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THE DYNAMICS OF AGRICULTURAL SUPPLY: A RECONSIDERATION#*

1. Introduction

Since the beginning of this century economists have been using
aggregate time series data and farm surveys to analyze empirically
the characteristics of agricultural supply. Cyclical movements of out-
puts, inputs and prices were recognized, analyzed and debated in many
studies (for example, Coase and Fowler, 1935, Ezekiel, 1938, Schultz
and Brownlee, 1941-42, and Heady and Kaldor, 1954). Particular atten-
tion had been given to the estimation of agricultural supply elasticities
(for example, Nerlove, 1958; Muth, 1961; Behrman, 1968; and the survey
by Askari and Cummings; 1976).l

This paper focuses on the dynamics of output, land allocations
and output price movements for an annual agricultural commodity. The
optimal land ailocations beéome a complicafed dynamic programming pro-
blem when the marginal product of land for a particular crop depends
on tﬁe cultivation history of the plot. There may be at least two
distinct aspects for the dependence of current land-decisions on past
cultivation; (i) the plot preparation for the crop is costly and
can be done once for several seasons of the same crop on the same plot;
(ii) For some crops (corn and cotton, in particular) there is a
severe suil fertility deterioration due to nitrate depletion from the
land. The farmer may build up the land productivity by the application
of fertilizers. The first aspect, (i),suggests that the marginal
costs are decreasing due to past cultivation, while the second aspect, (ii),
suggests the opposite. In both cases the total area that is allocated

currently to a given crop affects the cultivation costs in the future.

*

' Partial support from the General Services Foundation is gratefully

acknowledged. I would like to thank Jon Eaton, Bob Evenson and Ken Wolpin
for useful discussions and comments on a previous draft of this paper,




In such an environment, current input decisions depend on the expected

output price movements in the entire horizon of the optimization problem.

Using a simple framework for production and costs I aerive the optimal

dynamic land allocation demand equation. The costs of land preparation

give rise to a dynamic path of land allocations that gradually converges toward
the steady state as is the standard result in models with adjustment costs.

The soil fertility deterioration'giﬁes rise to oscillatory fluctuations

in land allocations that can be interpreted as crop rotations (Eckstein,

1981). Using_the simple model I define 1ong run and short run supply
 e1asticities with respéct to expected aﬁd unexpected'changés in prices.

I show that the expected supply elasticities are determined by thé cost
function parameters and they are sensitiﬁe to the particular dynamic

aspect of the crop productioﬁ. Hence, tﬁg analyses of deterministic policy
changes ;equire only the identification of the parametersin the agent's ob-
jective function. I show that the.farmer optimizétion problem provides a
simple regressionvequation that exactly identifies consistent estimators of
these cost function parameters. On the other hand, the unexpectéd elasticities
are determined not only by the parameters of the cost function but by the
parameters of the stochastic process of prices as well. Analysis of shocks

to prices requires estimation of the entire system, but it does not necessari-
ly requiré the identification of the underlying parameters of the model. Finally,
the analysis of changes in the price process or an interpretation of the observed
correlations require complete identification of the model's parameters.

It turns out that the basic supply equation of the Nerlovian (1958) supply




response (NSR) model is compatible with a supply equation that I derive from the
farmer optimization problem. However, the adaptive expectations formula does
not: seem to be acceptable and I suggest rational expectations
as the modeling strategy for solving the expectations part of the‘dynamic
land demand equation. The idea that the data and the empirical work would
be able to tell us whether farmers form expectations using a conditional
expectationsoperat or on the true process of prices (rational expecta-
tions) or an ad-hoc weighting scheme on past prices (adaptive expectatioms),
proved herg to be wroﬁg. AI show that the two extremely different methodobgies
yield different interpretations of the same correlations and different policy
conclusions (Lucas, 1976), but give rise to bbset&ationally equivalent equa-
tions (Sargent, 1976). i

For manyvyears agriculture economists suggested that cyclical
.oscillationS'ixoutput are due to farmer's static expectations (the
cobweb model).2 Here I show.that the type of dynamics in the cost func-
tion which reflect deterioration in soil fertility, can give rise to

an equilibrium movements in prices and output that have exactly the same

form as in the simple cobweb model. However, here the price-output
sequence is stable, and always converges to the steady state, the farmer's
price exéectations are rational and the market allocation of resources
is optimal.

The remainder of the paper is organized as follows. 1In section 2 I
outline the model. The farmer optimization problem is solved and the

supply elasticities are defined and analyzed in sector 3. In section 4




I-compare the model to the traditional agricultural supply model and
in section 5 I discuss the issues of observational equivallence of these

models. 1In section 6 I discuss some estimation methods and section 7

- presents an equilibrium for the model.




2. The Model

The output sector for the commodity x consists of N farmers indexed

by i, 1 =1, 2, ..., N. The production function of each farmer has the

form

: S 1, %n1
2.1 xp,, = (F+ vi+1) a, + 5 >

where x; is the output of the (representative) farmer at time

t+l

t+l and ai is the land allocated at time ¢t by the farmer for pro-

duction of x at time t+1.3 e

e+l and Vi+1 are shocks to production

and land productivity as of time t+l, where e is a persistent

t+l

eéonomy—wide shock to prodﬁction that has the form of

. : T e e .
€2.2) e 41 8§, e + U |61 < 1

i .
and Vt+1 is a completely transitory farm specific shock. Furthermore,

e
Vt+l and Ut+1 have zero mean, constant variance and are serially
uncorrelated.

