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Macroeconomic Determinants of Relative Wheat
Prices: Integrating the Short Run and Long Run

Mark Denbaly and Davi

d

Torgerson

Abstract. Prior empirical studies ignore that
markets, subject to overshooting, determine farm
prices and mactoeconomic vartables jointly So,
these elasticities are statistically unreliable Using
cotntegration, with all variables determined simul-
taneously, we find that instantaneous wheat price
elasticitres with respect lo the real exchange rate
and interest rate are -1 27 and -1 97, respectively
Here, we measure the amount that the wheat price
overshoots its equiltbrium The extent of overshoot-
tng differs for different monetary policy regimes
However, 57 percent of the deviation from longrun
equilibrium 1s corrected within two quarters

Keywords. Relative prices, real exchange rate, real
rate of interest, cointegration, commodity prices,
overshooting, and error-correction models

Over the past decade, analysts have determined
that macroeconomic developments have important
effects on the agricultural economy through rela-
tive farm-to-nonfarm prices We will refer to such
farm prices as relative farm prices The magni-
tudes of the elasticities of relative farm prices,
however, with respect to such key macroeconomic
variables as the exchange rate and the interest
rate, are still contested—for two substantive
economic reasons

First, theoretical work assessing the magmtude of
the exchange-rate elasticity of the farm price has
demonstrated that it 1s necessary te include all
macroeconomic variables and treat them as en-
dogenous 1n empirical models This result occurs
because the range of theoretically admissible
values of the exchange-rate elasticity of commodity
prices expands as more macroeconomic variables
are treated as endogenous In static single-market
models with an exogenous exchange rate as the
only macroeconomic variable, the theoretically
derived elasticaity of the commodity price with
respect to the exchange rate 1s, 1nclusively,
between -1 and 0 Orden (1986) shows, the-
oretically, that 1f the exchange rate and national
income are mncluded and treated as endogenous,
this elasticity will not be restricted to values
between -1 and 0 ! With money demand depending
on real income and a rapidly clearing money
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1Sources are histed in the References section at the end of this
article

market, he shows that a change 1n the money
stock induces a percentage change 1n the relative-
farm-to-nontradeable-goods price, which may ex-
ceed the percentage change in the real exchange

rate Chambers and Just (1986) stress more
general models and show that in theory the
admissible exchange-rate elasticities of agri-
cultural prices may be even less restricted 1f
interest rates were also to be endogemzed They
argue that making interest rates endogenous will
allow a model to account for the dumping of grain
stocks on world markets 1n response to tightening
Federal Reserve pohcy After the above discus-
sions, 1t was clear that to estimate correctly the
elasticity of a farm price with respect to a
macroeconomic variable, all macroeconomic vari-
ables need to be 1ncluded and treated as en-
dogenous However, the practical difficulty of
estimating such a large econometric system has
been overwhelming

Second, Lo estimate properly the relative farm
price elasticities with respect to macroeconomic
variables, the dynamics of relative farm prices
must be accounted for This 1s because the
magnitudes of these elasticities are affected by the
atypical shortrun reaction of relative agricultural
prices to changes in monetary policy That 1s, 1n
the short run, relative farm prices react to
monetary policy by more than they do in the long
run

The atypical relative price dynamics 1s caused by
what Dornbusch (1976) defined as overshooting
Overshooting 1s a more-than-proportionate short-
run response of a nominal asset price, such as a
farm commodity price, to a change 1n money
growth The shortrun ngdity of manufacturing
and service prices ensures this disproportionate
response Because of this general price ngidity, a
change 1 nominal money supply affects the real
money supply, which, 1n turn, influences the real
interest and exchange rates in the short run by
more than required in the long run The en-
dogenous shortrun reactions of real interest rates
and exchange rates induce the more-than-
proportionate reactions of flexible asset prices,
such as farm commodity prices2 The specific

