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Abstract: This paper estimates the responsiveness of producers for wheat, clover, summer rice and
summer maize using a vector error correction model (VECM). It is found that planned supply of these
crops is positively affected by own producer price (except clover), negatively by prices of substitute crops
and structural breaks related to changes in the economic systems. It has found significant long-run price
elasticities for all studied crop types and significant short-run price elasticities for wheat and summer
maize. Long-run elasticities ranged 0.072 to 0.140, which is very low. This could be attributed to the
severity of structural constraints that Egyptian farmers are facing. the finding that long-run elasticities are
positive, significant and less than short-run elasticities may imply the following: that it takes time before
farmers obtain information about price changes due to infrastructural problems, that farmers respond to
price changes only when they are convinced that the changes are permanent, that some resources are fixed
and take time before they can be mobilized. Planned supply was also affected by structural breaks, which
occurred in 1987-1991 its affected planned supply by causing an upward or downward shift in the supply
curves, depending on their sign. The error correction coefficients indicate that the entire percent of the
adjustment towards long-run equilibrium for the crops is less than one period, It shows that about 45%,
18%, 63% and 11% proportion of disequilibrium in supply in less than one period is corrected in the next
period to wheat, clover, summer rice and summer maize respectively.
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INTRODUCTION

Agriculture is still one of the most important sector
in the Egyptian economy in terms of contribution to
GDP 19.9%, 17.4%, 10.7% and employment creation
38.4%, 33.7%, 27.0% in 82/1983, 90/1991, 6/2007
respectively. The consideration that agriculture is
unresponsive implied that resources generated in
agriculture could be transferred to other sectors of the
economy without significantly affecting agricultural
growth. Efforts gradually to liberalize agriculture have
been initiated since 1987. Agriculture is considered and
important market and a source of raw materials
necessary for industry and food stuffs for all
population.

Liberalization of both domestic and international
trade of goods and services, liberalizations of the
relation  between owners and tenants in agriculture
land,  removing government controls on prices,
cropping areas, cropping patterns, crop procurement
delivery, quotas, eliminatory subsidies on farm inputs,
removing government constraints on private sector,
Liberalization of the interest rate since Jan. 1991,
liberalization of the exchange rate and the

establishment of a single currency market, besides
legislations were issued.

The primary objective of this study is to determine
the responsiveness of Egyptian farmers to incentive
changes by estimating supply-response functions.

There are a number of studies that have attempted
to estimate supply response of Egyptian farmers using
historical data. These studies can be criticized on two
grounds. 

The first, the modeling technique used. They
applied Nerlovian Partial Adjustment models, which are
considered weak for the following reasons. Firstly, their
inability to give an adequate distinction between short-
run and long-run elasticities [11,16] Secondly, it uses
integrated series, which poses the danger of spurious
regression[4,16]. Thirdly, the assumption that production
adjusts to a fixed target of supply, towards which
actual supply adjusts, is considered unrealistic under
dynamic conditions [13]. Fourthly, there is empirical
evidence that the dynamics of supply can be better
described by Error Correction Models (ECM) than
Partial Adjustment Models[11,16]. In this study, a VECM
is employed. This is believed to correct for major
weaknesses in past studies.
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The second, common weaknesses of past studies
are that they used proxy variables to producer prices,
they used a small number of observations in supply
response estimation, they made little or no attempt to
take into account the effects of structural breaks on
their price-elasticity estimates, and they used non-
stationary data. These aspects cast doubt on the validity
of these studies. 

In an attempt to solve these problems, a relatively
larger number of observations were used, statistical
properties of the data were studied and available
variables which are thought to be good predictors of
planned supply of wheat, clover, summer rice and
summer  maize  namely, real producer prices of own
and substitute crops, policy variables and others were
collected  from  various  sources.  It is hypothesized
in  this  study that the planned supply of wheat,
clover, summer rice and summer maize are positively
affected by own prices, negatively by prices of
substitute goods and negatively or positively by
changes in the price policy regimes depending on the
nature of the changes. 

The Data and Variables: The data set begins in 1982
ends in 2006. It was obtained from the following
sources: ministry of agriculture and land reclamation,
international monetary fund (IMF) and international
Financial Statistics. Several variables predict
agricultural supply. Considering the problem with the
quantification of some of these variables, long-run
supply response is estimated using variables indicated
in equation 1 below.

