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A Rational Expectations Model
of Agricultural Supply

Zvi Eckstein

Yale University and Tel-Aviv University

This work suggests a dynamic linear rational expectations modeling
strategy for using time-series observations to study the impact of
product prices on agricultural production and land allacation. The
Farmer's decision consists of specifying each period the portion of his
land to e devated to the growing of alternative crops. The dynamic
element in the farmer's problem comes from the technology. A qua-
draric production technology is used. The farmer’s optimal land
allocation decision rules are derived as linear functions of past land
allocations, expectations of future product prices, and other exoge-
nous variables; and they can be interpreted as an optimal crop rota-
tion. Assuming rational expectations and the exogeneity of prices
for a small open economy, one obtains closed-form linear regression
equations representing decision rules and stochastic processes.
These are then estimated and tested using maximum likelihood
methads and aggregate data from the Egyptian agriculture.

I. Introduction

Using antiual data, economists have suggested different theoreucal
and empirical methods to evaluate farmers’ responses to changes in
crop prices. The existence of persistent patterns of serial and cross
correlations between land allocations, production, and prices has
heen observed and debated in the economic literature for many years.

This paper is based on my 1981 Ph.D. dissertation at the University of Minnesota. |
am grateful to Anne ¢} Krueger, Lars Hansen, Thomas Sargent, Christopher Sims,
Vernon Ruttan, Rao Alyagan, Martin Eichenbaum, Wallace Hutfman, Dan Peled,
T. N. Srinivasan, and Ken Wolpin for useful comments on previaus drafts of this
paper. Camments by the referees and editor of this journal were most useful.
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The fact chat output selling price is not known when input decisions
are made and the resulting need for farmers to mzke decisions based
on expectations ot future prices have been suggested as the main
reasons for the cyclical movements of output. Early single-equation
estimates, with current output as a function of only one past price,
showed small linkage between prices and output. Later, Nerlove
(1956, 1958) showed that the static supply equation, with the assump-
tions of “partial adjustments” in actual output (land) and adaptive
expectations of the output price, gave rise to a single distributed lag
model that could explain much of the supply response to output price
changes. Askari and Cummings (1976) report more than 600 est-
mates of different versions of Nerlove’s model for many crops and
countries. Muth (1961) criticized Nerlove’s model in the light of his
rational expectations model."

In this study, an empirical model of agricultural supply is derived
from a dynamic and stochastic framework where farmers are as-
sumed to maximize the expected present value of profit by choice of
land allocations subject to a dynamic and stochastic technology as well
as uncertain price movements.” The analysis focuses on the dynamics
of crop areas and their joint movement with crop prices. In this con-
text, it is straightforward to show that rational farmers are unlikely to
interpret price fluctuations that are serially uncorrelated as signaling
4 permanent alteration in the incentives confronting them. Furcher-
more, any permanent or transitory change in taxes, subsidies, or
taritts attects the dynamic response of the cropped area, such that the
structural form of the land allocation equation varies directly with
policy rules. Consequentlv. predicrions with respect to changes in
policy require complete identification of the structural parameters
that gavern the production and the price processes (Marschak 1953
Lucas 1976).

Understanding the consequences of price movements on agricul-
tural production is ot particular importance in less developed coun-
tries. Therefore, the model is implemented using aggregate agricul-
tural data from Egypt, 1913-69. The dynamic statistical properties of
the dara were initially analyzed by the estimation of vector autaregres-
sions (VAR) that included cotton and wheat cropped areas, yields,
and prices. The results showed (1) that the percentage of forecast

' See Behrman {1968) for a detailed discussion of the issues and complete country
work that follows the Nerfovian model Mare recently, Nerlove (1479) eritically re-
viewed the traditional supply response maodel in the light of recent developments in
econamic time-series madels: e.g., Muth (1961); Lucas (1976); and Nerlgve, Grether,
and Carvalho (19749). In my dissertation (Eckstein 198 14) there is some further discus-
sion of the subject.

# This approach follows Sargent (19794, 1981) and is consistent with Schulez’s ([978,
p. 4) view on farmers’ behavior,
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error produced by a shock to prices accounted for 15-50 percent of
the total variance in land allocations and yields. Hence, price move-
ments have a significant effect on farmers' decisions. (2) A shock in
any variable causes cotton and whear areas o respond n opposite
ways and to fluctuate frequenty as they converge to their mean. Fig-
ure 1 shows this result for an innovation in the ¢otton price over the
wheat price in a particular system.* It is of interest now to find out
whether a rational expectations maodel that accounts for some techno-
logical aspects of agricultural production can interpret well the prop-
erties of the Egyptian daca.