2Unhke prices for manufactured goods and services, the prices
for farm commodibies as well as financial assets are determined
in auctlon markets and are thus highly flexible in the short run
(Okun, 1981)
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mechanisms by which monetary policy influences
shortrun neminal farm price dynamics differs for
open and closed economies For example, in an
open-economy model, a dynamic farm price adjust-
ment is caused by the farm-export-demand éffects
of the real exchange rate response to a change 1n
monetary policy (Stamoulis and Rausser, 1988)
While, in a closed-economy model, a dynamic farm
price adjustment 1s caused by crop-inventory-
demand effects of the real interest rate response to
a change 1n monetary policy (Frankel, 1986) 3

Consequently, overshooting could substantially dis-
tort the relative farm prices in the short run,
influencing the magmtudes of their elasticities
with respect to macroeconomic variables Thus,
any attempt to measure the relative farm price
elasticities must take into account the atypical
relative farm price dynamics, which has not been
done before :

The objective of this analysis 1s to estimate the
macroecenomic elasticities of the relative wheat
price, measuring the magnitudes of shortrun
deviations from longrun equilibrium and the speed
with which the relative piice approaches its
longrun equilibrium level To this end, the relative
wheat price 1s modeled using cointegration meth-
odology that joins, 1n an econometrically acceptable
manner, the longrun trend relationship between
the relative price and 1ts determinants, mecluding
macroeconomic variables, into a shortrun dynamic
equation The dynamic equation, referred to as an
error-correction model, 1dentifies how the rate of
growth of the relative price responds to its
shortrun deviations and to changes in the 1ates of
growth of its longrun determinants Thus, by
accounting for the dynamics of price adjustments
and treating all variables as endogenous, the new
methodology resolves the two difficulties 1n
estimating the elasticities of relative prices with
respect to macroeconomic variables

Cointegration and Error-Correction
Models

Advances 1 cointegration by Engle and Granger
(1987) and Johansen and Juselius (1990) piowide
the tools to apply dynamic error-correction models

3Although the overshooting Literature emphasizes the implica-
tions of nominal price dynamics, ' the impoertance 15 not the
overshooting result per se but the possibility that relative prices
of farm products can be affected by monetary policy ' (Stamoulis
and Rausser, 1988, p 185) Agricultural production and real
farm income are strongly influenced by relative farm prices
Monetary policy, via commodity overshooting, alfects relative
farm prices Thus, in the short run, monetary policy influences
real farm income and agricultural production Tight monetary
policy 15 an impleit tax on faim production and farm income

(ECM’s), first suggested by Sargan (1964), that
account exphatly for the dynamics of shortrun
price adjustment toward longrun equilibrium
When vanables 1n an equation are nonstationary,
spurious regression results are hkely, in which
case correlated stochastic trends result in a high
R?, and nonstationary residuals produce a low
Durbin-Watson statistic The usual solution to
achieving stationarity 1s to estimate the model 1n
first differences However, this first-differencing
typically results in a loss of information concermng
the long-term relationship between the variables

Cointegration analysis resolves this problem by
identifying conditions under which a relationship
i1s robust (Engle and Granger, 1987) If variables
are comntegrated, longrun trends (secular compo-
nents) of time series variables adjust in accordance
with an equilibrium constraint, and the shortrun
dynamies (cyclhical components) conform to the
class of ECM’s That 1s, while stochastic trends
cause the variables to wander apparently ran-
domly, the time series vaniables eventually follow
one another 1if they are cointegrated In this way,
cointegration and error-correction modeling re-
mtroduce, 1 a statistically acceptable way, the
longrun information omitted from the differenced
models

Consider the simple case of two endogenous time-
series variables, x, and z,, with single-unit roots
whose first differences are stationary 4 The lLinear
combination, referred to as the cointegrating
equation

w, =x, —a - bz, (1)
15 generally I(1), where a and b are constants
However, 1if there exists an a and b such that w, 1s

level stationary, I(0), then x, and z, are said to be
cointegrated, and the relationship

x, —a— bz, =0, (2)