C Yt = α0 + α1 Yt-1 + α2 P1t + α3 P2t + α4 Tt + α5 Dt
+  α6 TDt + gt           (1)

Where:

C Yt is the dependent variable representing cultivated
area at time t. Cultivated area is preferred to
output for the reason that the latter fails to reflect
planned production decisions of farmers.

C Yt-1 is the independent variable representing
cultivated area at time t-1. Cultivated area at time
t-1 is preferred to Expected Cultivated area at time
t. 

C P1t-1 represents a vector of own prices. It is
calculated by dividing the nominal producer price
of the crop in equation by the GDP deflator
(Estimates of Implicit Price Deflators at current
prices in US Dollars (Index numbers 1990 = 100).
P1t-1 is expected to have a positive sign and it is
interpreted as the long run price elasticity of
supply.

C P2t-1 is a vector for the real producer price of
competing outputs. P2t-1 measures the opportunity
cost of producing other crops. Wheat and clover
compete for land. The same is true with summer
rice and summer maize due to similarities in
planting seasons. Therefore, wheat is considered a
substitute to clover while summer rice and is to
summer maize and vice versa. The effects of
changes in own prices on quantity supplied are
represented by movements along the same supply
curve, whereas changes in the producer prices of
competing crops are expected to cause increase or
decrease in supply (or shift in supply curve),
depending on the direction of change in the price
of the competing crop.

C Tt stands for time trend. Historical data on
infrastructural developments, expenditure on
agricultural research and extension, applications of
modern techniques like fertilizers and improved
seed varieties on crop basis are hardly available.
Therefore, these variables cannot be easily
represented in the acreage supply-response
equations directly and individually. Rather, an
attempt is made to capture their effects collectively
by introducing time-trend variables in the long-run
equations of each crop.

C TDt and Dt stand for structural breaks. These are
in line with Newbold et al14 systematic method of
identifying and also capturing the effects of
exogenous variables on the parameter estimates.
The inclusion of these variables in the regression
equation has the advantage of salvaging the whole
exercise from the celebrated ‘Lucas critique’ which
states that Ordinary Least Square (OLS) estimates
cannot be assumed to be independent of changes
in the exogenous variables10. The method enables
the analyst to detect and also evaluate exogenous
variables, which, among others, could result from
transitions to new policy regimes. This was
achieved by examining series of residuals from the
fitted models of long-run equations and by
identifying cases where the absolute values of the
residuals exceeded two standard deviations. Each
break date (i.e. T) identified in this way is
represented by a pair of dummy variables (see
equation 2&3). 

C Dt   = 1  if  T > 1991, and 0 otherwise      (2)
C Dt   = T if T > 1991, and 0 otherwise        (3)

The change to a free market economic system in
1991 strengthened the reform process that was started
in the 1987's by initiating macro-economic policy
reforms.
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MATERIALS AND METHODS

Measuring Agricultural Supply Response:
Nerlove’s[12] partial adjustment model is an earlier
version of an econometric approach used in measuring
agricultural supply response for a single commodity.
This model is used to capture agricultural supply
response to price incentives. The general static supply
function has the form:

C Yt = n0 + n1 Pt-1 + n2 Tt + υt                  (4)

Where: Yt is the expected long-run equilibrium
output level at time t; n0 is the constant term; n1 is the
long-run supply response; Pt-1 is the output price at
time t-1; n2 is the coefficient of linear deterministic
time trend T and finally υt is the independently
normally distributed error. The dynamic adjustment
supply response equation is presented by equation 5:

 (5)* * *
t t 1 t t 1Y Y λ(Y Y ) where 0 λ 1− −− = − < ≤

Where:  is the expected output level at time t, and*
tY

λ is the coefficient of expectation about price or
elasticity if variables are in logarithm[12]. Therefore,
substituting equation 4 into 5 gives

 = λn0 + λn1 Pt-1 + (1-λ) + λn2 Tt + λυt   (6)*
tY *

tY

Where: λln1 captures the short-run price elasticity.
Nerlove proposes that if producers have “static”
expectations and if supply depends on expected
“normal” prices or prices of the preceding year, then
the coefficient of expectation, namely l in equation (5),
is λ. If this is the case producers do not immediately
adjust their production decisions to changes in prices
observed in period t, such that:

Yt =  = n0 + n1 Pt-1          (7)*
tY

Even when λ is less than 1, the fluctuation in
expected output level is less than the fluctuation in the
observed output level such that the actual change in
output level between period t and t-1 is only a fraction
of the change required to achieve the expected output
level. In that case the only condition for observing
significant differences between short-run and long-run
elasticities is the introduction of non-static assumptions.
Therefore, Nerlove’s proposition is flawed, since
studies that have employed it have mostly found low
values, or even zero long-run price elasticity of
agricultural  supply.  The  method  assumes  that  the

difference between current and long-run planned
outputs is eliminated, i.e. it assumes that farmers are
not  forward  looking  in  their production decisions.
It also lacks the capacity to measure the effect of non-
price factors such as rural infrastructure and credit. 