Each farmer has the following total costs of production at time t+1

i 1 i,g .42 1 1 >
(2.3) TCt+ - Ct a + Ft+1 a + 2 (at} + d a a, ;> 8 >0, d< 0

1




where ct is the sum of the per-acre costs of production tlt are

known at the cultivation time and Ft+1 are the sum of the per-acre

costs of production that are known only at the harvest time. Assuming

that each farmer is endowed with a fixed amount of land (;i) aﬁd tﬁat the
farmer produces an alternative éommodity ;,'then, the total cost function
(2.3) includes the revenues from the alternative crop as a cost per

acre allocated for the main crop x. In this case, Fi+1 is a linear
(negative) function of the price of the alternative commodity X.The term %ai induces
decreasing returns to scale over the "long run" and may represent existing
rent on the fixed amount of capital (land). The term d at.at__1 represents
the dynamics in production decisions and costs of‘adjusting the cultiva-
tion'area. In Eckstein (1981) it is shown that in infinite ﬁorizon pro-
blems, d < 0 implies thét the term da#at_l is equivalent to the convention-
al Lucas (1967), Gould (1968) and Sargent (1979) adjustment costs function,
while d > 0 implies that the marginal cost of producing the crop x at

time t+l is an‘incfeasing function of the 1and allocated to that crop

in the previous period. Adjustment costs (da <0 coﬁld be justified by

the costs involved in land preparation and plot arrangement that are re-

" quired for the particular crop and are done for each crop on the same

plot for several seasons. An increase in marginal costs (d > 0) could

be due to deterioration in land fertility (Eckstein, 1981). These costs
can be reduced by applications of fertilizer and rotation of crops on

the plot.5

The market is confronted with an exogenous, linear demand schedule

for the commodity, where under market clearing conditioms




1 Dt + b2 Yt bo, b
where Pt is the price of the produced commodity at time ¢, Dt is
the aggregate consumption of the commodity at time t and Yt is

aggregate income ("demand shifter") at time t. Income, Yt’ is exogenous

to this market and is assumed to follow a second-order autoregressive process

= Y
(2.4) Yt ay + ay Yt-l + a, Yt-Z + Ut
_ ) “l 02 2 S
where a(z) =1 - ol ;—z has roots inside the unit circle and
0 0

UZ is a "white noise" with zero mean and a constant variance. The
second-order process of Yt is sufficient to capture an economy wide
business-cycle type activities that I assume to be exogenous to the

agricultural commodity market'.6




3. The Farmer's Supply

The decision problem confronting each farmer at time zero is to choose
a sequence of contingert plans for land allocations in order to maximize

discounted expected profits, that is

' i t i i i e +1
01 7 __._....t
(3.1) max EO Z B {(Ptll + S ll) [(f + vV ) a_ + }

i, t=0 t+1 t N
{at}t=0
Cd et )ai_gaiz_-d 11
TG Y41 % T2 = |

where Eé denotes the expectations of future variables conditioned
on information available to the farmer 1 at time ¢t =0, Qé H

8 4s the discount factor, 0 < 8 <« 1; St is the subsidy tb former i at

i i i
time t. {Pt, St’ Cts F }

c :=0 are taken parametrically and each is bound in

the mean. The contingent plan for at is

a functionbof'the information set at time t, Qt. I assumé that the

- farmer information at time t includes all realizations of all the

variables in the market at time t, t-1, t-2, ... etc..

"Tﬁé first ordérhhécessary conditions for this problem consist of the
following Euler equation as well as the associated transversality conditions.

1 g1 11]3 1[ 1 1 1,_1]
(3.2) [at—l t g FBE Ay, Ee [(Pryg * Sep) (B )= ~Frpn

Assuming that '-% |> 1+ B8, the unique.optimal solution for (3.2)

that obeys the transversality condition, is




A ©
1__"1.4 ] 1 1
(.3) Q-3l)a =-—3E jZO (248 [(Pt+l+j * St+L+J) £+ Yt+1+j)
.1 i
TSty T Ft+1+j]

where L is the lag operator that is defined by the property that
k

LX = Xy’ and Al is the smaller root, in absolute value, that solves
1 __¢8
(3.4) N = -4 Bkl.

M <Oand A\, S0 ifd <0
d- an l 1 .

In order to find the land allocation decision rule, the conditional

From (3.4) it is immediate that lel <1,

expectations into the infinite horizon (the right hand side of (3.3))
havé to be solved in terms of variables in the farmérfs information set,
Qi. Equation (3.3) can be viewed as a general demand for acreage for
the particular crop, or by substituting (2.1), the farmer supply equation
of the commodity x for a general form of gxpectation formation. Observe
~that the aggregate shock, e.s does not enter directly into the land demand
equation since it is separable from the area in.the broduction function.
However, it enters indirectly into the land equation through its expect-
ed effect on the price process and directiy into the supply equation.

Hence, the farmer views the price process as random even if the aggregate

demand for x is nonstochastic.
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The existence of a multiplicative aggregate shock to production, Vi,

may violate the certainty equivalence (linearity) of the nodel.8 In

t
be considered. 1If Pt is endogenously determined in the model, then with

particular, the covariance of vi and Pt as well as vi and si should

aggregate vﬁ I cannot seek an analytical solution to the model, If the

price process is exogenously given, one can easily redescribe the model in terms

of the stochastic process'of the product vi Pt which, for some

cases, may lead to a solvable model, As such, it seéms that unless one

believes that the aggregate shock is multiplicative anad calculétions of

the covariance between the commodity pricé end the shock to production

are of central interest then using the above assumptions about V (or even assuming

that V% 0) I lose almost no 1n81ght into the model. 9

The Rational Expectations Decision Rule

The solution for the land demand equation (3.3) is called the decision
rule. The solution requires postulating a way in which the farmer solves
his infinite horizon conditional expectations problem.10 Assuming that
each right hand side variable in (3.3) has a Wold moving average represen-
tation, I can use the results in Hansen and Sargent (1980, lemma 1 in
appendix A) to solve for the land allocation decision rule.11 If prices
are determined éndogenously then the parameters in the moving averages

of prices are related to the underlying parameters of aggregate supply
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and demand. However, it is still ﬁalid that in general the price process
would have a Wold moving aﬁerage rep;esentation and it is not necessary
to impose the equilibrium constraints in order to solve for the particular
farmer's land allocation decision rule (see section 7).