1s the cointegrating or equilibrium relationship

with w, representing the equilibrium error When
cointegrated, the shortrun dynamic processes
through which the series adjust toward their
longrun equilibria are represented by constrained
ECM’s The ECM’s specify that the first differences
of x, and z, are functions of distributed lags of first
differences of both variables as well as the once-
lagged equibibrium error, w, ;, referred to as the
error-correction term (ECT) Because the series are

1A variable 15 integrated of order d, I{d) if 1its dth difference 1s
a stationary, invertible, nondetermimistic ARMA process A
vanahble integrated of degree zero 15 theiefore stationary in its
level
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cointegrated, the ECT 1s stationary, matching the
I(0) first differences Hence, the least squares
standard errors of the ECM, using the ordinary
least squares residuals of equation 1 in place of
the ECT, will be consistent estimates of the true
standard errors (Engle and Granger, 1987, p 262)

In the bivariate case, the cointegrating vector, [1,
—b], must be unique since any other parameter, say
(b+c), 1ntroduces the additional nonstationary
term, cz, When more than two variables are
involved, the cointegrating vector may not be
unique Engle and Granger's two-step procedure
assumes a unique comtegrating vector So, their
cointegration test does not distinguish between the
existence of one or more cointegrating vectors
Johansen and Juselius {1990) provide a maximum
likelithood procedure to estimate the parameters of
and to test for the number of cointegrating vectors

The modeling of macroeconomic and relative farm
price vartables i1s a natural application of comn-
tegration, since the overshooting hiterature demon-
strates that relative agricultural prices exhibit
shortrun departures from longrun equilibrium
Cointegration analysis determines the longrun
relationships between the observed values of the
relative wheat price and the other time series
involved, where the residuals measure the extent
of disequihbria And, the ECM describes the
shortrun dynamic adjustment of the relative wheat
price

Empirical Results

The solution to a typical static general equilibrium
model specifies that the relative wheat price, P,
depends on the real exchange rate, Q, real
domestic income, Y, real foreign income, Y*, real
interest rate, R, and the wheat stocks carned over
from the last period, S (see app I) Assuming a
log-hinear function, the relative wheat price model
15

inP =k + ain@ + binY + clnY* + dinR + elnS, (3)

where k, a, b, ¢, d, and e are constant parameters

Cointegration and error-correction modeling 1n-
volves three steps First, the order of integration
for each variable is determined If a series 1s
nonstationary, 1t will be successively differenced
until stationarity 1s obtained Second, if nonsta-
tionary variables are integrated of the same order,
a lmear combination of them can be stationary
The Johansen-Juselius procedure tests for coin-
tegration, 1dentifying the number of cointegrating
vectors Finally, if the cointegrating vector 1s

unique, the OLS residuals from equation 3 can be
used to measure the equilibrium error, ECT, to
proceed with the estimation of the dynamic ECM

Data

The data are quarterly and cover the 1977 4-
1989 4 period The relative wheat price 15 meas-
ured by the ratio of the seasonally adjusted (fourth
difference) wheat (Chicago no 2 soft red winter)
price to the Nonfood Consumer Price Index The
real exchange rate 1s a wheat-trade-weighted 1ndex
of the real value of the US dollar U S dispesable
personal income (constant 1982 dollars) represents
the real domestic mcome The index of OECD’s
quarterly industrial production 1s a proxy for
meome of major US wheat importers—a seres
which 1s not available The real interest rate 1s
calculated by subtracting the rate of inflation
(measured using the Consumer Price Index) over a
quarter from the prime rate at the beginming of
the quarter Beginning stocks are the de-
seasonalized total wheat inventory measured over
noncalendar quarters, for example, December-
February DBecause deseasonalizing prices and
inventories removed the overall mean, all other
series were also expressed as deviations from therr
means

