
conditions (12), following Jegasothy et al (1990), we derived the profit maximizing
fertilizer and labour demand equations by simultaneously solving the system using
Cramer’s Rule. The output supply equation was obtained by substituting these input
demand equations for the exogenous factors back into the production function. Then
conditional input demand and output supply elasticities are calculated at mean values of
prices and fixed inputs which are also reported in Table 4. The output elasticities are in
general consistent with previous works on peasant production in Ethiopia (see for e.g.,
Croppenstedt and Mulat, 1997; Abrar, 1996; Yao, 1996). Croppenstedt and Mulat
(1997), using the same data set, in their study of technical efficiency reported land and
fertilizer elasticities in the range of 0.46 to 0.58 and 0.03 to 0.09 respectively. Yao
(1996), using aggregate time series data, reported elasticities in the range of 0.20 to 0.45,
0.05 to 0.10 and 0.35 to 0.97 for land, fertilizer and rainfall respectively.

These conditional elasticites reinforce the major result of the dual elasticities namely
fixed inputs and other non-price variables are more important than prices. The relative
importance of various variables is somewhat similar to the dual case. The only
difference is in the relative importance of effects of rain and land quality on output, and

of animal power and infrastructure on fertilizer. With the exception of elasticities of
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fertilizer demand with respect to animal power and infrastructure, all primal elasticities
are less than unity. These elasticities also produced similar signs except in three cases,
all of which are elasticities of input demands. The weak response of output to fertilizer is

particularly evident.

However, in nearly all cases, the production elasticities calculated from the primal model
are larger in magnitude than those derived from the profit function!4. These elasticities
are generally found to be larger in absolute magnitude than their dual counterparts
(Jegasothy et al, 1990; Applebaum, 1978). On the basis of estimates of translog
production and cost functions, Burgess (1975) reported markedly different inferences
concerning elasticities of substitution while Applebaum (1978) found that magnitudes of
price elasticities are sensitive to primal-dual specifications. On the other hand, studies by
Dixon et al (1985) and Haughton (1986), using production and profit functions, indicate
that parameter estimates and elasticities are more sensitive to functional forms than to
primal-dual representation of the technology. In our case, despite differences in
magnitudes, the inferences made from the primal and dual elasticities are not quite

different from each other.

V. CONCLUSIONS AND POLICY IMPLICATIONS

Increasing the efficiency and productivity of agriculture has been an important objective
of the Ethiopian government in the 1990s. Market liberalisation, in particular price
incentives, have been a major policy instrument. However, the farming sector in
Ethiopia is dominated by poor, peasant farmers with relatively small holdings. We
analyse survey data on almost 1500 peasant households in 1994 to assess how
responsive are Ethiopian farmers to price incentives and to identify the major constraints
to expanding output. As a secondary objective, we tried to assess the extent to which
empirical estimates and their inferences are sensitive to choice of functional form and to

whether or not primal or dual approach is applied.

A number of important conclusions emerge. First, based on the alternative criteria set

out, the quadratic and the Cobb-Douglas forms seem to provide better approximations of

14 In the case of the CD model, while output elasticities with respect to variable inputs is higher for the primal
than the dual, nearly all output elasticities with respect to Z-variables are larger for the dual than the primal.
In general, the primal-dual discrepancy is much lower for the CD model than the NQ model.
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the underlying data. While non-nested hypotheses tests provide no clear choice among
the three flexible forms, the quadratic model is found to be superior on the basis of
statistical performance and consistency with theory. Second, in general, both production
and profit functions have produced similar test results. On the basis of the criteria
adopted, it is not possible to say which procedure is superior. Nor is there remarkable
difference in the inferences made from elasticity estimates of the primal and dual
specifications. Notwithstanding the robustness of most of the results, some important
differences in the elasticity estimates are found across functional forms and estimation
procedures. Differences in the magnitude of the elasticities are particularly significant

when comparing the conditional and unconditional elasticities of the quadratic model.

Third, the results suggest that aggregate output of peasant farmers in Ethiopia responds
only modestly to price incentives, and responsiveness to output prices is greater than that
to variable input prices. While changes in variable input prices significantly affect the
demand for these inputs, albeit with a very low elasticity in the case of fertilizer, the
influence of input prices, especially for fertilizer, on output is insignificant. Policies
directed at output and fertilizer prices are unlikely to have an appreciable effect on
aggregate output. This is not to argue against ‘getting prices right’ as there may be
effects on the crop mix not captured in our focus on aggregate output, and one would
expect price elasticities to increase as agriculture becomes more commercialised.
Furthermore, input demands are more responsive to output prices than to input prices.
Our survey data are from 1994, relatively early in the agricultural reform process, but

identify important constraints facing peasant farmers that should guide policies.