Suppose that each of the right hand side variables in (3.3) have
a finite order autoregressive representation,12 then the land allocation

decision rule could be written as

i_ - i
(3.5) a =i a ,tut ul(l.)Pt + u, (L) Se

+ug(L) Cp + 1, (L) Fy + ug(L) I}

where (L) is a finite order polynomial in the lag operator (j =1, 2, 3, 4, 5)
which dependon the order of the autoregressive process of the uncontrolled
variabies, and Ii is a vector of information ?ariables that helps to pre-

dict future values of prices, subsidies and cost terms and is part of the
autoregressive ﬁrocess of these variables.13 The u's are non-linear func-
tions of the cost and production functions parameters as well as the laws

of motion for the uncontrollable variables. Hence, changes in the price
process, for example, affect the structure of the correlations between

the right hand side variable in (3.5) and the land allocations (Lucas, 1976).
In order to see this point as well as to analyze the effect of changes in

the prices on land allocations, I consider the following simple example:
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Llet the aggregate price process be

P
Pt 60 + 61Pt-1 + 62Pt-2 + Ut:
: ' : 61 62 2
where the &'s are scalars, 60 >0, |1- 3 %" 3-z.l = 0 has no roots less
0 0

than one, U: is i.i.d. with zero mean‘and constant varismce. There is a

fixed‘specific subsidy for each farmer of Si = Si . Fi - Vt = 0 and

i

-1
(3.6) , C,=C

+ U
t

where U:i is i.i.d. zeromeaii and constant variamce.! Define

the farmer's price as Pt = Pt + S1 where the farmer's price process is
| P S 1, Pi
3.7 Pp= Sp+ 6Pyt §,Prg t U,

0 1t~

wvhere -51 =6 + Si(l -8, - 6,)), and UP; is i.i.d. with zero mean and
.0 0 1 T2 t
fconstant variance.

In this case the land allocation decision rule has the following form;lA

1 i ai

1 1 1, .
(3.8) %" A2t "0_+ FlPt tuPea t U
oo o ha
' w?ere PO 3 ' '
w o -11(61 + GZX)°f .
© ‘ 1 2
.T o aQl - 611 - 621.)
< e e 11 52 of ‘
(3.9 2 T s 12
a(1 611 - 621 )
A
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Equation (3.9) shows the restrictions across equations (3.8) and (3.7)
as well as the restrictions within equation (3.8). These restrictions
are called by Sargent the hallmark of the rational expectations hypothe-
sis. Equations (3.5) and (3.8) analytically characterize the land
allocation decision rule in the general case and for a specific :xample,
respectively. Next I define supply elasticities with respect to ex-
pected and unexpected changes in the right hand side variable in (3.3)

and (3.5).
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The Supply Elasticities

An expected or unexpected change in one of the uncontrolled variables
alters the demand for a, and, therefore, through the linear production
function (2.1), affects the value of actual production. Let Z be one
of the uncontrollable variables on the right hand side of (3.3). 1
define ﬁwo types of dynamic elasticities with respect to changes in Z.

The first is concerned with the change in the expected land demand (out-
put supply) due to a change in the expected value of Z, while the second
concerns the actual change in land demand due to an unexpected change in
Z. Both elasticities are computed with respect to the unconditional
means of land and Z.

Definition 1: - The long run (expected) elasticity of land demand (output

supply) with respect to Z is

SE(a ) E(2)

(319 R T B )

Definition 2: The short-run (éxpected elasticity) of iand.demand (output

supply) with respect to 2 is

(3.10) 3, et E@)
Y- aE_t(th‘-j) E(a)
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The long run elasticity, ﬂz , measures the effect of the expeéted mean
change in Z on the mean change in area (output), while the short run
elasticity, n ;, measures the effect of the expected change in 2,
J period ahead, conditional on current information on the current

change in area (output). Observe that one may be interested in considering

also a "medium run" elasticity which can be defined as °

j(s)-aE (at-i-s) E(2)

3. E (z j E(a)

for J > s

and measures the effect on area (output), s period ahead, from a change

in conditional expected Z, j periods ahead.

An unexpected changevin Z at time t is defined as efE.Zt - 1(Z s which
is serially uncorrelated. Define at+s as the value of the land allocations

' z
at time t+s for the case where a = E(a) for s < t, and € = Vbéi(e%) = g%

z
and €ps = 0 for all s # O.

Definition 3: The (unexpected) elasticity response of area (output) s periods

ahead with respect to a once-but-not-for-all one standard deviation shock
in Z is

A

qt+s
oZ-E( Z)

“E@) g(g

E(a)

(3.12) p(s) =

Since the a, process is stationary by the unique solution to the optimi-
zation problem, the result is that in the long run a4s converges to

E(at). Therefore, the long run effect of an unexpected change in Z on area

is zero. One may also be interested in the cumulative effect of the shock,
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s .
z at+j - E(a), as well as the cumulative effect of the unexpected
i=0
S 2
shock on the variance, i.e., T [a_,, - E(a)]”.
. $=0 t+j

In order to calculate the above elasticities of land demand
(output supply) with respect to an expected change in the output price
I ignore, without loss of generality, the other terms on the right hand
side of (3.3). Furthermore, let £ = 1 and Vf=_et = 0, so that there
is a complete equivalenée between output and area. Equation (3.3) can
be rewritten as

A1
(3013) (1 - llL)at 8 - .d_'

it~ 8

,
sho 1B B -

Taking unconditional,gxpectations in both sides wé get
- . 11 . R 1 .
( l - 11) E(a) = = -3 E(P) -i—:—x;B

.

so th;t the long run élasticity is

o |
A . 1 . E(®)
(3.14) “y a(T =2 (T -~ X.8) E(a)

"and the short run elasticity is

412

s WS B¢
(3- 15) nP - d-- (118) E(a)

The interesting aspect of the above elasticities is their different

magnitudes with respect to the value of the dynamic element in the produc-

tion, i.e., the parameter d. The absolute value of d is bounded between

zero and =& From (3.4) it can be proved that le‘ + 0 (1) as |d] » 0¢

1+8°

g
1+B)
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A
1
- — >
d

0Q |

as d > 0. Given that 3 z 0 as d ; 0, it is clear

and 1

that the long run elasticity is higher for negative d (adjustment costs)

vis-a-vis positive d (soil fertility deterioration). When d = 0, the

_1 E®)
P g E(a)y

run elasticity is greater (lower) than é- as d is negative (poéitive).

long run elasticity is N and the model is static. The long

Unlike static models and dynamic models with adjustment costs, here

Sy _
ng 1 is negative if d > 0 (land fertility deterioration) and j is odd,
while n;+l is positive if d < 0 (adjustment costs) for all t ord >0

and t is even. The intuitive reason for the negative short run elasticity
is that if the férmer expects next iéér's output price td iﬁcrease he would
'save' ;he land productivity for that year's production and farmers smoofh
income by oscillating 1and.15 Observe that the magnitude of the |
response gradually declines as the_expecfed‘change lies further into

the future. Recall that Fi+ includes, as one additive variable, the

1
proportion of the price of an alternative crop and therefore the negative
value of the elasticities above is proportionate to the elasticities
with respect to the price of the alternative crop. The size of the ex-
pected elasticities is fully determined by the values of g, d and B and
the means of Z(P) and area (output). Finally, these elasticities can ‘be analyzed
direqtly from (3.3) without the calculation of the land allocation
decision'fule.