Integrating Properties of the Variables

Umt-root test procedures developed by Fuller
(1976) and Dickey and Fuller (1981) are applied to
examine the orders of integration The procedure
starts with the following regression

m

Az, = a + Bt + {(p-lyz,; + Elp, Az, , + e, (4)
=

where z 15 the vanable under consideration, Az, ,
18 the first difference at time t-1, and m 1s the
number of lags that ensures adequate representa-
tion of the time series z, that 15, when the error
term, e, 15 white noise The null hypothesis for a
umt root requires that p=1, mn which case the
variable z 15 said to be nonstationary The statistic
used for the test, named ., 18 the usual t-statistic
calculated under the hypothesized null However,
the 7, statistic 15 not distnbuted as the standard t
Fuller provides the critical values for the 7,
distribution

If a unit root 1s detected, 1t 1s possible that a
second unit root exists as equation 4 has m
characteristic roots In this case, application of the
same procedure to the first difference of a variable
tests for possible existence of a second umt root
Because the vamable of interest 1s the first
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difference of z, model (4) without the deterministic
time trend and drift 1s estimated Once again, the
statistic used for the test, named 5, 15 the usual
t-statistic calculated under the hypothesized null
whose critical values are reported in Fuller If a-
second umit root 1s found, the procedure will be
continued until the order of integration, that 1s,
the appropriate number of differencing to achieve
stationanty, 15 1dentified -

To determine the order of autoregression, m, the
Akaike (1977) information criterion was applied,
which indicated that variables in equation 3 are
generated by AR(1) processes > Other tests for
additional lag terms indicated that AR(1) was
sufficient to represent these processes's

The outcome of the tests are similar for all series
(table 1) The null hypothesis of a umit root could
not be rejected at the 10-percent significance level
The results using first-differenced data unan-
mmously rejected the hypothesis of second-umt
roots 8o, each seres 1s charactenized as a
nonstationary I{1) process

Cointegration Test

Because all vanables are I(1), one or more linear
combinations of these series could be stable 1n the
long run if they are cointegrated To test for
coantegration, the Johansen-Juselius maximum
likelihood procedure 1s apphed The procedure
involves the 1dentification of rank of the matrx [l
n

k
X, =90+ 211, X, , +e, (5)
=1

where X, 15 a column vector made up of p (here
s1x) series 1nvolved 1n the analysis The procedure
15 based on the error-correction version of equation
5 7

k-1
AX, =@+ ST, AX_ + T X,, + e, 6)
=1 -

where I' = -[1 - II, -
Inm=-I-rI,-

-1} fer1 =1, k-1, and,
— Il,] Johansen and Juselius show

"These findings are also consistent with behaviors of autocor-
relation and partial autocorrelation functions of the variables

SThe test 15 based on Fuller's proof (1976, chap 8) that while
the hmit distributions of OLS estimators of «, B, and p are not
normal, the distmbution of such estimators for p,’s converge n
the limit to a multivanate normal Consequently, an ordinary
t-test ean be used to tesl for Lhe possible existence of an
additional lag

7Equation 6 15 derived from equation 5 Any autoregressive
time series of order k can be wntien in terms of 1is first
difference, 1Ls level lagped k times, and k-1 {irst differences
(Dickey and others, 1991)

30

Table 1—Unit-root tests, I(1} and I(2)

Levels, Dafferences,
Vanable! H, 1(1)2 H, I2p
Relative wheat price -192 -513
Real exchange rate -194 -5 18
US disposable income -142 —4 68
OECD ndustrnal production -176 -4 55
Real interest rate -167 -6 90
Wheat mventory -276 -7 44

1All vanables are 1n logarithm

2Cntical values 1, for n = 50 are -3 18 and —4 15 at 10- and
1-percent significance levels, respectively

3Cntical values of 1 for n = 50 are -1 61 and -2 66 at 10- and
L-percent significance levels respectively

that if the rank 1s zero, the variables are not
cointegrated However, if the rank 1s r, there exist
r possible independent stationary hnear combina-
tions In the latter case, equation 6 represents an
ECM described by Engle and Granger