Due to these limitations the Error Correction
Model (ECM) with co-integration analysis is favored
over the Nerlove method. It not only overcomes the
restrictive dynamic specification of the Nerlove method,
but also captures the forward-looking behavior of
producers optimizing their production in dynamic
situations. ECM is used to analyze non-stationary time
series that are known to be co-integrated. It assumes
co-movement of the variables in the long run. The
general ECM is of the form:

ΔYt = n0 +     αiΔYt-i -λ (Yt-1 –      nj Xt-j) + n2 Tt +
i
∑

j
∑

υt          (8)

Where: D is the deference operator such that.  ΔYt =
Yt – Yt-1, αi and nj are respectively vectors of short-run
and long-run supply elasticities with respect to factor
j. Y's are the (assumed) co-integrated time series
variables (including pervious supply levels Yt-i and
explanatory variables Xt-j). 

Co-integration analysis can be carried out with the
Johansen or Engle-Granger test approaches. The
conditions and general characteristics of the approaches
are discussed in the next sections.

Engle-granger Approach to Co-integration Analysis:
The Engle-Granger test for co-integration (Engle &
Granger)2 involves estimating a static Ordinary Least
Square (OLS) model where all variables enter at levels.
Usually the OLS of this equation shows a high
adjusted R2 with a very low Durbin-Watson statistic,
which indicates significant evidence of serial correlation
in the residual, ut. To test for the co-integration of the
series, the residual ut is expected to be stationary, i.e.
having a unit root. In the “spurious” OLS regression,
the t-statistics cannot be used to test hypothesis,
because the variables are not stationary in levels.
Subsequently the Augmented Dicky-Fuller (ADF)
regression of the form is fitted to test 

Δυt = δ0 υt + δi Δυt-k         (9)
k

i 1=
∑

for  stationarity  of  the  residual  υt. of equation (4).
If there is evidence of unit root, i.e. the residual is
stationary, and then there is evidence of co-integration
of  the time series in equation (8). K is an arbitrarily
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chosen lagged period until the residual is found
stationary when δi is significantly different from zero.
Then n in equation (8), which is the parameter
estimate of long-run supply elasticity, may be
interpreted as the co-integrating parameter from linear
combination of the series. However, vector error
correction representation may result from this co-
integration. This error is subsequently corrected by
using the residual υt. To estimate an VECM of the
form:

ΔYt = n0 +  nj ΔXt-j - λυt        (10)

Banerjee, Dolado, Hendry and Smith[1] critique the
Engle-Granger approach because the estimate of the co-
integrating parameter from the static regression
equation (4) could be subject to small sample bias.
They argue that this can be overcome by estimating the
ECM in dynamic form by replacing residual ut with the
lagged variables (Yt-1 – Xt-1) and Xt-1 resulting in the
following unrestricted regression:

ΔYt = n0 + αt-nΔXt-n-λ1n(Yt-n - n Xt-n) +λ2nXt-n     (11)

Where: α is the short-run elasticity of supply and λ2 is
the dynamic adjustment of supply. λ1 is the coefficient
of the error/equilibrium correction term of the co-
integration equation, which presents the period to adjust
to the long-run equilibrium. λ1 must be negative and
significantly different from zero7. Being negative
implies that if there is a deviation from the current and
long-run levels; there would be an adjustment back to
the long-run equilibrium in subsequent periods to
eliminate the disequilibrium.

If n is significant, the ECM captures the
speculative behaviour of producers, otherwise the ECM
reduces to the Nerlove partial adjustment model. It
should be noted that while static co-integration
regression predicts the level of supply, the vector error
correction regression predicts the changes so that the
variation in the supply is necessarily higher. The new,
corrected co-integration parameter estimate (long-run
elasticity), n*, is computed as[5]:

                          if the fraction is negative  (12)* 2n 2n

1n 1n

λ λ1
λ λ

orϕ = −

The Engle-Granger approach to co-integration is
suited to bivariate relationships.