Consider now the response (elasticity) of area with reépect to
an unexpected change in Pi, i.e., a shock in ﬁii. In order to do that

I ignore the existence of other variables in the model and T use the

example of the land allocation decision rule that is summarized by the
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bivariate autoregressive processes (3.7) and (3.8) .

16

Consider the following

. ' ' . &
'experiment' for an unexpected change in Pt;

Pi Pi
U "=0,U =0 for all s # t,
t P’ s

Uil= 0 for all

(3.16) <

a = Ei (me. )
-1 an area

=P = i
§ Pt—s for s 1,2 (mean price)

As a result of this transitory (umexpected) change in price by the level of

standard deviation in the innovation in prices, the crop area follows the

sequence
i L
& = a + 130,
, 1 - e
AF3.17} a1 a + llulop + ul?loP + My0p o
etc-, see

where, if the system is stable ais +a as s + o . Given the
triangular form of the bivariate autoregressive equations (3. 7) and (3 .8),
it is straightforvard to show that the system is stable given that llll < 1

and the assumption above on the price process. ~0bserve that by using (3.16)

one can easily compute p'(s) for s = 0, 1, 2, and that both the values of the
cost function parameters, (g, d, B), and the parameters of the stochastic

process of the price, (60, 61.'62), play an important role in the determina-
tion of the response of land allocations to shock in prices. It is easy to

use numerical values for the parameters to show cyclical movements of areas




19

in response to shock in prices. This result can be attributed either

to cyclical movements in prices (§'s) or to a negative value of Kl(d > 0).
Only the estimation of the structure of the economy can reveal the source
for a cobweb type phenomenon iﬁ a model where faremrs are rational
profit maximizers.

The estimation of the elasticities with respect to an unexpected
change in price can be calculated from an unrestricted (reduced form)
specification and the estimation of the land allocation equation and the
price processes. On the other hand, the estimation of elasticities with
respect to expected changes require only the identification of the cost
function parameters. A complete economic interpretation of the patterns
of output responses to some éhanges in prices requires the identifica-
tion of the entire structure of the model. Therefore,'estimation
strategies are not independent of the particular questions that the

researcher seeks to answer (see section 6).
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4. A Comparison with the Nerlovian Supply Response (NSR) Model

In this section I first present the Nerlovian model and show its
properties. I argue that the basic supply equation of the NSR model
‘can be justified by using problem (3.1), but the adaptive expectations
formula cannot be justified. An example illustrates the qualiiative
differences between the models. J

The literature on agricultural supply considers an annual crop
that is planted in a period before the output price is realized. Out-
put (x) in period t is assumed to be a linear function of the time t-1
expectations of the outputAprice at period t(P:). In discussing this
assumption Nerlove (1958) stated that:

";..a principal reason why low estimates of the elasticities

of supply of corn, cotton, and wheat have previously been

obtained is that insufficient attention has been devoted to

the problem of identifying the price variable to which farm-

ers react."
To the simple linear supply equation Nerlove added a partial adjdstment
equation that related desired (long run) and actual (short runm) output.

The supply equation of the Nerlovian Supply Response (NSR) model can be

. 17
written as

4.1) a, =7vya,_,; + o, + oy Pi + alzt Gg 0y a0y > 0
where 0 <1 -¥ <1 is the partial adjustment coefficient, and y = 0
implies that 'desired' and actual production are the same. Pi is

called "the expected 'normal' price" and the (adaptive) expectations

formula is given by
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e _pe . - p° 0<6<1
(4.2) Pt Pt—l G(Pt—l Pt—l) ‘ -

or the "generalized adaptive expectations' equation

(4.3) P°= T, P

. , » 6. =1

j=0 j t-1-] j=0 3

Finally, Zt is é vector of some exogenouf'factors affecting supply
at time t. ’

The main objective of the NSR mo&el has been to estimate the
short run and the long run price elasticity using equations (4.1)
and (4.2). These elasticities were defined (Nerlove, 1958) as the
immediate and the mean response, reSpectiﬁely, of area (or output)
to a once-and-for-all changemép the expected price, P:. They are
equivalent to the expeéted price elasticities that I have defined

above. To understand Nerlove's remark on low supply elasticities, I

consider the case of Y = 0 where the supply equation (4.1) equals

(4.4) a, = aOG + (l—d)at_1 + ald Pt-l + azzt + az(l—S)Zt_

1
The reduced form coefficient of Pt—l is the product of the supply
slope and the expectations coefficient which lies between zero and one.

. . e . .
Observe that a permanent increase of one unit in Pt in the supply equation

a
(4.1) (y#0)has an immediate effect of a, ona,, while i on the
steady state level of a, - the desired area. Hence, the early studies

where P: = Pt_1(5=1) and v = 0 had a significant bias toward low supply
elasticities.
Here I claim that the farmer's dynamic optimization problem (3.1)

can be viewed as a microeconomic justification for the ad-hoc. supply
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equation (4.1) of the NSR model. I simplify the model of section 3

i i i

as follows: f = 1, Vt+j = St+j = Ft+j = 0 for all j. Define
A oo
e,.~1 3
(4.5? Po=3 Et{jzo(xls) Pt:-l-l-l-j} and
4.6 S 1 3
(4.6) a,Z, 7 E, I (A,8) Cets

3=0

and ignoring the i superscript for the farmer i, equation (3.3) is

just a somewhat more restrictive form of (4.1). Nerlove's (1979)

view that P: is a 'normal' future price is consistent ﬁith (4.5).
Furthermore, vy should not be restricted to be positive, and the expli-
cit optimization problem (3.1) imposes some additional constraints with-
in the supply equation.