The tests to determine the rank of Il involve the
estimates of the ordered eigenvalues, \,> =X,
from the characteristic equation

I)\Skk - Sku(Sao)_lsokl = O:

where S, = T-? T, RR), for1,) =0k, and T 1s
the sample size The R, and R,, are the OLS
residuals obtained by regressing AX, and X_, on
an ntercept and AX, ;, ,AX,,.;, respectively
First, test that the rank of T1 15 less than or equal
to one, that 1s, H, r < 1 The hkehhood ratio
statistic, called the trace, 1s given by

p
—2In(Q) = - T X In(1-)\)
1=2

If the null hypothesis 1s not rejected, the hypothe-
sis that the rank of Il 15 zero should be tested, or
H. r = 0 The trace statistic for this test 1s

o

P
“2n(@) = — T 5 In{1-),)
=1

If the null 1s not rejected, then the rank 1s zero
and the series are not cointegrated Otherwise, one
would conclude that a umique cointegrating vector
exists

An additional statistic, called the maximal eigen-
value statistic, provides evidence that should con-
firm the inference obtained by the trace statistics
For example, given that r < 1, the maximal statistic
for the null hypothesis that the rank 1s zero 1s

-2In(Q, 1=0Ir<l) = — T In(1-\p)




Simlarly, if the trace statistics cannot reject the
hypothesis that r < 2, then the result that r=1 can
be confirmed by the maximal statistic

-2In(Q, r=11r<2) = — T In(1-1})

The distributions of these statistics are not the
usual chi-square Johansen and Jusehius provide the
asymptotic critical values

The lag structure of equation 6 must be determined
to conduct the test One lag proved to be sufficient
usmg the Akaike information criterion The trace
statistic for the null hypothesis that r < 1 was 62 4,
indicating that the hypothests of at most one
comntegrating vector cannot be rejected at the 10-
percent sigmficance level Because the dimensions
of the distribution tables 1n Johansen and Juselius
are hmited to five series, the trace and maximal
tests for r = 0 could not be performed Instead, the
trace test was used for the hypothesis that r =< 2 At
34 64, the null could not be rejected at the 20-
percent level Having accepted this null, we used
the maximal statistic to test that r = 1 against the
alternative that r = 2 At 21 84, the statistic could
not, at the 50-percent significance level, reject the
null that there exists a unique corntegrating vector

Error-Correction Model

Engle and Granger proved that comntegration im-
plies an ECM Since the vanables 1in equation 3 are
comtegrated, the shortrun dynamics of the relative
wheat price follows an ECM that relates 1ts growth
rate to 1ts past deviations from longrun equilibnum,
that 1s, the ECT, and to the growth rates of the
other variables (see appendix II) Uniqueness of the
comntegrating vector means that the estimated
residual of the cointegrating equation represents
the equuhibrium error

A major decision 18 the choice of lag length Because
of the complexity of dynamic relationships, the
orders of autoregressive-distrabuted lag (ADL) struc-
ture of ECM’s may be comphcated (Engle and
Granger, 1987)8 To find the lag lengths, Hendry's
general-to-specific modeling strategy 1s followed,
which estimates an unrestricted ADL version of the
model first and, then, ssmplifies the representation
by ehminating the lags with insigmficant param-
eters ® Since the data are quarterly, four lags of
each varnable were included mitially However,
because of high correlation (0 95) between the

8In a money demand study, Hendry and Encsson (1991), for
example, estimated an ECM which includes nonhnear ECT's,
first differences, second differences of lagged levels, and the rate
of growth over the past two periods

Cgﬂendry's software package, PC-GIVE, 15 used to estimate the
ECM

logarithms of US disposable personal income, y,
and OECD industmnal produciion, y*, the X matnx
was singular Only current y* could be included for
the matrix to be invertible In addition, lags 2-4
were msignificant for all other variables Subse-
quently, the analysis of lag structure was performed
for four lags of y, current y*, and one lag of all
other series Based on these results and tests on the
significance of each varnable and each lag, the basic
model was obtamed by eliminating y*, the lagged
dependent variable, all but Jags 3 and 4 of y, the
first lag of the ECT, and the constant term