The remainder of the paper is organized as follows: In Section 11, I
construct a model where the dynamics in the production process are

* The methodology for estimating and interpreting VAR madels was developed by
Sims (1980}, wha used it to analyze macroeconomic questions. T. Doan and R. Litter-
man's package of Regression Analysis of Time Series (RATS), version 4.1, has been
used for computations. The results from estimating several unrestricted VARs have
preceded the formulation of the models. [ estimated several different VARs and the
results turned out almost the same. Dewsiled information exists in my dissertation
(Eckstein 19814). Figure | i taken from a system of cotton and wheat ureas and yields
and the relative price (cottan price aver wheat price}.
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capable of producing a dynamic land allocation decision rule that
exhibits the “cobweb phenomenon”—frequent Auctuations in crop
areas, depicted by figure 1. In Section IIL, I present results from
maximum likelihood estimation and tests of the model. Concluding
remarks are contained in the last section.

II. A Dynamic Land Allocation Model

In this section I analyze the stechastic dynamic optimization problem
of a farmer endowed with land that can be allocated between twao
crops (e.g., cotton and wheat). The model shows that if the cultivation
of at least one crop (e.g., cotton) results in deterioration of land pro-
ductivity, the optimization yields a dynamic land allocation process
that can be estimated using aggregate time-series data.

The role of adjustment costs in affecting input decisions and output
supply has been analyzed extensively in the economics literature (e.g.,
Lucas 1967; Gould 1968; Sargent 19734) and to some extent also in
the agricultural economics literature {e.g., Nerlove 1958, 1972; Ner-
love etal. 1979). Adjustment costs in annual crop production could be
justified when land preparation of a plot has crop-specific require-
ments. When land is continuously cultivated, the issue of substitution
and complementarity effects in the production of alternative crops
becomes important. The depletion of nitrogen from the soil is an
important direct constraint on the development of land fertility and
the production of all crops. Furthermore, monoculture causes an
accumulation of crop-specific insects and worms, which have an im-
portant indirect effect on the actual crop yield from the land. Hence,
the current productivity of land for a given crop depends on the
cropping history of a plot of land."

Ta develop a simple model that contains these technological char-
acteristics, consider the following definiticns:

X, is the production of crop ¢ at time ¢
P, is the price that farmers receive for the production of
Crop i at time ¢;

* Crop rotation 15 the well-known methad to prevent the direct and the indivect
deterioration in land produciivity under coatinuous cultivation. Fertilizer and pes-
ticides are the main inputs that directly control land productivicy by building up the
content of the soil and eliminating insects and worms. For the impartince of crop
rotation and land fertility deterioration in the United States, the reader is referred o
Nerlove (1938, pp. 122-35) and the many publications on this subject by the U.S.
Department of Agriculture. [n Egypt, the case study here, Hansen and Marzouk (1965}
and Hansen and Nashashibi (1973) emphasized the crucial effect of nitrate depleton in
cotton production on the acreage allocation of all crops.
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A, is the land allocated at time ¢ — | for the production of
crop i at time ¢

A is the total available cultivated land at time ¢;

0 << B < 1 is the objective discount factor;

a; 1s the shock to production of crop ¢ at time ¢

E is the mathematical expectation operator, where £,(X) =
E(X|€Q,) and £, is the information set available for farm.-
ers at time £ and

L is the lag operator defined by the property L*X, = X, _,.

Suppose that only crop 1 (cotton) is subject to dynamic constraints in
production; therefore I can write

X, = FYA1, a1 A- 1, Arma - - - B A), (1)

where F| > 0, F} > 0, F} = 0 for all j = 3, F}, =0, K is a vector
of other (fixed) inputs, and A is the size of a given plot of cultivated
land. The negative sign of the derivative of the production of crop |
with respect to lagged allocations of land for the same crop (Fl,j=3)
is due to the assumption of deterioration in productivity with respect to
an increase in the past intensity of use of the same plot with the same
crop. The production function of crop 2 (wheat) is given simply by

Xo, = F*(Ag, ass K, A), (2)

where F? > 0, F3 > 0, and F{; = 0.° The representative farmer is
assumed to maximize his expected discounted profit in terms of the
price of crop | {cottan} by choosing a contingency plan at each period
¢ for allocating his given area (4) for the time ¢ + 1 production of the
two crops. Hence, the farmer’s objective is to maximize

A
E-ilim > 8X0, + LS 3)

MN—E o | ¢

subject to the land constraint
Ajgt+ Ay, = A (4)

and the production functions (1) and (2).° The optimization is subject
to the given levels of A(; j < 0, the well-defined joint distribution of

3 The partial derivative of F* (i = 1,2) with respect 1o the variable in the jth position
in the function is F;. The asymmetry hetween cotton (1) and wheat (2] production
technolagy is motivated by the Egypuan case, where cottan productivity 1s severely
affected by past cultivation patierns but wheat production is not.