Given that problem (3.1) is accepted as a microeconomic justifica-
tion for the supply equatibn (4.1), it should be emphasized that using
the formula (4.2) or (4.3), and the‘definition (4.5) for P:, the result-
ing land allocation decision rule is not the optimal rule that maximizes
(3.1) given any information set, Qt. To prove this statement
observe that for any Qt there exists, in general, a unique solu-
tion for problem (3.1), as it is described in section 3.1 (see also

Hansen and Sargent, 1981). Here formula (4.2) may be
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the solution to the model only if the price process is consistent with

e _ - h| = 6 .
Pt Et { jio O‘ls) Pt+1+j} 1 -~ (1-8)L Pt—1

is not compatible with the model,I consider a counter example where

To gee that (4.2)

L e
d =X = 0,50 tha P = E (P_ ). Then, the price process is

. _ 8 - = - (1-
required to be Pt 1= (1-6)L Pt-l + Ut or Pt Pt—l [1 (1 éﬁJUt
(Ut is a 'white noise') in order for (4.1) to hold. This price

process is not stationary'sincé Pt does not have a finité §ariance and,
therefore, (4.2) is not consistent with a stationary model that is des-
cribed here (see section 7 for the equilibrium solution). Muth (1961,

p. 541) proved that formula (4.2) is compatible with rationallexpectations

if the shocks to supply, in his model, follow a random walk process.

To illustrate the qualitative differences between models with
rational vis-é-vis adaptive expectafions, I consider the case in which
Pt‘is serially uncorrelated, e.g., 61=62 = 0 in equation (3.7). Ration-
al output decisions of farmers that observe this statistical property

of prices imply that production does not respond to past movements in

prices which contain no information on future prices. This is implied

also by the rational expectations land allocation rule (3.8), while NSR
equation (4.4), for example, stays independent of the actual price pro-
cess. The independence between the adaptive expectations equation and

the price process that is derived by the model or is given by the data, may
lead to misleading estimates of supply elasticities and the predicted

response of farmers to governmental policies (Lucas, 1976).
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5. On the Observational Equivalence of Agricultural Supply Models

Sargent (1976) discussed the equivalence of the reduced form of
models that differ only in their expectations specification and, hence,
in their polidy implications. One model (Keynesian) called for active
monetary policy while the other (Classical) implied that any non sto-
chastic money rule is optimal. Here I_show the equivalence between
the NSR model with adaptive expectations, thé cobwéb model whe£e P: = Pt-l
and a simple rational expectations model. First, I define the meaning
I use for the observational equivalence of different models. If a single
specificétion of‘each model is chosen independently from the other model,
there is no reason to expect thét the two models would be equivalent.

The possible specifications ofveach model are so large that a 'random'
comﬁarisqn would yield, almost surely, no similarity bgtween the models.
The number of variables, lags,definition of prices, period of estimation
(quarter, year, etc.), all or some méy differ substantially. Therefore,
- the definition of observationélvequivalence should be a conditionél
statement.

Definition: Two models (A and B) are said to be observationally equivalent

if for a given specification of model A there exists a specification of

model B such that the reduced forms of both models are identical. The two models

are strictly obsefvationaﬂy'equivalent if both models are just or under identified
‘This definition implies that even if A is the true model, model B can

fit the data equally well. Even if both models are over identified, it is

not necessary that the wrong model will be rejected by the data. The equivalence

between the models is demonstrated here by examples.




25

Consider the example of the rational expectations decision rule
where Pt is given by equation (3.7) and where the superscript i is

omitted. The solution for (3.3) is given by
A8 A, 8

L 11 ai
DA T e@a s T M T qanesy Ter T %

Consider the NSR model where y = a, = 0 and equation (4.2) for expecta-

2

tions. The area equation of the NSR model is

(5.2) a_ = a06 + (1-6) a,_1 + alGPt_l + €

where et‘is an additive 'white noise' error. Finally, consider equation
(4.1) where oy = 0 and the expectations are given by the naive assump-

tion that Pi =P '(cobweb>m0de1). The land equation is given by

t-1

(sz) a_ =04 + Ya,

t at Pt e
Given the standard assumption that Uiland e, are i.i.d., for some values
of {A;, d, B, 8y, 6;} in (3.7) and (5.1), there exist {§,ay,a} for

" equation (5.2) as well as {a ,Y} for equation (5.3) where the three

0°%1
equations, (5.1)-(5.3), are identical. Estimating (5.1) jointly with

(3.7) implies that the rational expectations model is just identified.

The NSR model (5.2) and the cobweb model (5:3) are just identi-

fied as ﬁell. Since the rational expectations model is the only frame-
work here that fully characterizes simultaneously the laws of motion for the

area and the price it is natural to use a specification of that model as the bench-~

mark for comparison. The above example shows the strict observational

equivalence between a model where farmers have full information on the
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price stochastic process vis-a-vis models that farmers' expectations
are independent from the actual price process. Data which have been
generated from the rational expectations model could fit well a NSR

model with adaptive expectations and the cobweb model.

The above resﬁlts imply that econometric methods using data sets

that have been assumed to come from a single structure would not be
able to reject oné of the above models in favor of another model. How-

- ever, particular over identified specifications of each model can be
tested against one maintained alternative and non nested tests‘can be
used to test the models against each other. These would be tests of parti-
cular specifications, while the general observational equivalence among
;he models could hold if I use the flexible form of the adaptive expecta-

tions formula (4.3).