Finally, the most important finding is that non-price factors are far more important in
affecting production and resource use than price incentives. This is demonstrated by the
substantially higher magnitudes of the elasticities of output and input demands with
respect to these factors. The most important non-price factors determining output, and
hence the major constraints on increasing output, are size of holdings, rainfall, land
quality and infrastructure (transport and access to markets). Extensification is not an
option for increasing the size of land holdings. However, consolidation may be desirable
as output is very responsive to land area, suggesting scale economies. In this context, the
current land policy prohibiting land transfer is a constraint on increasing average

profitability and productivity.
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Government policy cannot affect rainfall and land quality, but can compensate for these
as constraining factors by investing in irrigation, promoting efficient use of water and
encouraging adoption of land-augmenting bio-chemical technology that increases soil
quality. The latter emphasises the importance of fertilizer policy. Our results suggest that
only the richer farmers with better quality land use fertilizer. Fertilizer demand is most
responsive to the number of oxen a farmer owns (a measure of wealth), infrastructure (a
measure of access to markets) and land quality. The low output supply and input demand
elasticities with respect to fertilizer prices are evidence of the low usage rates, partly

because prices are high.

There are many possible reasons for the relatively high price of fertilizer, so that many
farmers cannot afford to use it. Successive devaluation of the Birr, high local transport
costs and the elimination of subsidies all contribute to high domestic fertilizer prices.
The effective price to farmers is even higher as over 80 percent of farmers who use
chemical fertilizer require access to credit to finance purchases, and interest rates are
generally very high. Another factor is that fertilizer markets, especially retail markets,
are subject to local monopolies for supply and distribution. In the light of the evidence
here and given the central role fertilizer plays in the drive for sustainable growth and
increased productivity in the agricultural sector (core aims of government policy), the
decision to remove fertilizer subsidies is questionable. Price support mechanisms,
perhaps as part of the extension programme, may be necessary to encourage fertilizer

use (at least until such time as average farm incomes increase).

Given the features of peasant farming in Ethiopia, getting prices right is not in itself an
adequate policy to increase output and productivity in agriculture. Output prices are
clearly an important part of the incentive structure, but non-price factors are the binding
constraints. In addition to price incentives, effective policies that improve farmer’s
access to land, credit and inputs, and public investment in roads and irrigation, are
required. Such policies are likely to have direct effect on output, facilitating increased
profitability, but equally important are the indirect effects by encouraging increased
usage of fertilizer. Finally, we can note that elasticities for labour inputs are relatively
high, implying that labour is not a constraint (although productivity appears to be very

low).
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Appendix A Definition of Variables

Aggregate output is defined as the implicit aggregate quantity index derived by dividing
total value of output by the price index. The output and price indices correspond to those
used by Croppenstedt and Mulat (1997); we are grateful to Dr. Croppenstedt for
providing his set of variables from the first round of the survey. The aggregate price
index is defined as the Laspeyer’s price index calculated from the major crops using the
value share of each crop as a weight. We used the prices collected by an independent
price survey simultaneously with the main survey. In a very few cases where the price of

a crop is not reported, we used unit values.

Fertilizer is measured as total amount of chemical fertilizer applied in kilograms. Labour
is defined as the number of person-days of traditional (share) and hired labour used in
ploughing and harvesting. The wage rate per person-day is calculated from the wage bill
of hired labour. For those farmers (villages) with no hired labour, we imputed the wage
rate from the off-farm income of farm-related employment. Labour used in weeding is
also given in the data, but we have not included it for two reasons. First, as weeding is
predominantly carried out by women and children, the labour is not traded and/or has
very low opportunity cost in terms of off-farm employment (women and children rarely
participate in off-farm work). The data also show that weeding constitute a very low
component of hired labour. Excluding it is justified as we use off-farm and hired wage
bills to derive the wage rate. Second, weeding is least important in tree crop areas.
Family labour is not included as it is treated as fixed. Also, share labour is adjusted for
quality using average product as a weight. The implicit assumption here is that hired
labour is more productive than share and family labour, an assumption justified by the

data.

The price of fertilizer is calculated by dividing total expenditure on the amount applied.
For those farmers who do not report use of purchased fertilizer, the mean of those who
applied (in the same village) is used (to impute the cost of non-purchased fertilizer
usage). In two villages where no farmer reported applying fertilizer, the mean of the
nearest village is used. Animal power is defined as the total number of oxen owned (and
may capture access to ‘natural’ fertilizer in addition to wealth effects). Farm capital is

measured by the value of hoes and ploughs owned.
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Land is total area of land cultivated in hectares. Land quality is defined as an index of
the quality of cultivated land (1 being best, 2 mediocre and 3 worst). We combined the
two indices of land quality given in the data (one for fertility and another for steepness)
into one index using total area cultivated as a weight. Other inputs used in the
preliminary analysis included a proxy for manure use and expenditure on all other
inputs. The former was omitted due to multicollinearity (given animal power and

imputed fertilizer cost) and the latter due to statistical insignificance.

A proxy for access to land is measured by the share of the harvest paid in the form of
rent for land. Following Bapna ef al (1984), infrastructure (and/or market access) is
measured by dividing the total population of the nearest town (or big market) to the road
distance between the town and the village. The level of rainfall is measured by
multiplying the amount of rain in milimetres by the dummy for rain included in the
questionnaire, where the farmer is asked if rain was enough or on time. We also included
a dummy variable to capture the two most important cereal and tree cropping systems (1
if household is in cereal growing zone, 0 otherwise). Other alternative dummies were
initially used for this purpose that split the sample into villages or regions or sub-farming
systems. Village level dummies were excluded due to extreme multicollinearity with
rain and market access, which are also village level measures, whereas region dummies
were avoided as they performed no better than the farming system dummy used. Some
other variables, such as education, age, household size, number of crops inter-cropped,
number of plots, access to credit, and non-farm income, included in the preliminary

estimation are left out due to multicollinearity.