" The chaice of the price in the numerater affects the solution ta the opumization
problent. Here I divide by £ in arder o preserve the quadratic form of the madel.



6 : JOURNAL OF POLITICAL ECONOMY

{{P4,fP 1), ay,, 29, )i= 0, and the assumed information set at the time the
decision for period t is made; i.e.,

Pﬁr—l P‘z:—?
O, = {An—L, Apimoy o Glem 1y Glym9s - - - B P
1e—1 te—t

Sec v Se—ar }

Given that certain additional regularity conditions are met, the opti-
mization problem (3) has a2 unique solution for cthe land allocation for
crop | atume ¢ that is a funcoon of the information set £, 1. Since this
paper 1s concerned with the empirical implications of the model for
aggregate data, | seek an analytical solution to problem (3). I suggest a
linear-quadratic approximation for the production function above
and the srochastic processes of the uncontrolled variables, and I as-
sume that both crops can be produced on the same plot at the same
period 4).” In particular, let (1} be specified as

A, -
X“ = (fl + a), — %A“)Au + d[(l - %

s &)Au, 5)

A
where f|, g, and d, are positive scalars. The first term represents a
standard quadratic function. The second term is meant to approxi-
mate the deterioration in land productivity. For 4, > 0, the particular
approximation suggests that if the summation of the fractions of land
from last and current periods is greater than one, then the current
average productivity of land is reduced. Furthermore, if the summa-
tion of A,/A and A,_ /A is less than ane, the current cultivation of
crop 1 is assumed to be on land that has been used for crop 1 for only
the current year. Hence, the average productivity is increased. If che
sum of A /A and A,,_ /A is equal to one, there is no linkage between
the current average productivity of land and past culuvations. Hence,
only if it turns out that A, /A = ' for all ¢t = 0 would the farmer's
problem seem to be static. Observe that if 4, < 0, the production
function (5) implies that Fs = 0:le, past cultivation with the same
crop increases current productivity. This can be explained as arising
from “high costs” of crop-specific plot preparations, which hold for
several seasons.

¥ Alternatively one may assume that each plot is rigidly defined and that it can be
used either for crop 1 ar forcrop 2. In this case the land allocation decision is a discrete
choice problem, which is not tractable and is not an ateactive deseription of the councry
aggregate ot {even) the farm dawa. Hawever, in the discrete case the production fune-
don (5) is intuitively very appealing, and if ane has micro data on the history of plots
ane may use the above approximation to the farmer problem in arder to derive a prabit
madel.
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The production function of crop 2 (wheat) is assumed to be linear:
Xor = (fo + az)Az. (6)

The specification of the madel abave is of particular interest since It
enables one to (i} derive an analytical solution o the farmer’s problem
{3); (ii) emphasize the dynamic aspects of the production function of
the main crop {(cotton}; (iii) keep the model close to the dynamic
supply model of Nerlove (1958); and (iv) show what sort of restric-
tions one should impase on the theoretical farmer’s problem in order
to justify explicitly the linear time-series econometric models thar are
widely used. The production functions (5) and (6) are very simple
approximations, but the Egyptian aggregate data did not a priori
reject the specification of the cotton production function (5)." In gen-
eral, an extended version of (5) that includes more lagged area and
other inputs (e.g., labor and fertilizer) could be specified (see the
App.), but only numerical solutions to the farmer’s problem are teasi-
ble for much more complicated models.

[f we substutute (4)—(6} nto (3), the farmer’s problem becomes:
maximize

J=E LhmZa[m +ad,, - £ 4y,

N—=20

)
4y - _
#2A - Ay - AL - Ry + RA|
N

by choice of A1g, A1y. Aa, .. .o where R, = (1/Py,} [Pyl fu + ay,)] isthe
“real” shadow price for crop 1 land allocations. The optimization is
subject ta a given level of Ay | and a given law of mation for the
stochastic processes of a,,, R,, and §8;; iL.e,,

8(L)2, = U, (8)

where Z; = (@, R, 8;); and &(L) = 1 — 8, L — 8, L% — ... — §,L*,
where 8, is a vector of n — 2 exogenous variables at time ¢ (such as
taxes, tariffs, and other variables that contain information on £;'s and
a;'s)and &;isan n X nmatrix fory = 1,..., 4 Further, U,isann x |
vector where E(U,[4 ) = 0 and E(U,U;) = %, and where 3, is a
positive semidefinite matrix. The vector stochastic process (8) is as-