Johansen Approach to Co-integration Analysis: The
Johansen[8] test of co-integration involves estimating
vector error correction models (VECM) of the form:

ΔYt = n0 + αiΔYt-i+ δΔt+ n2 Tt - λgt-1 + υt  (13)
i
∑

Where gt-1= ln Yt-1 - βiYt-i  (error/ equilibrium
i
∑

correction term).

Dt is a vector of stationary exogenous variables; d
is vector of parameters of exogenous variables; l is the
coefficient of error correction term gt-1. 

The Johansen method provides two likelihood ratio
tests, namely the Trace and the Maximum Eigen Value
statistic tests, which are used to determine the number
of co-integrating equations given by the co-integration
rank r. A co-integration equation is the long-run
equation of co-integrated series. The Trace statistic
tests the null hypothesis of r co-integrating relations
against the alternative of k co-integrating relations,
where  k  is  the  number  of  endogenous variables
for r = 0, 1,..., k – 1. The Maximum Eigen Value
statistic tests the null hypothesis of r co-integrating
vectors against the alternative of r+1 co-integrating
vectors.

When the co-integration rank r is equal to 1, the
Johansen single equation dynamic modeling and the
Engle-Granger approaches are both valid. When r
equals 1, the normalization restriction for the
parameters produces a unique estimate of what the
economic theory suggests[3]. However, when there is
more than one co-integration equation the Johansen
approach to co-integration analysis is preferred to the
Engle-Granger approach[9].

Method of the Study: Co-integration and vector error-
correction techniques are applied in this study. These
techniques are believed to overcome the problem of
spurious regressions and to give consistent and distinct
estimates of long-run and short-run elasticities that
satisfy the properties of the classical regression
procedure. This is because all variables in an ECM are
integrated of order zero, I (0). Spurious regression and
inconsistent and indistinct short-run and long-run
elasticity estimates are major problems exhibited by
traditional Adaptive Expectation and Partial Adjustment
models[6,11]. 

One major use of the co-integration technique is to
establish long-run equilibrium relationships between
variables. However, two conditions must be met for co-
integration to hold. First, individual variables should be
integrated of the same order. Second, the linear
combination of these variables must be integrated of an
order one less than the original variables [2]. 
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In other words, if the variables under consideration
are integrated of order one, or I (1), the error term
from the co-integrating relationship should be integrated
of order zero, I (0), implying that any drift between
variables in the short run is temporary and that
equilibrium holds in the long run.

If deviation from the long-run equilibrium path is
bounded or co-integration is confirmed, Engle &
Granger[2]  show that the variables can be represented
in a dynamic error-correction framework. Therefore, in
this paper, like similar studies elsewhere, supply
response is modeled in two stages. First, a static co-
integrating regression given by equation 1 is estimated
for each crop and tests for co-integration are
conducted. Second, if the null for no co-integration is
rejected, the lagged residuals from the co-integrating
regression are imposed as the error correction term in
a vector error correction model. A VECM model for
one crop is shown below:

ΔYt = β0 + β1ΔDYt-1 + β2 ΔP1t-1 + β3 ΔP2t-1 + β4 ΔTt +
β5  ΔDt + β6 ΔTDt – λ (Yt - α0 - α1 Yt-1 - α2 P1t-1 - α3
P2t-1 - α4 Tt - α5 Dt - α6 TDt) + jt                  (14)

Where: D represents first difference (by using first
difference method), l measures the extent of correction
of errors by adjustment in Yt, b2 measures the short-run
effect  on  supply  of a percent change in own price
(or short-run price elasticity of supply) while a1
measure the long-run price elasticities.

RESULTS AND DISCUSSION

Order of Integration: The test for the order of
integration is the first step in any co-integration
analysis. If a series is integrated, it accumulates past
effects. This means that perturbation to the series does
not return to any particular mean value. Therefore, an
integrated series is non-stationary. Order of integration
of such a series is determined by the number of times
that it should be differenced before it is actually made
stationary. It follows that if two or more series are
integrated of the same order then a linear relationship
can be estimated. Examining the order of integration of
this linear relationship is similar to testing for the null
hypothesis that there is no co-integration against its
alternative that there is co-integration. In this section,
an attempt is made to determine the order of
integration of the variables. This is followed by the test
for co-integration in section 4.2.

Table (1) shows that all acreage variables are
integrated of order 1 or I (1), in the non-trended and
trended models. Own prices of the crops under study
are I (1) in the non-trended models and trended models
except own price clover. Real producer prices of the

crops under study are I (1) in the non-trended and
trended models except real producer price wheat.