Table A1 Descriptive Statistics of Principal Variables Used

Variables Mean Standard

Deviation
Output (Birr) 710.30 889.85
Fertilizer (Kg) 39.87 70.43
Labour (Man-days) 32.14 75.10
Output Price (Birr/Kg) 3.19 3.00
Fertilizer Price (Birr/Kg) 1.52 0.37
Wage rate(Birr/Man-days) 2.83 1.62
Area Cultivated (hectares) 1.74 1.56
Animal Power (numbers) 1.80 2.00
Farm Capital (Birr) 2431 32.43
Land Quality (index) 1.53 0.44
Land Access (Kg) 72.43 384.30
Infrastructur(road density) 3880.45 3817.45
Rain (mm) 548.16 677.21

Appendix B Estimated Elasticities: Dual

Out fert. Wage Cult. Anim Farm Land Land Mark.
Elast. of: Price  Price Rate land Power Capit. Qualit. Access  Access Rain
CD
output 0.11 -0.05 -0.06  0.52 0.36 0.05 0.52 0.09 0.14 0.11
fertil. 1.05 -1.05 -0.06  0.52 0.36 0.05 0.52 0.09 0.14 0.11
labour 1.06 -0.05 -1.06  0.52 0.36 0.05 0.52 0.09 0.14 0.11
NQ
output 0.013 -0.002 -0.01 043 0.29 0.16 0.31 0.07 0.27 0.39
fertil. 0.16 -0.09 -0.07  -0.09 0.68 0.19 0.22 0.01 0.49 0.04
Labour 0.48 -0.05 -0.43  0.27 0.28 0.18 -0.31 0.02 0.18 0.39
GL
output 0.035 -0.013 -0.022  0.281 0.201 0.104 0.331 0.038 0.601 0.332
fertil. 0.494 -0.51 0.016 0.061 0.428 0.209 0.153 0.048 0.511 0.140

Labour 0.56 0.014 -0.57  0.164 0.201 0.065 0.190 0.015 0.145 0.071
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Appendix C1 Restricted Profit Function Estimates

Parameters NQ GL TL CD Parameters NQ GL TL CD
a 126.033 10.01 18.49 3.823 B 0.020 1.590 0.019
o
(0.61) (0.01) (16.03)%**  (25.65)%** (7.31)%x (4.20)%xx (0.54)
a, -6.77 45.083 -0.027 -0.052 5, 0.064 1.174 0.006
(0.88)  (3.28)*** 0.74)  (9.43)%x* (3.32)%x (1.69)* (0.45)
a, -5.49 -6.723 032 -0.055 B34 0.449 9.441 0.026
(0.59) (0.78) (4.73)0%%  (5.35)F%* (0.39) (0.58) (0.42)
B 15458 336.475 0.086 0.519 Bss 0.005 0.606 0.021
(256 (2.11)** 0.42)  (17.95)%** (1.68)* (1.47) (2.30)%*
B, 122560 49.238 0.03 0361 6 0.000 0.159 -0.004
(2.94y%*%  (0.55) (0.11)  (7.94)%x* (2.63)%** (1.69)* (0.28)
Bs 0.662 -14.949 -0.07 0.050 55 0.000 0.284 0.021
(0.27) (0.63) (0.65) (2.57)* (0.43) (1.59) (3.93)%x
B, -8.505 320514 -1.64 <0516 Bas -0.203 -10.273 -0.033
(0.04) (0.53) (2.920%%  (6.17)%** (1.26) (1.57) (0.76)
Bs 0.923 12.499 -0.005 0.091 Bus -0.003 -0.547 0.169
(2.93)**%  (1.35) (0.14)  (7.85)** 0.27) (0.34) (2.40)*
Bs -0.105 -15.605 -3.70 0.144 . -0.055 -5.649 -0.025
(4.46)F%%  (6.41)F** (11.68)%**  (7.19)¥** (1.06) (2.11)%* (0.99)
B, 0.14 8.714 -0.232 0.110 Bse 0.000 0.073 -0.012
(1.04) (1.59) (0.86)  (13.56)%** (4.56)%%* (2.29)** (1.40)
Vi 7.761 -7.505 -0.035 B, 0.000 0.043 -0.008
(338 (1.20) (3.02)%%x (1.42) (0.64) (2.25)%*
15.618 8.167 -0.02 0.000 0.212 0.018
Ya2 g7
(8.61)**%  (3.96)%** (2.43)** (8.28)*** (7.56)%* (1.67)*
Via 3.140 -0.991 -0.002 o 1.998 -3.033 0.007
(2.20)** (0.36) (0.36) (1.51) (0.84) (0.96)
3, 34867 -121.699 -0.108 @ -15.059 -24.080 -0.022
(3.77)F*%  (2.24)%* (2.22)** (14.72y%%x (10.63)%** (2.12)%*
5y, -7.779 42112 0.027 O3 0313 -3.046 0.010
(1.37) (1.50) (0.20) (5.69)%%* (5.23y%%x (2.10)**
13 -0.017 -1.546 0.028 P 5.756 7414 -0.034
0.97) (1.15) (1.20) (1.53) (0.86) (1.70)*
Bus 12.064 -55.188 -0.068 @ -0.006 -0.971 0.001
(0.10) (0.12) (0.12) (1.47) (5.00)%* (0.26)
Bss 0.000 0.125 0.062 P -0.005 -0.557 -0.006
(5.09y%*%  (1.70)* (3.58)%** (10.07y%** (10.53)%x* (1.25)
s 0.000 0.210 0.509 o -0.003 -0.525 0.001
(3.92)%%  (7.98)F** (11.48)%* (1.07) (5.12y%%x (0.77)
5, 0.000 0.323 0.047 o -5.047 -6.651 0.005
(1.09) (1.68)* (0.79) (3.16)*%x (2.89)%*x (0.42)
31 -12.148 1.578 0.021 @ -4.969 9.234 0.021
(1.68)* (0.06) (0.37) (4.03)%x* (6.43)%* (1.06)
313 0914 7.927 -0.016 o -0.237 -0.783 0.011
(2.01)** (1.15) (0.77) (3.59)%* (2.12)** (1.32)
314 -16.580  -209.400 -0.019 s -6.473 7.506 -0.014
(0.53) (1.98)** (0.20) (1.44) (1.37) (0.38)
Bis -0.015 0.554 -0.018 Bs -0.009 -0.248 0.005
(0.27) (0.22) (1.08) (1.74)* (2.05)* (0.91)
0.013 2.774 0.046 -0.001 -0.132 0.023
dis (013
(3.56)0%%  (4.12)0*x (1.78)* (2.51)* (3.96)** (2.70)%**
0.105 4.804 0.016 -0.023 -0.221 0.009
o7 O
(3.82)%%  (3.80)** (1.65)* (6.75)%** (3.39)%*x (2.65)%**
5y 0.016 6.984 0.048 DUl 55.960 -17.261 -0.180 0.278
(0.08) (1.91)* (1.51) (1.20) (0.36) (2.40)%* (4.27yr*x
B4 -50.113  -85.430 0.068 Adj. R? 0.71 0.71 0.68 0.62
(2.18)** (1.35) (0.45) (52.74) (52.74) (44.71) (190.40)
85 -0.109 -0.947 -0.020 Wald 35.78 88.75 162.56 148.72
(2.00)** (0.56) (0.93)