* In Eckstein (19816) [ estimated it directly using aggregate data from Egypr, 1895~
1975, (Daca en prices are available anly from 1913 and have been fixed by che govern-
ment since 1968.) [ divided (5) by A, 1o get a linear yield equation with a first-order
serially correlated error (2, —see Sec. IIl). The results fram the twa-step etheient
methad af estimatian were chat (3] is significantly quadratic (e, [{g /2) + (d,/A)] = (),
the serial correlation coefficient of 4, is a significant positive fraction, and 4, is an
insignificant positive number. Furthermore, a likelihood rato test for a strucural
change in (5) after World War [ was regjected ac the 5 percent significance level.
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sumed 1o be of mean exponential order less than 1/VB, so that a
constant and a linear trend can be part of the vector S, The variables
in the vector Z, {(n X 1) are viewed as being unaffected by the farmer’s
decisions. Thus, for example, prices are assumed to be exogenously
given to the representative farmer.

Following Sargent (19794), the Euler equations of the dynamic
problem (7) can he written as
%Z}(Bxl)j[fl + dl + Eﬂ—l(a1!.+j) - E;—I(Rxﬂ')]

i=

_ )

forallt = 0,1,2, .., where i isafunctionof g, d;, A,and B, — | <
M <Oifd > 0,and 0 <A, < 1ifd; <09

For any arbitrary set of expectations, {9) implies that

A= MAG- —

aA[;
3E Ry (102)
and
aAlr
—_—— = {, [Oh
3E,(Riey) (10b)

for d, > 0. Equation (10a) is the standard result that more land is
allocated to crop | as the expected price of che season goes up. How-
ever, {10b) implies that if farmers expect thatin the following year the
price of crop 2 relative to the price of crop | is going to decrease, they
will decrease the quality of current land allocated to crop 1. This
result could be viewed as a rationale for the “cobweb phenomenon,”
that is, that the inherent dynamics in the production function cause
couon and wheat production to oscillate in response to changes in the
(rational) expected price in the future. Dynamic models with adjust-
ment coste in land allocations (4 <0 G4 imply the same resulr for (10a)
hut the appaosite sign far (10h)

‘I'he assumption of rational expectations in this model implies that
farmers maximize (7) subject to the true stochastic process of the
exogenous variables (8). Using Hansen and Sargent's ([980) predic-

¥ In Eckstein (198 14) [ prove the equivalence of prablem (7) where 4, < () with the
standard adjustment-costs problem discussed in the literature, The Nerlovian supply
response madel uses the adjustment-costs argument to justify adjustment in actual area
vis-a-vis desired land ailocations. If Tinclude more than a |-year deterioration effect in
{3}, the number of tags of land allocations in (9) will be equal to the number of years in
the cumulative dynamie factor in the praduction function (see Hansen and Sargent
19813, [£(3) is linear—ie., (g/2) + (d/A) = 0—then the opumization probler (7] is
not concave in 4, and either there is a solution where A, = A=A farallt,or A, = A
for some rand A, = 0 otherwise (“bang-bang™). [n my (194 18) dissertation I show that
with constant prices bath cases are possible, depending on the prices of wheat and
cattorn.
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uon method, we can write the optimal decision rule as a function of
varizbles in the farmer's information set at time ¢; i.e.,'

A= MAG L Fy e+ opelLIR 0+ pa(L)S

(11)
+ a(L)Se— + o0+ (L)Sh a1,
where
y = MAH + dy)
di(l — Bxy)
and
wifl) = g + i L+ ...+ p.UrLJr
foralli = 1,2,...,nandj = & Equation (1 1) is an exact closed-form

analytical solution for the farmer’s opumal land allocation decision
rule at time {. Ohserve that w’s coefficients are some nonlinear func-
ton of Ay, B, 4. and 3,'s coefficients, which expresses the restriction
imposed across the decision rule and the parameters of the stochastic
processes for variables in Z,.

The certainty equivalence property of the model implies that under
certainty the optimal decision rule (9) depends on the actual values
(perfect foresight) of ay,+;and R,+; (j = G, 1, . . .) and that under
uncertainty it depends on their conditional expected values but not
on other moments of the distributions of the random variables. Im-
posing the uncertainty on the farmer's problem is of interest here for
two reasons. First, theoretically, past exogencus variables are cor-
related with current decisions only because of the information they
contain about their future realizations (as in [11]}). Changes in the
distributions of the exogenous variables would alter the correlations
through the cross-equations restrictions. Hence, predictions with re-
spect to a permanent change in relative prices require a complete
identification of the model's parameters, even though prices are exog-
enous (Lucas 1976} Second, under uncertainty equation (11) has che
standard econometric form of distributed lag models that are esti-
mable using standard nonlinear methads. On the other hand, under
certainty equation (9) contains all future exogenous variables, and it

' Hansen and Sargent’s (1980} optimal projection for (3 given (3) and the informa-
tion set €1, _ 18

LR

a &
Z ME (o) = v [.\“S“(}\)[! + Z( Z x‘-fa,)u} - ,\-11} <z,

j=1 J=1 =gl

wherev = [, 1,00, ..., 0]isa row vector with anes in the ftrsttwo positans and zeros
in the next » — 2 positions, and where v 2, = ¢, = (2, —R,).h = A P andlisann x n
identity macrix.
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cannot provide an integrated aggregate error term for estimarion (see
Sec. [II). Therefore, it is not 2 tractable estimable equation.