On the other hand, the three models differ in their predictions on
:the'implications of an alteration in the price proéess. Since we analyze
these models primarily because we are interested in the affect of é per—
manent change in prices (supply elasticities) the choice of the model is

of crucial importance (see section 4 above).
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6. Estimation

The main objective of the agricultural supply literature and of
this paper is to develop an acceptable methodology for estimating supply
elasticities and for interpreting serial and cross-correlations of out-
puts, yiélds and prices. Here I wish to distinéuish becween three different
fesearch objectives which yield different estimation strategiesj

(i) The most general goal is to estimate all the models' parameters subject to

most general goal is to estimate all the models' parameters subject to
all the models' restrictions in order to test the models' interpreta-
tion of the data. This objective requires a simultaneous non-linear
estimation methods. Examples of full information maximum likelihood
(FIML) that use a single time series data set exist in Sargent (1978),
Eckstein (1981) and Eichenbaum (1981). Hansen (1982) and Hansen and .
Sargent (1982) developed a nonlinear instrumental variables (NLIV)
method to achieve this goal. The particular choice of the method for
estimation is dete?mined by the particular model of the efror term.
Naturally the’compiete identification of the model's parameters provides
estimators for the supply elasticities and a test for the overidentifying
restrictions of the model.

(ii) The main objective of the NSR model is to -estimate the
supply elésticities with respect to an expected change
in prices. 1In the model here this objective requires the identification
of the parameters of the cost function and it is not necessary to identi-
fy the entire decision rule. Kennan (1979) showed how the cost function
parameters can be estimated directly from equation (3.2).19 In order to
develop this method for the agricultural supply model of section 3, I
use the properties Qf the conditional exvectations operator20 to

rewrite equation (3.2) as
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- 1 P 1 _
(6.1) at+1 + gd at + R at—l d (Pt+1 + St+l) + d (Ct t Ft+l) - q’t-!—l

where Et¢t+l = 0. Hence, if th is a variable that belongs to the farmer's

information set Qt, 1 get the orthogonality condition

(6.2) E[¢t+1'2i

t t

} = 0 for all Z, e
jt
The orthogonality condition (6.2) provides us instruments in order to
estimate equation (6.1). The need for iqstruments aris;s since Pt+1 and
Ft+1 do not belong to the time t iﬁformation set and therefore (6.1)

is not a regression equation (E(¢ ) # 0). Using

t+l | FearoPen
[gt, a _y» Pt + St’ Ct-1'+ Ft] as a vector of four instruments for the

four regression coefficients in (6.1), the standard instrumental variable
regression method yields consistent and unique estimators of the parameters
g, d, B and f. Hansen - (1982) proved the consistency and he provided a

'method for an efficient estimator using general methods of moments (GMM).

Using the time average of prices and area as estimators for their means the long
run and short run supply elasticities can be estimated in a fairly simple way.

| (iii) The elasticities with respect to an unexpected change in

prices can be estimated by an unrestricted reduced form ofvthe model. In general,
these linear quadratic models give rise to a restricted vector ARMA

specification (see the example in section 3). Assuming that the model

is not rejected by the data, the unrestricted estimated specification is

"close" to the true model and one can use this specification to analyze

the response of area to one standard deviation shock in prices. This

response is equivalent to tracing out the moving averages of an estimated
simultaneous dynamic system. Sims (1980) recommended using this method

to ihterpret simultaneous dynamic models when a vector éutoregression

(VAR) is estimated and Sargent (1978) compared the estimated moving

averages from an unrestricted model to the estimated moving averages of

the restricted model.
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Each of the agricultural supply models could be written as a
vector ARMA that is subject to restrictions across and within equa-
tions and is not linear in the underlying parameters. The restrictions
on the model are the main source for identification of the structural
parameters. Hansen (1982), Hansen and Sargent (1980, 1982), Hyashi and
Sims (1983), Wallis (1980) and Wilson (1973) discuss methods for esti-
mating ARMA models from a single time series data set.

The existence of panel data from farm surveys bring new hopes to the
task of estimating supply elasticities. Methods for estimating ARMA
models are discussed by MaCurdy (1983). The model in section 3 is writ-
ten in such a way that it is straightforward to estimate the cost func-
tion parameters using panel data. Most studies on the agricultural
supply used aggregate data for the estimation of supply elasticities.
Using aggregate data one should carefully consider the market interaction
issues which may afgect the permissible way of specifying the price pro-
cess for estimating the farmer land allocation decision rule. The
next section provides a framework for these considerations as well as an

insight into the possible implications of the market equilibrium on the

dynamics of supply.
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7. The Market Equilibrium and the Dynamics of Supply

What is the effect of the market on the dynamics of supply? Sargent
(1981) argues that all the movements in demand and inventory behavior
affect the production decision_rule through the producer's expectations
of the future movements of prices. It is well known that speculative
inventories induce a positive serial correlation in prices (Muth, 1961),
which makes the output to be positively serially correlated as well. Here
I abstract from the dynamic effect of inﬁentory speculation and focus the dis-
cussion on the effect of the dynamics in the production process on the
equilibrium movements of prices and output. A particular attention would
be given to the 'rationality' of price and output oscillation and the
" 'cobweb theorem'.

The market equilibrium is defined as a stochastic process for
{ai_l,Dt = igl xi, Pt}:=l which satisfies the necgssary conditions for
the maximum problem of the farmer (3.1), the demand eugation (2.3), the
» production function (2.1) given ail and the given stochastic processes
i
t

I simplify the algebra, without loss of generality, by assuming that

i i i
of St’ c Ft’ et, Vt and Yt.

ct follows the process (3.6), Fi = 0 and Si = Sl. Furthermore, I assume

that all farmers have the same information so that Qi Qt. Summing

both sides of (3.2) over all i gives

2 1 -

(4.1) d[At—l + dAt + BE: At+1] NfEc Pt-l»l + EtPt+1 i t+1
+ES+Sst v -T+ ¢yt
t+1 t
i i

i 1 - - i

where A, = I a ,Se s ,C = ¢ and I assume that I V = 0
t 4t 1 1 1 ¢t
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) ci .
and I Ut =0, i.e., the farmer's specific shock disappears in the

i ,
aggregation. Summing up over the production function (2.1) over all i,

. i
ives I
& ; e+l

equilibrium, where demand is equal to supply, it is true that

= -+ 1 i i =
fAt et+1, since it assumed that ? v 0. In

a
t+l 't

(7.2) D?+1 = fAt + et

+1
Substituting (7.2) into the demand equation (2.3) and the result for

Pt+1 into (7.1) I get

2
g+ f blN

d

1 ‘
At + BEtAt-l-l r '[N fbo - Nf blEt e

7.3
(7.3) Ay + t+1

+ Nf bZEt ‘Yt+l’ -+ £S = C}

Now the equilibrium is a solution for (7.3) that satisfies the
transversality condition of the farmer's problem (3.1). The unique
solution can be found equivalently to the way (3.2) is solved. First,

factorize(7.3) to get

>

(7.4) @ -¥.1)aA = =1 r (. gy T
( RATH TEe 3Bl (X8 INE by + £5 - T - Nfbe  + NEb,Y

17t+l 2 t+l

11
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~ where ?1 is the smaller root, in absolute value, that solves

.&
) 7.5 = - -

1
1

%

2

N
by» K0 <1 and X S0 16 a%0. observe that X, » 0

N
where g =g+ Nf 1 1

!