Notes: Absolute value of z-statistics in parentheses. *significant at 10%; ** significant at 5%; *** significant at 1%. The Wald
statistics is the chi-squared statistics (three degrees of freedom) of the Breusch-Pagan test of independence among the three
equations in the system.
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Appendix C2 Production Function Estimates

Parameter NQ GL TL CD Parameter NQ GL TL CD
a 146.230 276.783 17.769 4130 By 20.110 -0.705 20.015
o
(0.72) (0.33) (13.20)%%%  (28.49)%** (2.02)** (0.40) (0.73)
a, 0.868 -13.010 0.161 0.091 B 0.020 1338 0.039
(11.23)#% (0.80) (1.44) (7.44yx5x (7.54y05% (G120 (1.06)
a0 1.873 8.781 -0.020 0.086 5, 0.073 1.788 0.010
(14.40)%+* (0.53) (0.20) (6.28)+** (3.78)++* (2.27)%* (0.74)
B, 130.038 228.028 0453 0.459 Bs4 0015 14,952 -0.004
@.16)%* (1.36) QI7)%*  (16.95)+** (0.01) (0.89) (0.06)
B, 80.78 -8.413 0.074 0252 Bss 0.005 0.701 0.013
(1.95) (0.09) (027) (5.79)%* (1.90)* (1.60) (1.44)
B 0.776 -30.168 -0.004 0.066 Bs6 0.000 0.083 -0.004
(0.32) (1.25) (0.04) (3.66)** (2.69)+** (0.79) (0.30)
By 17.943 276.986 -1.955 -0.453 55, 0.001 0.330 0.014
(0.08) (0.45) (3.58)k*%  (5.88)rHx (1.12) (L76)%  (2.81)%*
Bs 0.93 9.081 0.006 0.079 Bss -0.194 -9.832 -0.020
(2.96)++* (0.94) (0.07) (7.20)+%+ .21 (1.44) (0.48)
Bs -0.095 -14.521 3516 0.093 Bue -0.005 -1.183 0231
(4.03)# (5.29)%** (O.53yFF%  (4.67)* (0.44) 067)  (3.26)%*
B, 025 -7.425 -0.083 0.095 34 -0.015 -4.889 0.017
(1.90)* (1.18) (0.32) (12.32)%% (0.30) (1.69)* (0.70)
Vir -0.00032 1.288 0.047 Bse 0.000 0.053 0.016
(1.06) (1.60) (1.95) (4.65)++* (1.55) (1.83)
Var -0.004 -0.749 0.023 35, 0.000 0.035 -0.007
(9.85)+* (132) (1.47) (1.61) (0.49) (2.12)**
Via -0.001 0.111 -0.003 o 0.000 0.180 0.016
(2.95y%*x (0.25) (037) (8.18)%** (5.61)%=* (146
-35.086 -113.218 -0.020 -0.011 -6.342 0.010
o (O}
(3.80)%*x (1.94)* (0.40) (0.73) (1.33) (0.50)
52, -6.639 52364 0.104 o 0.010 0.270 -0.046
(1.17) (1.69)* 0.77) (0.79) (0.09) (2.00)*
543 -0.026 -0.607 0.009 o 0.000 0.887 -0.002
(1.47) (0.43) (0.43) (0.74) (1.42) (0.17)
Bss -7.936 -42.553 0.053 O -0.096 0.921 -0.065
(0.07) (0.09) (0.10) (233 (0.08) (1.54)
5ss 0.000 0213 0.073 @ 0.000 0.336 0.003
(5.71yr5x (2.39)%* @31k .21 1.71)* (0.50)
B 0.000 0.183 0474 @6 0.000 0.244 -0.010
(2.68)+** (6154 (9.31)kx* (6.87)+** @BI3)(0.72)
5, 0.000 0.166 0.010 0.000 -0.078 -0.011
7 Gy
(1.25) (0.73) (0.18) (3.85)++* (0.52) Q.57
3 -11.584 9214 0.037 o -0.022 1392 -0.048
(1.61) (0.31) (0.67) (0.92) 033)  (2.99)%**
0.920 9.040 0.016 0.023 0.330 -0.036
O3 (V5]
(2.03)%* (1.27) (0.78) 1.17) 0.11) (1.36)
3,4 -15.902 -156.327 -0.007 O 0.000 -0.832 0.002
(0.51) (1.42) (0.08) (0.26) (1.38) (0.15)
5, 0.016 0.192 0.015 © 0.138 -0.829 0.001
(0.29) (0.07) (0.95) (2.00)%* (0.07) (0.03)
316 0015 3.017 -0.005 ©s 0.000 -0.101 -0.006
(4.19)++* (3.92)+* (0.19) (0.25) (0.46) (1.00)
0.125 5.029 0.023 0.000 0.043 0.011
o7 M6
(4.55yx5 (352 (247 (6.18)%** (0.50) (0.85)
5y 0.012 6.819 0.035 © 0.000 0.118 0.000
(0.06) (1.64) (1.10) (7.81)%5* (0.83) (0.02)
-49.097 -86.557 0.074 46.989 -5.738 -0.144 0.201
o DUI
(.14 127 (0.50) (1.01) (0.10) (1.85) (3.39)+**
Adj. R? 0.74 0.73 0.72 0.65
(59.62) (56.85) (53.81) (213.17)