In order to analyze (11} let us consider the following case. The
shocks to production (a('s) and the price (R) are serially uncorrelated
and are independent of variables that are in the information set; 4.
has zero mean and R, has a positive mean. Equaton (11} can be
written as

MA

=MNA -+ ——
Ay, A=t T Ry

- (mean of R), {12a)

and the mean of A}, Af, is

AF =Y 4 A

L=A dil = MBI — M)
For the relevant domain of d,, we obtain dA /34, < 0 and dA{/ad, <
0. Thus, increasing the rate of land deterioration decreases the area
allocated to crop 1. Equations {12a) and {12b) show that farmers
would not interpret price Aluctuations and shacks to production that
are serially uncorrelated as signaling a permanent alteration in the
incentives confronting them. Now consider the experiment of a once-
and-for-all increase in the mean of the relative price, R. Using equa-
tions (12a) and (12b} the immediate response for A, is a decrease
below the {lower} new level of A¥ and, by oscillating fluctuations,
convergence toward the new mean of A, Henee, the short-run effect
is greater than the Iong—run, and the cabweb phenomenon is, in chis
model, an optimal response to a shack in relative prices and has
nothing to do with rational price expectations. At the same rime, the
model predicts the same response to a shock as the VAR (fig. 1) using
Egyptian data on cotton and wheat. Observe that the qualitarive impli-
cation of this experiment holds in the general case as well and can
ilustrate the effects of deterministic tax (subsidy) policies on the
movements of lind allocations. Tt is straightforward to see that in
the case of adjustment costs (x; > 0 and 4, < 0}, the signs of both
the immediate and the long-run effects of the experiment are re-
tained but the magnitude of both increases. However, the short-run
effect is lower than the long-run (see Nerlove 1958) and the conver-
gence toward the mean is a downward smooth path rather than oscil-
lations as in the case where d, > 0. In general, the structure of the
stochastic process of the relative price has an important effect on the
predicted movements of land allocations due to changes in prices or
other variables that affect prices. This includes the magnitude of the
difference between the immediate response (short run) and the aver-
age change (long run) in land allocations due to changes in prices.

What are the effects of fertilizer, labor, and pesticides on the land

- (mean of R).  (12h)
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allocation decision rule? In general, if the production function of
crop 1 is separable between land and any other inputs, the decision
rale (11) stays the same. Theoreucally, one can specify a production
function that exhibits a complicated interaction between factors of
production and that includes both static and dynamic elements. Han-
sen and Sargent (1981) discuss methods for solving these types of
models.'"

Esumating the underlying parameters of the model is crucial in
understanding supply responses and the land allocation decision pro-
cess. Equation (11) is almost 4 regression equaton. 1f 1 do not observe
some of the variahles that are part of the farmer’s information set, I
can construct an error term for (11) such that it has the properties of a
regression equation. The reduced form of this equation is observa-
tionally equivalent to the traditional supply response madel of Ner-
love {1958}, since both models can be specified such that they have
identical reduced-form equations. However, the model in this paper
has a completely different interpretation of the observed pattern of
serial and cross correlations between crop areas and crop prices.'”
The traditional supply response model does not invesugate jointly the
dynamics of the production process and the dynamics of the actual
crop prices that farmers observe. The model here emphasizes the
important role of the dynamic structure of the production technol-
ogy, the informauon farmers have at the time inputs are committed to
production, and the way relative prices are moving over time, in the
determination of farmers’ response to changes in incentives.

ITII. Estimating the Dynamic Land
Allocation Model

The reason for estimating the model is to determine whether a dy-
namic rational expectations model is reliable for prediction and capa-
ble of interpreting the observed serial and cross correlations between
crop areas and prices. In the discussion above I showed that the
model can interpret oscillating fluctuations in land allocations, such as
those that arise in a VAR (fig. 1} using Egyptian data, as a rational
respanse to shocks in prices and productivity. As such, there is reason
to believe that the restrictions imposed on the data by the model will
not be rejected by a caretul use of statistical methods.