. as N+ and;j_f by =Othen. ¥ = A, i.e., if the demand

is perfectly elastic the solution of the equilibrium is i{dentical with the solution
of the supply equation in section 3. Now I can solve the mathematical expectations
(7.4) using the prediction formula (see footnote 10) to get the equilibrium

laws of motion of the aggregate land allocations in the market, {i.e.,

(7.6) Be ™ Mfeq t oug Y H Y ) e
where
v . _‘31 N by + fs - C
0 d “a
( —
SN N
A= XIB
n
" *1 (al + a,A )
ul 2 .. ‘—& Nsz ~ -
(7.7 (1 = g x- a X2)
1 2
[+ 3
¥, = - Xie 2
¢ 26} a2
Gy ]
-,
A &
\ o 1 e
i i ~
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The equilibrium law of motion for aggregate consumption is

computed by using (2.1) and D , hence

: N
‘\n 1 N N “~
7.8 = -
(7.8) D ADe + fug + £ Y + ¥ o+ (Fu =X de te

t+l 1 t+l *

Substituting (5. 8) into the demand equation, the equilibrium law of motion
of prices is:

o~ o~ " . ~ o
(7.9 Pt+1 = Alpt + bo(l —_kl) - blfuO + bZYt+l + (-blfu1 - Ale)Yt

~ ' N N
D Ry T b Byt D ey

Consider a simple case of the above equilibrium where b2 = 0, so

that by using (2.2) the price process can be written as

UP

(7.10) P, = & + ¢ + 8P, + U

0 lPt-l

o A
where 60 = (1 - ée)[bo(l —-Al) - blf uol

P N " e
Ut = - b1[(f My = Al)L + 1] Ut
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Given that Pi = Pt + S1 for farmer 1 the only difference between (3.7)
and (7.10) 1is that U: is not 1.i.d. and has a first order moving
averages representation. Yet %3{ l- Glz - 8222] has roots outside the

unit circle and Pt has a Wold moving average representation in terms of
the innovations ~U:'§h However, (7.10) does not necessarily imply that Pt :
has an autoregiessive representation, since the root of Uz process is not
eecessarily_greater than one.z1 Given the (7.10) process for Pt’

it is straightforward to use the prediction formula (footnote 16) in order
to solve the land allocatien decision rule. Hence, Nerlove et al.'s (1979a) esti
mation method of'huasi-fational expectationﬁ‘is consistent with the
rational expectations equilibrium, but their method ignores some of the

model's restrictions, therefore, some statistical efficiency is "lost".

The Cobweb Cycles

. As observed above the sign of A*I depends on the sign of the dynamic
‘element in the cost function. If current marginal costs are higher
(lower) due to last year increase in production, then &1 is negative
(positive) .The model predicts that the path of A, D, and Pt’ from
an arbitrary initial allocation toward the steady state, are all
characterized by the same dynamic properties, 1In particular, the dynamic
effect in costs determiges whether prices and quantities follow a cobweb oscillator
path (il< 0) or a smooth gradual adjustment costsstyle path (il> 0.
The above rational expectation equilibrium model €an therefore exhibit the two
perind cyclical aspects of the cobweb model, The equilibrium and the aggregat-

ion over farmers do not necessarily elimiante from the price process the

effect of the dynamics in the production function.
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Discussion:

Observe that even a simple equilibrium model, without any income
effect on demand (b2 = 0), provides an interesting dynamic structure
for the price process. Furthermore, the serial correlation in prices
is not solely determined by the dynaﬁics in supply but also by the dyna-
mics of related variables. Least squares estimates of 60, 61 and 62 in equa-
tion (7.10) are consistent and can provide soﬁe insight into the dynamics of
‘ the price and the land allocations processes, through the identification of

v

If 61 is positive and 62 negative, it is evident that A, > 0 and therefore

X
1’ 1
the supply seems to be subject.to adjustment costs (d < 0) in production. Is it
necessarily true that in this case there is not a significant effect for the
land fertility deterioration? The answer is no, since soﬁe alternative
explanafions are possible. Ohe case is given in my (1981) paper wherev

it is shown that if an input such as fertilizers is omitted, then the

sign of the root (%) may be reversed even if d is positive. If income

(Y) and the shocks to production (e) are sources of disturbances to

the market, then'one can easily generate long as well as short cycles

in output (consumption) and prices using numerical values for the under-

lying parameters of the model. Taking into consideration the price of

the alternative crop (which is in F),it is possible to imitate the alleged
cross correlations between prices of different crops. The corn-hog

cycle is a natural candidate for this analysis. The argument here is

that the regular cycles in the corn-hog industries and the cattle indus-

tries could be explained by the dynamic aspects of the production process.
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These industries require inventory of the output for the reproductive
activity and, therefore, the production process includes enough dynamic
elements that can explain the cyclical movements of these industries.

Nerlove et al. (1979a) analyzed some aspects of these issues within a quadra-
tic producer behavior model. However, they did not identify the =ffect

of the equilibrium on the joint dynamic movements of all the variables.




8. Conclusion

The linear rational expectations models which have been recently
developed in the macroeconomic literature proved here to provide a use-
ful methodology for analyzing and estimating agricul:zural supply elasticities
as well as for interpreting the cyclical behavior of agricultural markets.
A simple model provides a supply equation that is conceptually consistent
with the tfaditional basic agricultural supply_equation. I argue
against using adaptive expectations methods, but
I show that empiri-ally the different expectations models give rise to
observationally equivalent models. Although the very simple model hefe
'giveé rise to complicated non-linear restrictions on the land allocation
decision fule, I provide a simple estimation.method for the supply elastici-
ties with respect to expected changes in prices. Finally, I show that this
model provides a simple rationale for cobweb cycles that previously have
bbeen alleged to be explained by farmers' stupidity.