The final stage 1s to transform the basic equation
such that all vamables are 1{(}), and so that the
standard inference procedure apples to all tests As
Hendry (1989) points out, domng so results in a
nearly orthogonahzed specification of the ADL The
earher umt root tests established that all time
series are AR{1), so that thewr first differences are
I(0) (table 2)

All estimated coefficients are statistically significant
and have the expected theoretical signs (see
appendices I and II) A battery of tests are used to
validate the mode! As far as the residuals go, the
DW statistic provides no evidence of serial autocor-
relation, the LM test supports a white noise
process, and the Jarque-Bera test indicates an
approximately normal distribution The RESET and
Whate tests provide no evidence of heteroscedastic
misspecification 10

Table 2—The error-correction model

Standard

Vanable Coefficient error t-value
Ag -127 0 407 -3 11
Ay, 5 170 863 197
Ar -197 593 -3 33
As -32 075 — 22
ECT, , - 57 088 -6 39
R2 = 62 o= 066 F(5, 44) = 14 52 DW =232
Jarque-Bera test of normality Chi2) =137
LM test of 4th order autoregressive

errors F(4, 40] =159
White's test of heteroscedastic errors F[10, 33] = 68
RESET speafication tesi Fl1, 431 =222

The dependent variable 1s Ap A 1s the first difference operator
P. 9, ¥, r, and s are the logarithms of the relative wheat price
real exchange rate, US disposable income real interest rate,
and beginmng inventory respectively The sample penod 1s
1977 4-1989 4

WAnR extensive battery of parameter constancy tests using
recursive eslimation for the out-of-sample pertod 1983 3 1989 4 1s
also conducted Chow tests, recursively estimated parameter
values, and residuals along with their standard errors strongly
suggest that the parameters are constant The i1esulis are
available on request
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The estimated ECM quantifies the effects of
macroeconomic shocks characterized as significant
upon relative agricultural prices (for example,
Rausser and others, 1986) Consistent with Orden’s
theoretical result, the elasticity of the relative
wheat price with respect to the real exchange rate
exceeds umty The significant negative price 1nflu-
ence of real appreciation of the dollar through its
effect on the wheat export demand 1s even more
profound if the exchange rate itself overshoots 1ts
equilibrium in response to a monetary shock

The relative wheat price 15 even more elastic with
respect to the real interest rate The statistical
significance and magnitude of the elasticity confirm
the theoretical expectation that interest rate move-
ments have important negative effects on cirrent
commodity prices via their influence on the demand
for mventory (for example, Frankel (1986), Cham-
bers and Just (1986), and Gardner (1979))

While the coefficents indicate large immediate
responses to changes n the dollar's value and the
interest rate, the negative coefficient of the ECT
ensures, consistent with overshooting, that longrun
equbbrium 1s achieved The adjustment toward
equihbrium 1s not instantaneous, however Fifty-
seven percent of any quarter’s deviation from
equihbrium 1s incorporated into the next two
quarters’ growth rate of the relative wheat price
The direction of departures from equilibrium re-
ported (fig 1) 1s also consistent with the conclusions
of the overshooting analysis {for example, Stamoulis

Figure 1
Relative wheat price departure from

equilibrium
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and Rausser, 1988} Duning the accommodative
monetary policy of the late 1970's the relative
wheat price was usually above its equilibrium
During the tight monetary policy and high budget
deficits of the early 1980’s, the relative wheat price
was usually below 1ts equilibrium values When the
Federal Reserve began to ease monetary policy mn
the fourth quarter of 1982, the relative wheat price
rose above 1ts equlibrium level The Federal
Reserve pursued a relatively tight monetary policy
between 1986 and 1989, and the relative wheat
price was below 1ts equilibrium for much of that
period