Notes: Absolute value of t-statistic (OLS) and z-statistics (SUR) in parentheses.*significant at 10%; ** significant at 5%; ***
significant at 1%. Note that the estimates for quadratic are iterated SUR estimates of the production function along with first
order equations with equality and symmetry imposed. For others it is the single equation OLS results.



32



CREDIT PAPERS

99/1

99/2

99/3

99/4

99/5

99/6
99/7

99/8

99/9

99/10

99/11

99/12

99/13

00/1

00/2

00/3

00/4

00/5
00/6

00/7
00/8

00/9

00/10

00/11

Ewen Cummins, “Hey and Orme go to Gara Godo: Household Risk
Preferences”

Louise Grenier, Andrew McKay and Oliver Morrissey, “Competition and
Business Confidence in Manufacturing Enterprises in Tanzania”

Robert Lensink and Oliver Morrissey, “Uncertainty of Aid Inflows and the
Aid-Growth Relationship”

Michael Bleaney and David Fielding, “Exchange Rate Regimes, Inflation
and Output Volatility in Developing Countries”

Indraneel Dasgupta, “Women’s Employment, Intra-Household Bargaining
and Distribution: A Two-Sector Analysis”

Robert Lensink and Howard White, “Is there an Aid Laffer Curve?”

David Fielding, “Income Inequality and Economic Development: A
Structural Model”

Christophe Muller, “The Spatial Association of Price Indices and Living
Standards”

Christophe Muller, “The Measurement of Poverty with Geographical and
Intertemporal Price Dispersion”

Henrik Hansen and Finn Tarp, “Aid Effectiveness Disputed”

Christophe Muller, “Censored Quantile Regressions of Poverty in Rwanda”
Michael Bleaney, Paul Mizen and Lesedi Senatla, “Portfolio Capital Flows
to Emerging Markets”

Christophe Muller, “The Relative Prevalence of Diseases in a Population of
Il Persons”

Robert Lensink, “Does Financial Development Mitigate Negative Effects of
Policy Uncertainty on Economic Growth?”

Oliver Morrissey, “Investment and Competition Policy in Developing
Countries: Implications of and for the WTO”

Jo-Ann Crawford and Sam Laird, “Regional Trade Agreements and the
WTO”

Sam Laird, “Multilateral Market Access Negotiations in Goods and
Services”

Sam Laird, “The WTO Agenda and the Developing Countries”

Josaphat P. Kweka and Oliver Morrissey, “Government Spending and
Economic Growth in Tanzania, 1965-1996”

Henrik Hansen and Fin Tarp, “Aid and Growth Regressions”

Andrew McKay, Chris Milner and Oliver Morrissey, “The Trade and
Welfare Effects of a Regional Economic Partnership Agreement”

Mark McGillivray and Oliver Morrissey, “Aid Illusion and Public Sector
Fiscal Behaviour”

C.W. Morgan, “Commodity Futures Markets in LDCs: A Review and
Prospects”

Michael Bleaney and Akira Nishiyama, “Explaining Growth: A Contest
between Models”