If the inconclusive results to any variable, then was
dealt by using difference of the series data. This is in
line with literature that differences, even though the
true data generating process is stationary, has little
consequence on the consistency of parameter estimates
compared  to  working  with levels while the true
data-generating  process is difference stationary[10].
What differences does to data, which is already a
stationary process, is to create a moving average error,
and hence, inefficient estimates, which can be corrected
by estimating the difference equation using an OLS
technique. But if data in levels are wrongly considered
stationary, then the model without difference, its
likelihood of violating the assumptions of classical
regression  procedure  is  very  high. These results
from  an  over  time  increase in the variance of
errors.  Therefore, it is a widely accepted view that it
is  best,  with  most economic time series, to work
with  differences  data  rather than data in levels[15].
The consequence of differences leads to loss of
information on the long-run relationships among
variables, which can be handled by estimating an
VECM. Test results on ADF tests on the difference
series for all variables are reported in Table (1).
According to the results obtained, all are non-stationary
processes, or I (1).

Co-integration: Test results for the order of integration
of series in section 4.1 showed that all of the series are
integrated of order one or I (1). The main objective of
this section is to test for the stationarity of the linear
relationship of these variables or to determine whether
the variables are integrated of order zero, or in short,
whether they are co-integrated. If co-integration is
confirmed, a non-spurious long-run equilibrium
relationship exists. When this is combined with VECM,
whose variables are I (0), consistent estimates of both
long-run and short-run elasticities is evident.

Two  tests,  one  residual-based, proposed by
Engle & Granger[2] and the second reduced rank
procedure of Johansen[8], were employed to test for co-
integration. The residual-based procedure is known as
a single-equation approach. It assumes that the
variables in the long-run equation are all I (1) and tests
whether  the error term in equation 1 is I (1) against
the alternative that it is I (0). The Johansen reduced-
rank  approach, on the other hand, is a system
approach in the sense that it tests for the existence of
a more than one co-integrating relationship. In this
study, the constant and the trend variables in the
Johansen procedure applied were set unrestricted,
meaning that they were not forced to lie in the co-
integration space only. 
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Table 1: Unit root (ADF) test statistic for variables.
Variable name ADF test with intercept Prob. ADF test with intercept & trend Prob.
Ln wheat cultivated area (t) -0.765 0.810 -1.857 0.643
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln wheat cultivated area (t) -3.205 0.033 -3.174 0.115
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln wheat cultivated area (t-1) -0.699 0.827 -1.883 0.629
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln wheat cultivated area (t-1) -3.013 0.050 -3.013 0.152
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln own price wheat (t-1) -1.562 0.485 -2.129 0.503
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln own price wheat (t-1) -3.075 0.044 -3.126 0.126
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln real producer price wheat (t-1) -3.546 0.016 -3.165 0.117
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln real producer price wheat (t-1) -2.913 0.061 -3.872 0.033
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln clover cultivated area (t) -2.015 0.279 -2.917 0.176
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln clover cultivated area (t) -3.701 0.012 -3.616 0.052
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln clover cultivated area (t-1) -1.641 0.446 -2.759 0.225
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln clover cultivated area (t-1) -2.551 0.118 -2.359 0.388
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln own price clover (t-1) -3.475 0.019 -3.289 0.094
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln own price clover (t-1) -2.964 0.055 -3.675 0.047
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln real producer price clover (t-1) -2.104 0.245 -2.123 0.506
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln real producer price clover (t-1) -3.141 0.039 -3.790 0.038
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln summer rice cultivated area (t) -0.668 0.836 -2.200 0.467
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln summer rice cultivated area (t) -5.261 0.000 -5.118 0.002
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln summer rice cultivated area (t-1) -0.763 0.810 -2.121 0.507
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln summer rice cultivated area (t-1) -5.053 0.001 -4.886 0.004
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln own price summer rice (t-1) -1.550 0.490 -2.916 0.177
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln own price summer rice (t-1) -4.457 0.002 -4.324 0.013
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln real producer price summer rice (t-1) -0.888 0.773 -1.774 0.682
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln real producer price summer rice (t-1) -2.450 0.141 -2.446 0.348
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln summer maize cultivated area (t) -1.513 0.509 -2.381 0.379
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln summer maize cultivated area (t) -4.492 0.002 -4.364 0.012
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln summer maize cultivated area (t-1) -1.215 0.649 -2.449 0.347
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln summer maize cultivated area (t-1) -4.003 0.006 -3.873 0.032
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln own price summer maize (t-1) -0.792 0.802 -1.935 0.603
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln own price summer maize (t-1) -2.598 0.109 -2.520 0.316
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ln real producer price summer maize (t-1) -1.739 0.399 -2.281 0.426
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Δ Ln real producer price summer maize (t-1) -4.537 0.002 -4.962 0.004
The gray is significant.
Δ = first difference
Source: calculated from: ministry of agriculture and land reclamation Statistics and IMF, International Financial Statistics.
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Table 2: Co-integration tests.
Johansen Co-integration test