Over the sample period, the magnitude of the
deviation from equilibrium has been large at times,
reaching 28 percent 1n absolute value The relevant
policy question is Should there be an agrcultural
policy response to such laige shortrun relative price
departures? The present analysis does not provide a
clear-cut answer to this question As our analysis
demonstrates, 57 percent of any shortrun departure
1s corrected for in the following two periods If a
monetary shock, for example, 18 temporary, then no
agricultural policy action 15 called for Just and
Rausser (1984) have discussed, however, alternative
agricultural public policy options for situations
under which continued adverse macroeconomic
conditions cause relative farm prices to fall below
their longrun equilibrium for extended periods of
time

Conclusions

There 15 no question that macroeconomic develop-
ments alter the economic well-being of farmers The
theory tells us that changes 1in macroeconomic
policy produce real economic consequences for the
agricultural sector through generating an atypcal
relative farm price dynamic The theory also tells us
that the relative farm price impact, for example, 15
carned through the real exchange rate and the real
interest rate In particular, because of the general
price level rnigdity, the relative farm price over-
shoots 1ts longrun equilibrium level 1n the short
run

But, how sigmficant are the macroeconomic effects?
No cone knew Any empirical assessment of the
above theory depends on the ability to join the
shortrun and the longrun dynamics to measure the
size and duration of the relative-price overshooting,
as well as to estimate the macroeconomic
elasticities of relative farm prices If the deviations
from longrun equihbrium are small, the economic
effects will be 1nsigmificant no matter how long the
duration If the size of the overshooting 1s large.
then the economc effects will be sigmificant,
especially 1if the duration 15 long Here, the




significance of these macroeconomic impacts for the
wheat market 1s measured The largest overshoot-
ing happened 1n 1983 3 when the relative wheat
price overshot its equihibrium by 28 percent during
a period of accommodative monetary policy Almost
60 percent of a departure from equihbrium n any
quarter 1s incorporated into the growth rate of the
relative wheat price in the followang two quarters

Our empincal study reveals the extent by which
. monetary policy can affect the relative wheat price
in the short run, particularly through its effect on
the real exchange rate and the real interest rate
During the periods of expansionary monetary policy,
the wheat price mises relative to 1its equilibrium
level Specifically, the relative wheat price 1mme-
diately increases by 127 percent to a l-percent
depreciation 1n the real value of the dollar and by
197 percent to a 1l-percent dechne in the real
interest rate This means that expansionary mone-
tary pohicy disproportionately benefits wheat pro-
ducers, relative to noncommodity sectors, in the
short run as relative wheat prices overshoot and
real interest rates decline Conversely, tight mone-
tary policy hurts wheat producers in the short run
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Appendix I—The Canonical

Static Model

Consider an economy that consumes two distinct
types of goods tradeable commodities, which are
internationally arbitraged, and nontradeable goods
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with sticky prices Excluding information or trans-
portation costs and assuming no trade barrers, the
law of one price (LOP) applies to commodities at
any time Under such conditions, the real exchange
rate, defined as the dewiation from purchasing
power parity, 1s determined by the relative interna-
tional price of nontradeables (Dornbusch, 1985)
Stated 1n real terms, the LOP can be expressed as

PC* (E' X PN (PC)
= — Al
PN*) PN* PN}’ (AD
where “*” denotes foreign variables, PC and PN are

the domestic currency prices of the commodities and
nontradeables, respectively, and E 1s defined as the
domestic currency price in world money Denoting
the real exchange rate with “@,” and domestic and
foreign relative commodity prices with “P” and “P*,”
respectively, the equilibrium condition (Al) 1s
restated as

=@ xP (A1)

Let export demand, X, be represented with the
following function

X = x(PC*, PN* YN*),

80X <0, 0X ond 2X . (A2)
apPc* APN* aYN*

where YN* 1s nominal foreign income The function
X 15 homogeneous of degree zero 1n nomnal prices
and mncome So, (A2) can be rewritten as