00/12

00/13

00/14

00/15

00/16

00/17

01/01

01/02

01/03

01/04

01/05

01/06

01/07

01/08

01/09

01/10

01/11

01/12

01/13

01/14

01/15

Christophe Muller, “Do Agricultural Outputs of Autarkic Peasants Affect
Their Health and Nutrition? Evidence from Rwanda”

Paula K. Lorgelly, “Are There Gender-Separate Human Capital Effects on
Growth? A Review of the Recent Empirical Literature”

Stephen Knowles and Arlene Garces, “Measuring Government Intervention
and Estimating its Effect on Output: With Reference to the High Performing
Asian Economies”

I. Dasgupta, R. Palmer-Jones and A. Parikh, “Between Cultures and
Markets: An Eclectic Analysis of Juvenile Gender Ratios in India”

Sam Laird, “Dolphins, Turtles, Mad Cows and Butterflies — A Look at the
Multilateral Trading System in the 21% Century”

Carl-Johan Dalgaard and Henrik Hansen, “On Aid, Growth, and Good
Policies”

Tim Lloyd, Oliver Morrissey and Robert Osei, “Aid, Exports and Growth
in Ghana”

Christophe Muller, “Relative Poverty from the Perspective of Social Class:
Evidence from The Netherlands”

Stephen Knowles, “Inequality and Economic Growth: The Empirical
Relationship Reconsidered in the Light of Comparable Data”

A. Cuadros, V. Orts and M.T. Alguacil, “Openness and Growth: Re-
Examining Foreign Direct Investment and Output Linkages in Latin America”
Harold Alderman, Simon Appleton, Lawrence Haddad, Lina Song and
Yisehac Yohannes, “Reducing Child Malnutrition: How Far Does Income
Growth Take Us?”

Robert Lensink and Oliver Morrissey, “Foreign Direct Investment: Flows,
Volatility and Growth”

Adam Blake, Andrew McKay and Oliver Morrissey, “The Impact on
Uganda of Agricultural Trade Liberalisation”

R. Quentin Grafton, Stephen Knowles and P. Dorian Owen, “Social
Divergence and Economic Performance”

David Byrne and Eric Strobl, “Defining Unemployment in Developing
Countries: The Case of Trinidad and Tobago”

Holger Gorg and Eric Strobl, “The Incidence of Visible Underemployment:
Evidence for Trinidad and Tobago”

Abbi Mamo Kedir, “Some Issues in Using Unit Values as Prices in the
Estimation of Own-Price Elasticities: Evidence from Urban Ethiopia”

Eric Strobl and Frank Walsh, “Minimum Wages and Compliance: The Case
of Trinidad and Tobago”

Mark McGillivray and Oliver Morrissey, “A Review of Evidence on the
Fiscal Effects of Aid”

Tim Lloyd, Oliver Morrissey and Robert Osei, “Problems with Pooling in
Panel Data Analysis for Developing Countries: The Case of Aid and Trade
Relationships”

Oliver Morrissey, “Pro-Poor Conditionality for Aid and Debt Relief in East
Africa”



01/16

01/17

01/18

01/19

01/20

Zdenek Drabek and Sam Laird, “Can Trade Policy help Mobilize Financial
Resources for Economic Development?”

Michael Bleaney and Lisenda Lisenda, “Monetary Policy After Financial
Liberalisation: A Central Bank Reaction Function for Botswana”

Holger Gorg and Eric Strobl, “Relative Wages, Openness and Skill-Biased
Technological Change in Ghana”

Dirk Willem te Velde and Oliver Morrissey, “Foreign Ownership and
Wages: Evidence from Five African Countries”

Suleiman Abrar, “Duality, Choice of Functional Form and Peasant Supply
Response in Ethiopia”



DEPARTMENT OF ECONOMICS DISCUSSION PAPERS

In addition to the CREDIT series of research papers the School of Economics
produces a discussion paper series dealing with more general aspects of economics.
Below is a list of recent titles published in this series.

99/1
99/2
99/3
99/4
99/5
99/6
99/7

99/8
99/9

99/10

99/11
99/12

99/13

99/14

99/15

99/16

99/17

99/18

99/19

99/20

99/21

99/22

Indraneel Dasgupta, “Stochastic Production and the Law of Supply”

Walter Bossert, “Intersection Quasi-Orderings: An Alternative Proof”
Charles Blackorby, Walter Bossert and David Donaldson, “Rationalizable
Variable-Population Choice Functions”

Charles Blackorby, Walter Bossert and David Donaldson, “Functional
Equations and Population Ethics”

Christophe Muller, “A Global Concavity Condition for Decisions with
Several Constraints”

Christophe Muller, “A Separability Condition for the Decentralisation of
Complex Behavioural Models”

Zhihao Yu, “Environmental Protection and Free Trade: Indirect Competition
for Political Influence”

Zhihao Yu, “A Model of Substitution of Non-Tariff Barriers for Tariffs”
Steven J. Humphrey, “Testing a Prescription for the Reduction of Non-
Transitive Choices”

Richard Disney, Andrew Henley and Gary Stears, “Housing Costs, House
Price Shocks and Savings Behaviour Among Older Households in Britain”
Yongsheng Xu, “Non-Discrimination and the Pareto Principle”

Yongsheng Xu, “On Ranking Linear Budget Sets in Terms of Freedom of
Choice”

Michael Bleaney, Stephen J. Leybourne and Paul Mizen, “Mean Reversion
of Real Exchange Rates in High-Inflation Countries”

Chris Milner, Paul Mizen and Eric Pentecost, “A Cross-Country Panel
Analysis of Currency Substitution and Trade”

Steven J. Humphrey, “Are Event-splitting Effects Actually Boundary
Effects?”