Here I present results from a maximum likelithood estimator of a

""The App. illustrates how the interaction between inputs may affect the dy-
namlc praperties of the model.
? See Sargent (1976} for a similar result with respect to macroeconomic madels. [n
Eckstein {1981a) I show how 3 simple Nerlovian model can bt perfectly well daa
genetated from a specific case of eq. (1 1).
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simple bivariate specification of the land allocation model using Egyp-
tan annual data on cotton area, cotton lint price, wheat price, and
wheat yield from [913 to 1969. Cotton and wheat are the main crops
In the Egyptian economy, and soil deterioration and insect accumula-
tion in solls under continuous cotton production are the main reasons
for crop rotation in Egyptian agriculture. During the relevant period
both cotton and wheat were internationally traded in Jarge quantities.
Hence, it is reasonable to assume that their prices are determined in
the world markets and are not Granger caused (Granger 1969) by
Egyptian production. The average area and yield of cotton and wheat
stayed almost the same over the entire period, but the annual quan-
tities show large fluctuations over time. Given the importance of ag-
riculture in the poor Egyptian economy, the characieristics of the
main crops, and the fact that most recent studies on the dynamics of
agricultural supply were of crops in less developed countries (see
Askari and Cummings 1976}, it 1s partcularly interesting to test this
model with the fairly good Egyptian data. '

As n traditional agricultural supply response models, the two vari-
ables here are the cotton crop area (A|,) and the relative price (R,).
The decision rule (11} and the vector stochastic process (8) are the
Joint equations that are estimated here. The unrestricted (reduced-
form} system of two equations (A4, R,) yields a VAR of a lag length
that is determined by the stochastic process for R, and «|,. Therefore,
an unrestricted VAR can serve as a statistically maintained alternative
to any restrictions that the theory imposes on the data. Likelihood
ratio tests of lag length for the complete unrestricted (symmetric lags)
rejected two versus four lags (marginal confidence level = 92} but
did not reject three versus four lags (marginal confidence level =
44).

Two types of identifying restrictions exist here: (i} zero restrictions,
which amount to the assumption that A, does not Granger cause R,
and (1) cross-equarion restrictions due to the rational expectations
assumption, given that 1 Is correct (see Sargent 1981}

Y Almost identical daca were used by Hansen and Nashashibi (1974, 1975) and are
available alsa in Eckstein ¢ 19815). The prices are ex-farm prices in Egypt and the areas
and vyield are national aggregates. The sources of the data are Egypt Ministry of Fi-
nance, Awnnuatre Statadique, 1909-60, and National Bank of Egypt, Economic Budleting
19448-78. Detailed discussions of the Egyptian agricultural sectar are available in Han-
sen and Marzouk (19633, Qwen (1969}, Hansen and Nashashibi {1975}, and Eckstein
(19814). Note that cotton is the main crop in production, and both the lint and the
seeds have been the main sources af export earnings for many years (since |880).
Wheat is second to cotton in production; its growing periad gverlaps cotton’s, and itis a
part of the crop ratation system that Egyptian farmers follow. Furthermare, wheat
became an important imported commadity, and substitution between wheat and cattan
in production has a direct effect on the trade balance,
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In order 1o preserve the simplicity of the model and the three-lag
VAR supported by the tests, [ assume that R, and the shocks to pro-
ductvity {a;,) have the following autoregressive processes: 14

[R{ =ag + R + aaR_s + uf (13)

- 4
By = P@i—1 T YU,

where it is assumed that |p| < 1 and the roots of |1 — o,z — ayz”| = 0
are ouiside the unit circle.

Using the farmer’s land allocation decision rule (11), and given that
ay, 15 not observed, I can write the VAR for 4, and R, as

Ay Mo e Pt AL At
= + WAR +
R, ay, Tty 0 o R,_,
(14}
—oht e — ppy| [Av-g 0 —pwa| |Au-a €1
. + + :
0 Qo Ri,_s 0 0 Ry,_» €9,

where WAR represents dummies for the Second World War (1941—
45)." g contains several deterministic (time-independent) elements
from the decision rule (11) that cannot be identified separacely, €, =
mau®_y, and €, = uf wy, we, and g, defined in (15), contain the
restrictions across the equartions in (14) and represent the implications
of the rational expectations hypothesis:'®

_ Rl ! o) + O:QA. i
Be = F(]. - C![R - OE))\)
Ri Oy -
y == 2 1
= ¢ (l —ah - rxz)\‘) (19)
- M P
Hs P ( I — pA ).

where d = d/A. Here €, = (€|, €2,)" is the vector of innovations that is
assumed ta have a bivariate normal distribution with E(ee)) = V.!7

"R, = wheat price x wheat yield x {l/cotton lint price).