- x(P*, v X <0 and X >, (A2 1)
X = x( ), P oy

where Y*=(YN*/PN*) 1s real foreign mcome and
P*=(PC*PN*) Substituting from (Al 1) into (A2 1),
we have

X = x(@XP, Y% (A2 2)
Simylarly, domestic demand, D, 1s given by
D = diP, ), 22 <0 and 22 >0, (A3)

where Y 13 real domestic income, and, as before, P
15 the domestic price of tradeable commodities
relative to nontradeable goods

Finally, allow the inventory demand, I, to be
described by
(), X <, (A4)

aR

where R 1s real rate of interest
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Gaven this structure, relative price 1s determined by
the equilibrium condition that markets clear 1n the
short run Because agriculture 1s the focus of this
analysis, in the short run, that 1s from quarter to
quarter or month to month, expected production is
assumed constant Therefore, intrayear supply for a
given period 1s the total stocks carried over from
the last period That 1s,

X+D+1T=8§, (AB)
where S 1s the predetermined current supply

Now, substituting for X, D, I from (A2 2), (A3), and
{A4) 1nto (A5) and solving for domestic relative price
yields

4

P=fl@ Y YR 9, (AB)

where P 15 the equilibrium level of current relative
price Comparative statics show readily that, given
the assumptions made so far about the signs of the
partial denivatives, we must a priort expect to have

dP

dP g dP o dP ., dP _ <0, and 2% <0

dQ ' dy* ' dy dR

Appendix [I—Shortrun Dynamics of
an Error-Correction Model

The first discussion of ECM's appeared in Sargan
(1964), before Engle and Granger developed the
concept of cointegration ECM’s are built around the
notion that available data summarize the forces
mvolved in a dynamic process of convergence
toward longrun equibibrium values As Engle and
Granger show, 1if an I(1) vector of economc
vanables 1s generated by an ECM, the series must
necessarily be cointegrated In other words, as n
the context of cointegration, ECM’s define longrun
equillbrium as a stationary linear relationship
similar to equation 2 However, Sargan motivated
ECM's by defiming longrun equilibrium as in the
steady state In the context of our price model,
equation A6, the steady-state equilibrium would be

P=KGQ Yo Y Rd S (A7)
Equation A7, which represents the stable longrun
relationship, 18 linear in the loganthms of the
variables, that 1s

P = v+ 2y (A8)
where p 1s the logarithm of relative wheat price, v,

15 the logarithm of the intercept K inrequation A7, z
15 the loganthm of the row vector containing the




determmants of relative wheat price, and v is the
column vector [a, b, ¢, d, )’ To allow convergence
to longrun equilibrium, some sort of shortrun
dynamics 1s needed To illustrate the mechanics of
convergence, assume the simplest case of an AR(1)
type process

Pe = aPey + B + 28 + (A9)

where lal < 1, w 1s the intercept, 8 15 a column
vector of shortrun price elasticities, and & 15 a
serially uncorrelated error term with a constant
variance and zero mean

Given the shortrun dynamic model A9, the steady-
state solution can be obtammed when longrun
equilibrium 15 defined as a dynamic steady state, 1n
which all equilibrium values grow at a constant

rate To see this, rearrange A9 by subtracting p,_,
from both sides, and adding and subtracting z,_,8
from the nght-hand side to obtain

g, =+ g0+ (a-1) [p,_; — z,_;(1-a)20] + &, (A1Q)

where g, is the growth rate of the relative wheat
price, and g, 15 the row vector of growth rates of the
vanables 1n z The term inside the brackets in
equation AlQ0 provides the error-correction mecha-
nism If the demand, p, rises above 1its longrun
equibbrium level at time t-1, the term in the
brackets becomes positive However, because (a-1)
15 negative, 1ts effect at time t 1s to reduce the
growth rate of the observed p toward its steady-
state path For this reason, equation Al0 15 referred
to as an error-correction model
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