Crop ADF Test ------------------------------------------
------------------------ Critical Value Critical Value
Without With Hypothesis Rank Max-Eigen ---------------------- Trace --------------------
trend trend Statistic 5% 1% Statistic 5% 1%

Wheat 38.95*** 28.20*** H0:r=0;H1:r>0 None 37.51 27.07 32.24 76.90 47.21 54.46
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

H0:r=1;H1:r>1 At most 1 32.08 20.97 25.52 39.39 29.68 35.65
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

H0:r=2;H1:r>2 At most 2 7.30 14.07 18.63 7.30 15.41 20.04
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

H0:r=3;H1:r>3 At most 3 0.00 3.76 6.65 0.00 3.76 6.65
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Clover 39.80*** 29.57*** H0:r=0;H1:r>0 None 36.45 27.07 32.24 76.56 47.21 54.46

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
H0:r=1;H1:r>1 At most 1 31.98 20.97 25.52 40.11 29.68 35.65

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
H0:r=2;H1:r>2 At most 2 8.14 14.07 18.63 8.14 15.41 20.04

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
H0:r=3;H1:r>3 At most 3 0.00 3.76 6.65 0.00 3.76 6.65

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Summer 61.06*** 42.78*** H0:r=0;H1:r>0 None 28.75 27.07 32.24 53.74 47.21 54.46
Rice -----------------------------------------------------------------------------------------------------------------------------------------------------------------------

H0:r=1;H1:r>1 At most 1 16.04 20.97 25.52 24.99 29.68 35.65
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

H0:r=2;H1:r>2 At most 2 8.95 14.07 18.63 8.95 15.41 20.04
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

H0:r=3;H1:r>3 At most 3 0.00 3.76 6.65 0.00 3.76 6.65
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Summer 53.81*** 38.38*** H0:r=0;H1:r>0 None 42.11 27.07 32.24 74.19 47.21 54.46
Maize -----------------------------------------------------------------------------------------------------------------------------------------------------------------------

H0:r=1;H1:r<1 At most 1 25.44 20.97 25.52 32.08 29.68 35.65
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

H0:r=2;H1:r>2 At most 2 6.64 14.07 18.63 6.64 15.41 20.04
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

H0:r=3;H1:r>3 At most 3 0.00 3.76 6.65 0.00 3.76 6.65
The gray is significant.
Variables: Yt,= f(Yt-1, P1t-1, P2t-1, Tt, Dt, TDt)
***=significant at 1%; **=significant at 5%.
Source: calculated from: ministry of agriculture and land reclamation Statistics and IMF, International Financial Statistics.

From Table (2), the trace statistic shows that only
the null hypothesis of at most one co-integration
equation cannot be rejected at 5% significant level with
the assumption of linear deterministic trend in the
series. The statistical evidence of co-integration
supports the theory of long-run equilibrium between
supply and independent variables. It also supports one
co-integration relation between the series and hence the
decision regarding one co-integration equation. 

The Johansen co-integration approach was adopted,
as  there  was  evidence  of one co-integrating
equation from the Johansen co-integration test (see
Table 2).

The two approaches are used in this study only to
support evidence on the long-run equilibrium
relationships among variables. Results are reported in
Table (2). According to Table (2), both the residual-
based and the Johansen test procedures indicate the
existence of co-integrating relationships between
planned supply and the variables that predict it. This is
the first step in supply-response model.