Taradas Bandyopadhyay, Indraneel Dasgupta and Prasanta K.
Pattanaik, “On the Equivalence of Some Properties of Stochastic Demand
Functions”

Indraneel Dasgupta, Subodh Kumar and Prasanta K. Pattanaik,
“Consistent Choice and Falsifiability of the Maximization Hypothesis”

David Fielding and Paul Mizen, “Relative Price Variability and Inflation in
Europe”

Emmanuel Petrakis and Joanna Poyago-Theotoky, “Technology Policy in
an Oligopoly with Spillovers and Pollution”

Indraneel Dasgupta, “Wage Subsidy, Cash Transfer and Individual Welfare
in a Cournot Model of the Household”

Walter Bossert and Hans Peters, “Efficient Solutions to Bargaining
Problems with Uncertain Disagreement Points”

Yongsheng Xu, “Measuring the Standard of Living — An Axiomatic
Approach”



99/23

99/24

99/25

99/26

99/27

99/28

99/29

99/30

99/31

99/32

99/33

99/34

99/35

99/36

99/37

00/1

00/2

00/3

00/4

00/5

00/6

00/7

00/8

Yongsheng Xu, “No-Envy and Equality of Economic Opportunity”

M. Conyon, S. Girma, S. Thompson and P. Wright, “The Impact of
Mergers and Acquisitions on Profits and Employee Remuneration in the
United Kingdom”

Robert Breunig and Indraneel Dasgupta, “Towards an Explanation of the
Cash-Out Puzzle in the US Food Stamps Program”

John Creedy and Norman Gemmell, “The Built-In Flexibility of
Consumption Taxes”

Richard Disney, “Declining Public Pensions in an Era of Demographic
Ageing: Will Private Provision Fill the Gap?”

Indraneel Dasgupta, “Welfare Analysis in a Cournot Game with a Public
Good”

Taradas Bandyopadhyay, Indraneel Dasgupta and Prasanta K.
Pattanaik, “A Stochastic Generalization of the Revealed Preference
Approach to the Theory of Consumers’ Behavior”

Charles Blackorby, WalterBossert and David Donaldson, “Utilitarianism
and the Theory of Justice”

Mariam Camarero and Javier Ordéiiez, “Who is Ruling Europe? Empirical
Evidence on the German Dominance Hypothesis”

Christophe Muller, “The Watts’ Poverty Index with Explicit Price
Variability”

Paul Newbold, Tony Rayner, Christine Ennew and Emanuela Marrocu,
“Testing Seasonality and Efficiency in Commodity Futures Markets”

Paul Newbold, Tony Rayner, Christine Ennew and Emanuela Marrocu,
“Futures Markets Efficiency: Evidence from Unevenly Spaced Contracts”
Ciaran O’Neill and Zoe Phillips, “An Application of the Hedonic Pricing
Technique to Cigarettes in the United Kingdom”

Christophe Muller, “The Properties of the Watts’ Poverty Index Under
Lognormality”

Tae-Hwan Kim, Stephen J. Leybourne and Paul Newbold, “Spurious
Rejections by Perron Tests in the Presence of a Misplaced or Second Break
Under the Null”

Tae-Hwan Kim and Christophe Muller, “Two-Stage Quantile Regression”
Spiros Bougheas, Panicos O. Demetrides and Edgar L.W. Morgenroth,
“International Aspects of Public Infrastructure Investment”

Michael Bleaney, “Inflation as Taxation: Theory and Evidence”

Michael Bleaney, “Financial Fragility and Currency Crises”

Sourafel Girma, “A Quasi-Differencing Approach to Dynamic Modelling
from a Time Series of Independent Cross Sections”

Spiros Bougheas and Paul Downward, “The Economics of Professional
Sports Leagues: A Bargaining Approach”

Marta Aloi, Hans Jorgen Jacobsen and Teresa Lloyd-Braga, “Endogenous
Business Cycles and Stabilization Policies”

A. Ghoshray, T.A. Lloyd and A.J. Rayner, “EU Wheat Prices and its
Relation with Other Major Wheat Export Prices”



00/9

00/10

00/11

00/12

00/13

00/14

00/15

00/16

00/17

00/18

00/19

00/20

00/21

00/22

00/23

00/24

00/25

00/26

00/27

00/28

00/29

00/30

Christophe Muller, “Transient-Seasonal and Chronic Poverty of Peasants:
Evidence from Rwanda”

Gwendolyn C. Morrison, “Embedding and Substitution in Willingness to
Pay”

Claudio Zoli, “Inverse Sequential Stochastic Dominance: Rank-Dependent
Welfare, Deprivation and Poverty Measurement”

Tae-Hwan Kim, Stephen Leybourne and Paul Newbold, “Unit Root Tests
With a Break in Variance”

Tae-Hwan Kim, Stephen Leybourne and Paul Newbold, “Asymptotic
Mean Squared Forecast Error When an Autoregression With Linear Trend is
Fitted to Data Generated by an 1(0) or I(1) Process”