Given the available econometric methods the estimable dynamic hodels
and the consistent definitions of supply elasticities, the real objective
is to explore the available aggregate and, in particular, farm level data,
tovprovidé evidene and to shed more light on the actual facts of the dyna-

mics of agricultural supply.
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Footnotes

lThe above list of papers is a small selection of important articles
in this line of research. Other significant contributions could be found
in the -eference list of those papers 1 do mention.

The cobweb model was designed Originally by Ezekiel (1938) to
ekplain the so-called stylized facts on agricultural markets, e.g., the corn-
hog cycle. Muth (1961) in his classical paper on rational expectations
discussed the 'Rationality and Cobweb Theorems'. He cited two objections
- to the cobweb model: (i) the model assumes that farmers do not learn
from experiénce; (ii) the observed hog cycles in the 30's were too long
'_in order to be explainéd by the cobweb theorem (Coase and Fowler, 1935).
Muth was concerned with the cobweb model since it introduced a negative
characteristic root into the moviﬁg average of quéntities and, therefore,
was considered as a successful explanation of cycles, while his equilibrium
model with inventories had a positive root. Muth correctly claimed that by
consideration of serial correlation in the shocks to supply his model

could accourt equally well for the observed phenomenon.

3In Nerlove (1958) and throughout the agricultural supply response
literature a production function such as (2.1) (without shocks) has been

assumed implicitly or explicitly.

4Obvious candidates are weather variables such és rain, wind, flood,
etc. Here the production relation (2.1) implies that output decisions are
done entirely during planting time. However, there are large differences
in output due to differences between cultivated and harvested area. The

shocks here may capture some of this element but not in a fully satisfactory

way.
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5 ‘s . . . . . .
Additional discussion of these issues exist in Eckstein (1981).
One can easily specify an explicit production function that yields a cost

function like (2.3), given that some other input prices do not change.

Inventories play an important role in the determination of the dyna-
mics of prices, output and consumption. However, in this paper I focus on
ﬁhe dynamics that emerge from production and,therefore, I abstract from
the role of inventories. Muth (1961), Aiyagari et al. (1980), Eichenbaum

(1981), and Wright and Williams (1962) analyze the dynamic effects of

inventory in models that are closely associated with the model that I present here.

7See Sargent (1979) and Hansen and Sargent (1981) for detailed proof

and description of this result.

8 . . PP ’
See Sargent(1979) for discussion and definition of the concept of
'certaingzequivalence. As of now there does not exist a close form solution

for nonlinear dynamic models.

9For a study that emphasizes the correlations between the shock and
the priée, see Wright and Williams (1982). These and other studies that
calculate producers' and consumers' surpluses show that quantitatively a
shock tc the slope of the supply equation may have a significant difference
in the relative gains of producers and consumers from stabilization programs
vis—-a-vis én additive shock to supply.

10Formally problem (3.1) is not well defined unless the distribution

on the uncontrollable stochastic processes is specified.

llLet the autoregressive representation of Z be A(L)Zt = e, where €

is (1 x n) vector white noise, A(L) = I - AlL - A2L..:"AI_Lr then Hansen

and Sargent (1980) extension of Wiener-Kolmogorove prediction formula is
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v L a0 " la) ] -1 ril i (g ) 3L 4 )
I WEz,) - = 2087 ¢ A

j=0 1- ABL'l j=0 k=j+1

where [A] < 1. and the moving averages of Zt is given by Z, = A(L)blet.

12Note that not every moving averages has an autoregressive representa-

tion. Only fundamental processes have an invertible moving averages repre-
sentation. The class of exact finite ordér autoregressive processes is

even smaller. In.section 7 I show an example in which the equilibrium

law of motion of pfices can be written as a univariate ARMA (2,1) which

may not be fundamental. Nerlove at al. (1979a) introduced

the term '"'quasi-rational expectations"for the method for solving'fhe decision
.rule by using a univariate ARMA process for prices which is not computed

from the equilibrium.

13 ' -
To verify (3.5) one should use footnote 11 and specify the vector ARMA

precess for Z;; = [Pt’ St’ Ci, Fi Ii].

4
Observe that using Hansen and Sargent's formula,I get

5 3 1 ° 5.
El ) ap J= ={EDL] »p . 1-p)
t 420 t+144 At 520 t+] t
P ‘ AS_ P
"% { t 5=+ 2 t=1 7 - Pt}' wvhere A = 118 .
(1 =82 =517 1-6%-6,

15This result can be interpreted as crop rotation and may give rise

to a cobweb cycle in production (see section 7).




41

16, . . X . . .
This assignment is equivalent to tracing out the moving averages

of the bivariate stochastic process (3.8) and (3.9).

7The exposition here follows Nerlove (1958, 1979). I omit the explicit pre-

sentation of the adjustment equation and the error term in orde - to simplify the

discussion.

18Ezékiel's (1938) cobweb model is equivalent to the case where

§ =1 and vy = 0. Nerlove (1958) showed how one can use his model to test

the 'naive' expectations hypothesis where 6§ = 1 in equation (4.2).

9Hansen and Sargent (1982) discussed Kennan's (1979) method versus
their NLIV method. Both papers were concerned with estimating Euler equa-
tions that come from a linear-quadratic optimization problem.

20 © : L.
i i i finite i =
If {zt}t=0 is a stochastic process with a mean and if Etzt+l 0

then

@) 21 = ben
(11) E ¢4y =0
(iii) E(z

t+l¢t+l) =0

This is a standard result in statistics that is used here.

Footnotaes to section 7

21Pt is an ARMA (2.1) process. It does not have an autoregressive

of representation if

1 | <1
A AV
fu3mig

z = | -

This is a possible outcome of the model that should be seriously considered
in estimating land allocation decision rules or price processes. Standard
estimation methods of ARMA models (Box and Jenkins) and VAR's (Sims) require

the existence Of an autoregressive representation for the estimated process.
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