Vector Error Correction Model: After long-run
relationships  between  cultivated area and the
variables predicting it are confirmed, VECM is
developed. Results are reported in Table (3). According
to Hallam & Zanoli [6], a high R[2] in the long-run
regression  equation  is necessary to minimize the
effect  of  small  sample bias on the parameter
estimates  of  the  co-integrating  regression, which
may  otherwise  be  carried over to the estimates of
the vector error-correction model. The models are
chosen on the basis of the following criteria: data
coherence, parameter consistency with theory and
goodness  of fit. According to results from the short-
run  model  (top  of Table 3), planned supply of
wheat, clover, summer rice and summer maize are
affected  positively  by  own  prices  except  for
clover  but  negatively  by  prices  of  substitute
goods. The prices elasticities in the short run are 0.314
and 0.418 for wheat and summer maize respectively;
where the substitutes prices are -0.014 and -0.282 for
clover and summer maize respectively, both own prices
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Table 3: Vector error correction model results.
Variables Wheat Clover Summer Rice Summer Maize

         Short Run
Constant 0.121*** 0.031 -0.048 -0.133**
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics  [2.54] [1.02] [-0.93] [-2.28]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Yt-1 -0.083 0.511** -0.544*** -0.260*
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [-0.38] [2.27] [-2.53] [-1.40]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P1t-1 0.314*** -0.009 0.108 0.418***
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [ 2.56] [-0.57] [0.98] [3.85]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P2t-1 -0.105 -0.114* -0.210 -0.282***
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [-0.65] [-1.47] [-1.05] [-3.40]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dt 1.198** 0.657* -1.482** 0.323***
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [ 2.16] [1.55] [-2.02] [3.45]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
DTt -0.121** -0.043 0.131** -0.039***
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [-2.44] [-1.10] [1.89] [-4.00]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Error(-1) -0.449* -0.184** -0.677** -0.109**
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [-1.66] [-1.72] [-2.24] [-2.07]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
R2 0.736 0.627 0.751 0.752
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F 2.509 1.853 3.321 6.498

         Long Run
Constant 2.123** 3.271** 7.232*** 6.250***
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [1.74] [1.99] [4.07] [3.71]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Yt-1 0.632*** 0.618*** -0.072 0.136
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [3.66] [3.12] [-0.31] [0.61]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P1t-1 0.134** -0.026* 0.072* 0.140*
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [1.73] [-1.63] [1.71] [1.58]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P2t-1 -0.023 -0.089 -0.091 -0.113
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [-0.84] [-1.01] [-0.44] [-1.08]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tt 0.035* 0.021 0.012 0.022
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [1.39] [1.07] [0.42] [1.16]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dt 0.218 0.220* 0.214 0.315**
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [1.05] [1.41] [1.10] [2.01]t
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 3: Continued
DTt -0.029* -0.019 0.004 -0.020*
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-statistics [-1.41] [-1.16] [0.18] [-1.42]t
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
R2 0.972 0.786 0.889 0.735
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F 98.979 10.419 22.781 7.860
P1t-1= is own price elasticity; P2t-1= is cross price elasticity; Tt = time trend; TDt and Dt structural breaks.
***=significant at 1%; **=significant at 5%; *=significant at 10%.
Source: calculated from: ministry of agriculture and land reclamation Statistics and IMF, International Financial Statistics.

Table 4: Long and short run elasticities.
Price Elasticity Coefficients

Equatons --------------------------------------------------------------------------------------------------------------
Long run Short run

Wheat 0.134** 0.314***
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Clover -0.026* -0.009
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Summer Rice 0.072* 0.108
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Summer Maize 0.140* 0.418**
****=significant at 1%; **=significant at 5%; *=significant at 10%.
Source: calculated from: ministry of agriculture and land reclamation Statistics and IMF, International Financial Statistics.

and prices of substitutes of the other crops are
insignificant. The insignificant price elasticities for the
remaining crops can be attributed to infrastructural
factors, namely, technological constraints, credit
constraints, poor marketing situations, lack of physical
infrastructure and many more.

It has been also found that planned supply is
significantly affected by economic policy changes,
which resulted in the leftward (summer rice) or
rightward (other crops) shift of supply. The error
correction terms in each equation have gives the
expected negative sign and is statistically significant.
However, the rate of adjustments towards the long-run
equilibrium of each crop occurs, with almost 45%,
18%, 63% and 11% for wheat, clover, summer rice and
summer maize respectively; correction occurring in the
current period. The amount is significant and highly for
wheat and summer rice. This confirms the long-run
equilibrium between the series. However, it shows that
about 45%, 18%, 63% and 11% proportion of
disequilibrium in supply in less than one period is
corrected in the next period to wheat, clover, summer
rice and summer maize respectively. Own producer
price, price of substitute (real producer), D and DT
together accounted for over 74%, 63%, 75% and 75%
of the variation in the cultivated area of wheat, clover,
summer rice, summer maize respectively 