Michelle Haynes and Steve Thompson, “The Productivity Impact of IT
Deployment: An Empirical Evaluation of ATM Introduction”

Michelle Haynes, Steve Thompson and Mike Wright, “The Determinants
of Corporate Divestment in the UK”

John Beath, Robert Owen, Joanna Poyago-Theotoky and David Ulph,
“Optimal Incentives for Incoming Generations within Universities”

S. McCorriston, C. W. Morgan and A. J. Rayner, “Price Transmission:
The Interaction Between Firm Behaviour and Returns to Scale”

Tae-Hwan Kim, Douglas Stone and Halbert White, “Asymptotic and
Bayesian Confidence Intervals for Sharpe Style Weights”

Tae-Hwan Kim and Halbert White, “James-Stein Type Estimators in Large
Samples with Application to the Least Absolute Deviation Estimator”
Gwendolyn C. Morrison, “Expected Utility and the Endowment Effect:
Some Experimental Results”

Christophe Muller, “Price Index Distribution and Utilitarian Social
Evaluation Functions”

Michael Bleaney, “Investor Sentiment, Discounts and Returns on Closed-End
Funds”

Richard Cornes and Roger Hartley, “Joint Production Games and Share
Functions”

Joanna Poyago-Theotoky, “Voluntary Approaches, Emission Taxation and
the Organization of Environmental R&D”

Michael Bleaney, Norman Gemmell and Richard Kneller, “Testing the
Endogenous Growth Model: Public Expenditure, Taxation and Growth Over
the Long-Run”

Michael Bleaney and Marco Gundermann, “Credibility Gains and Output
Losses: A Model of Exchange Rate Anchors”

Indraneel Dasgupta, “Gender Biased Redistribution and Intra-Household
Distribution”

Richard Cornes and Roger Hartley, “Rentseeking by Players with Constant
Absolute Risk Aversion”

S.J. Leybourne, P. Newbold, D. Vougas and T. Kim, “A Direct Test for
Cointegration Between a Pair of Time Series”

Claudio Zoli, “Inverse Stochastic Dominance, Inequality Measurement and
Gini Indices”



01/01
01/02

01/03

01/04

01/05

01/06

01/07

01/08
01/09

01/10

01/11

Spiros Bougheas, “Optimism, Education, and Industrial Development”
Tae-Hwan Kim and Paul Newbold, “Unit Root Tests Based on Inequality-
Restricted Estimators”

Christophe Muller, “Defining Poverty Lines as a Fraction of Central
Tendency”

Claudio Piga and Joanna Poyago-Theotoky, “Shall We Meet Halfway?
Endogenous Spillovers and Locational Choice”

Ilias Skamnelos, “Sunspot Panics, Information-Based Bank Runs and
Suspension of Deposit Convertibility”

Spiros Bougheas and Yannis Georgellis, “Apprenticeship Training,
Earnings Profiles and Labour Turnover: Theory and German Evidence”

M.J. Andrews, S. Bradley and R. Upward, “Employer Search, Vacancy
Duration and Skill Shortages”

Marta Aloi and Laurence Lasselle, “Growing Through Subsidies”

Marta Aloi and Huw D. Dixon, “Entry Dynamics, Capacity Utilisation, and
Productivity in a Dynamic Open Economy”

Richard Cornes and Roger Hartley, “Asymmetric Contests with General
Technologies”

Richard Cornes and Roger Hartley, “Disguised Aggregative Games”



Members of the Centre

Director

Oliver Morrissey - aid policy, trade and agriculture

Research Fellows (Internal)

Simon Appleton — poverty, education, households

Adam Blake — CGE models of low-income countries
Mike Bleaney - growth, international macroeconomics
Indraneel Dasgupta — development theory

Norman Gemmell — growth and public sector issues

Ken Ingersent - agricultural trade

Tim Lloyd — agricultural commodity markets

Paula Lorgelly — health, gender and growth

Andrew McKay - poverty, peasant households, agriculture
Chris Milner - trade and development

Wyn Morgan - futures markets, commodity markets
Christophe Muller — poverty, household panel econometrics
Tony Rayner - agricultural policy and trade

Research Fellows (External)

V.N. Balasubramanyam (University of Lancaster) — foreign direct investment and
multinationals

David Fielding (Leicester University) - investment, monetary and fiscal policy

Gote Hansson (Lund University) — trade, Ethiopian development

Stephen Knowles (University of Otago) — inequality and growth

Robert Lensink (University of Groningen) — aid, investment, macroeconomics

Scott McDonald (Sheffield University) — CGE modelling, agriculture

Mark McGillivray (RMIT University) - aid allocation, human development

Doug Nelson (Tulane University) - political economy of trade

Shelton Nicholls (University of West Indies) — trade, integration

David Sapsford (University of Lancaster) - commodity prices

Eric Strobl (University College Dublin) — labour markets

Finn Tarp (University of Copenhagen) — aid, CGE modelling

Howard White (IDS) - aid, poverty



	Suleiman Abrar
	Suleiman Abrar
	II.AGRICULTURAL POLICY AND PERFORMANCE IN ETHIOPIA
	Dual

	Table A1 Descriptive Statistics of Principal Variables Used
	
	Appendix B Estimated Elasticities:  Dual