'* The Secand World War caused exogenous limitations on trade and altered the
level of wheat and cottan praduction. Ta capture this effect a dummy was introduced
ta the empirical specifications.

" See n. L0 for the method.

'¥ Equation 13 is 1 particular specificatian far eq. (8]. The lag order in the R, process
is supported by estimating univariale autoregressive processes. Strategies for estimat-
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Hence, estumators of the vector of free parameters 8 = {A|, 4, p, o,
ay, Gy, K, W, wWeb 13 obtained by maximizing the likelihood function
with respect to 8. Let 1, = ({y,, {3,)" be the sample residual vector for a
given value of the parameter vector 8. Then the concentrated log-
likelihood function of the sample of observations on the residuals
over ¢t = |, ..., Tis (see Sargent 1978)

T
L®) = —Tllog () + 1 — log T] — '4T log ‘Z 1,(0)15(0;". (16)
r=1

Equation (16) is maximized with respect to 8, where 1,(8} is defined
by (14) and (15) for each observation.'® Observe that (14) has 1!
nonzero regressors while the vector @ has only nine free parameters.
Hence, there are two overidentifying restrictions that are imposed by
theory as implied by (15}. These restrictions as well as the a priori zero
restrictions are tested using conventional likelihood ratio tests.

The estimated parameters (see table [} of the model satisfy the
restrictions that the model imposed on the farmer's problem; that is,
Nl < L ]p] < 1, the roots of || — a z — agz?| = 0 are outside the unit
circle, and the sign of 4 is opposite to the sign of A,. The values of x,
and 4 are consistent with adjustment cost effects in production and
are not compatible with the simple specification of the soil fertility
deterioration in cotton production. In the Appendix I show that the
interaction between land and terulizer may affect the dynamics of the
land allocations decision in such a way thac if data on ferdlizer are
omitted A, may be positive. Thus, the traditional omitied-variable
argument may explain the signs of A and 4}, maintaining the hy-
pothesis of soil ferulity deterioration in cotton. Using the estimated
parameters [ can calculate the response of land allocations to a per-
manent ar temporary change in prices. The long-run supply elastic-
iy, that is, the percentage change in the mean of A divided by the
percentage change in the mean of R, 1s equal to —.13; and the im-
mediate effect of an expected change in R, (short-run elasticity) has a

ing this type of model are discussed in Sargent (1974), Hansen and Sargent (1980, and
Wallis (1980). The time damain full-infermation maximum likelihood is the most con-
ventional method for multivariate nonlinear models. [t turns out that for our model
this methad is also compurationally more ethcient than frequency domain approxima-
tions of the likelihood function, In Eckstein (19815) a four variate madel has been
estimated using frequency domain approximations to the likelihood function.

' The maximization was done using the vep algorithm from the cgoer package of
Princeton University. The complicated nonlinear structure of the model implies na
gain from writing the analyucal Arst and second derivatives; hence, I used the deriva-
uve-free methad. | maintained a 10-digit accuracy level and checked for ather local
maxima in “the neighborhood.” [ do not report the asymprotic standard ecrars of our
estimators since the Hessian, at the maximum, was not negative definite. The computer
program had been tested using a Monte Carlo experiment of the same madel that [
estirnated.
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TABLE |

Estrrvarel PARAMETERS OF THE Lanp ALLacaTion Mober

ko= O8] te = LAKLO3Z
d = —.008 oy = 3.79
a, = 524 w, o= —7149.13
as = 250 wy = 06
p = .08l

Wath.—The lag likeliaod = L08] = — 306080 [ = dlisconnt Fector = 43, imposed a priori

lower value (4 < 0) that is equal to —.11."% As such, all the estimared
parameters of the model have signs consistent with the assumptions
of the model, and the magnitudes of the long-run and the short-run
elasticities are within a reasonable range.

Let L(8) be the value of the log likelihood of the model and L, be
the value of the log likelihood of an estimated unrestricted version of
the VAR (14}). Then, —2[L(8) — L,] s distributed x°(¢), where g is the
number of restrictions that are tested. Three likelihood ratio tests of
the model were performed. First, the null hypothesis that the param-
eters hy, d, ar, e, and p {not the constants and the dumimies} are zero
is tested against the model. (This test is similar to the standard F-test
of the linear regression equation.) The likelihaod value of the null
hypothesis is —529.63, and it is rejected with a marginal signibcance
level that is less than .001. Hence, the implications of the model on the
pattern of serial and cross correlations between prices and area are
more consistent with the data chan the null hypothesis of no serial and
cross correlations,

Second, I test the overidentifying cross-equations restrictions due
to the rational expectations solution of the decision rule, maintaining
the assumprion that A, does not Granger cause R; that is, the zero
restrictions on the three-lag VAR are not relaxed. The esumated
VAR implied by the model is presented at the top of table 2. The
estimated VAR where the cross-equation restrictians are not impaosed
is reported in the nuddle of table 2: the likelihood value of this system
is —505.489. The marginal confidence level of testing the theory
against the Jess restricted model is less than .5 (x'{2] = 1.2), and the
model is not rejected. Table 2 indicates that the coefficients of
the restricted and unrestricted (with zero restrictions) VARs have the
same sign as the auto- and cross cavariances. The land equation shows
a higher negative effect in the second-order lags of A| and R, and the

' The average of B = |6.8. The average of 4| = 1530 The long-run etasticity is

A LR

S ! = — 1%
4l = LBHL = k) LA30 !