The long-run supply response model is given in the
bottom half of Table (3). According to results obtained,
own producer price, price of substitute (real producer),
trend and the break variables (D and DT), together
account for 97% of the variation in planned wheat
supply. All variables in this equation have the expected

signs. Supply of wheat is positively affected by its own
producer price, negatively by the price of its substitute
(i.e. clover), positively by the break variable (D) and
the time trend variable, negatively by the break
variable (DT). Of these variables, own producer price,
the constant term, the time trend (T) and the break
variable (DT) respectively, are significant at the 5%,
5%, 10% and 10% levels.

Own producer price, price of substitute (real
producer), trend and the break variables (D and DT),
together account for 79% of the variation in planned
clover supply. All variables in this equation have the
expected signs except own producer price. Supply of
clover is negatively affected by its own producer price
and the price of its substitute (i.e. wheat), positively by
the break variable (D) and the time trend variable,
negatively by the break variable (DT). Of these
variables, own producer price, the constant term and
the break variables (D) respectively, are significant at
the 5%, 10% and 10% levels.

Own producer price, price of substitute (real
producer), trend and the break variables (D and DT),
together account for 89% of the variation in planned
summer rice supply. All variables in this equation have
the expected signs. Supply of summer rice is positively
affected  by  its  own  producer price, negatively by
the price of its substitute (i.e. summer maize),
positively by the break variable (D, DT) and the time
trend variable. Of these variables, own producer price
and the constant term respectively, are significant at the
1% and 10% levels.

Own producer price, price of substitute (real
producer), trend and the break variables (D and DT),
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together account for 74% of the variation in planned
summer maize supply. All variables in this equation
have the expected signs. Supply of summer maize is
positively affected by its own producer price,
negatively by the price of its substitute (i.e. summer
rice), positively by the break variable (D) and the time
trend variable, negatively by the break variable (DT).
Of these variables, own producer price, the constant
term, the time trend (T) and the break variable (DT)
respectively, are significant at the 10%, 1%, 5% and
10% levels.

It is interesting to note that breaks, which represent
toward changes in the economic systems, shift supply
of wheat, clover, summer rice and summer maize by
approximately 0.22, 0.22, 0.21 and 0.32 to the right
respectively.

Table (3) and (4) further shows that a 10%
increase in the own producer price of wheat, clover,
summer rice and summer maize leads to 1.34%, 0.72%
and 1.4% expansion of cultivated area of wheat,
summer rice and summer maize respectively; and
0.26% decrease in cultivated area of clover. further
shows that a 10% increase in the real producer price of
clover, wheat, summer maize and summer rice leads to
0.23%, 0.89%, 0.91%, and 1.13% decrease of
cultivated area of wheat, clover, summer rice and
summer maize respectively.

Conclusions: In this study, factors that explain long-
run and short-run supply response of wheat, clover,
summer rice and summer maize production are studied.
It was found that planned supply of these crops is
positively affected by own producer prices except
clover and negatively by real producer prices of
substitute except clover. This occurred in both the
short-run and in the long run. These findings rule out
the applicability of perverse supply response in
Egyptian agriculture. 

Except for wheat and summer maize, short-run
price  elasticities  are  not  significant for the
remaining  crops. Long-run price elasticities are
positive (except clover) and significant. Long-run
elasticities ranged between 0.072 to 0.140, which is
very low. This could be attributed to the severity of
structural constraints that face Egyptian farmers. The
finding that long-run price elasticities are positive
except clover and significant supports the expectation
that farmers respond to incentive changes. In addition,
the finding that long-run elasticities are positive,
significant and less than short-run elasticities may
imply the following: that it takes less time before
farmers obtain information about price changes due to
infrastructural problems, that farmers respond to price

changes when they are caused that the changes, that
some resources aren't fixed and don't take time before
they can be mobilized. 

Planned supply was also affected by structural
breaks, which occurred in 1987-1991 its affected
planned supply by causing an upward or downward
shift in the supply curves, depending on their sign. The
error correction coefficients indicate that the entire
percent of the adjustment towards long-run equilibrium
for the crops is less than one period, It shows that
about 45%, 18%, 63% and 11% proportion of
disequilibrium in supply in less than one period is
corrected in the next period to wheat, clover, summer
rice and summer maize respectively.
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