The immediate efasticity (short runp = (AJd)16.8/ 1,530 = — 1L
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patterns of the moving average coefficients of the two VARs are
almost identical. This test can be viewed as a support for the rational
expectations solution versus any econometric model that ignores the
cross-equation restrictions but that is observationally equivaient (Sar-
gent 1976) to the model presented here. The Nerlovian supply re-
sponse model 1s an example of an econometric model that for some
specifications has the same VAR as for the model presented here.?

Third, the likelihood ratio test of the model versus a three-lag
unrestricted VAR (the chird system in table 2} rejects the null hy-
pothesis with a marginal confidence level of 995 (x’[7] = 20.3). The
signs of the serial and cross correlations of the area equation are
the same as in the model, but the magnitude is significantly different.
The main change 1s in the R, equation where the zero restrictions are
relaxed. The serial correlations of R have the same sign and only
marginally different values compared with the VAR of the model.
Hence, the model is rejected because of the zero restrictions on the
price equation and not because of the rational expectations cross-
equations restrictions. The result indicates thar the model probably
fails because of the way I assume prices are determined in the Egyp-
tan economy rather than because of the particular linear-quadratic
approximaton of the dynamic technology or the impiied rational
expectation restrictions. (xiven a priori acceptable point estimates and
the positive outcome of the second test, I can characterize the empir-
teal resnlts s nraviding some support for the specific model.

IV. Conclusion

This work is best viewed as an attempt to construct a dynamic stochas-
tic theory of agricultural supply that can be used to interpret observed
data on land ailocations, crop yields, and prices. By introducing an
explicit approximation to a well-known characterisuc of the crop pro-
duction process (depletion of soil productivity), 1 demonstrate how
the dynamic properties of land allocation and their interaction with
crop prices depend on the production technology. The model can
interpret the dynamics of land allocations as a result of different
technologies: the depletion effect in land productivity; costs of adjust-
ing crop areas; or omitted inputs that interact with land (e.g., fer-
tilizer). In such a model the supply response elasticities are functions
of the technology and the parameters of the price pracesses. It turns
out that the restrictions imposed by the model received some support
trom the data. The estimated structural parameters are consistent
with the model and conform to a cost-of-adjusument framework, and

* Gee Askari and Cummings (1976} for reported resulbts from the Nerlovian model.
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the cross-equations restrictions are not rejected when the zero re-
strictions on the price equation are maintained. The methodology
adaopted here requires that future changes in the model demand care-
ful consideration of aspects of the agricultural decision pracess that
have been ignored previously. As such, there is hope that future
research will lead us to an improved understanding of the dynamics
of agricultural supply.

Appendix

Here I cansider a simple example with fertilizer. Let F i, be the fertilizer that is
allocated to crop 1 at ume ¢, and let the production function for crop I be

) Al A w .
Xl.r = (J(l +oay - %Alr)AI; + dl[wlFU - ("—lz_l - 4)}11: - _zelh

A 2
(Al)

where =, and =4 are positive scalars. Subsdituting (A1) rather than (5} into (3)
and subtracting the cost of fertilizer from the farmer’s problem, I can find the
first-order necessary conditions of the farmer's prablem with respect ta Fy,
and Ay, Solving for F|, in terms of A}, and the current price of fertlizer and
substtuting che resule into the hrst-order condition with respect ta Ay, [ find
that the land allocation decision rule has exactly the same form as the solution
for the original problem (7). Here the price of fertilizer is an additional
element i1 the opumal decision rule and in the uncontrolled vector stochastic
process af Z, However, there exists an important difference hetween rthe twa
solutions. IF diwifay > g1+ 2{dJA}, the coefficient of 4, in the Euler
equation is negative and it is possible to have a real solution wich 0 < & < 1.
Hence the serial correlation in land allocation is positive, such as in the adjust-
ment costs case. The intuitive interpretation of this resule is chat if the produce-
tion of crop 1 is very responsive to fertilizer applications (large w, and small
uw}, the rataton element in land allocation may completely disappear.
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