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The 1mpact of monetary policy on agriculture has been much debated. This study
examines the dynamic responses of U.S. agricultural prices to money-supply shocks
using three innovations. First, the variables’ responses are identified by long-run
money neutrality restrictions instead of the more common contemporaneous ordering.
Second, a Bayesian approach to model uncertawnty 1s used to add robustness to the
estimanion process. Third, agricultural prices are disaggregated into crop and
livestock components. The empirical results find that both agricultural sectors benefit
tn the short run from positive money-supply shocks with agricultural prices

increasing relative to the general price level.
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As U.S. agriculture has become more integrated
into the rest of the economy and exports play
an enhanced role in the demand for U.S. agri-
cultural products, the impact of monetary
policy on the farm sector has been pushed to
the forefront. In particular, researchers have ex-
amined whether the responses of agricultural
prices to money-supply shocks differ from
those of prices in the rest of the economy. Eco-
nomic theory provides little guidance; different
production processes, market structure, inven-
tory policy, and reliance on world markets are
just some of the factors that can lead to either
positive or negative, rapid or persistent effects
of money on real agricultural prices. Empiri-
cally, Tweeten has found that expansionary
monetary shocks hurt the agricultural sector by
causing a shrinkage in agricultural prices rela-
tive to other prices, resulting in the so-called
cost-price squeeze. However, Chambers, Cham-
bers and Just, and Orden find that agriculture
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benefits from expansionary monetary shocks
and 1s harmed by contractionary money poli-
cies. Rausser et al. build a highly complex and
disaggregated structural simulation model of
the U.S. economy which focuses on the agricul-
tural sector. Their simulations show that feed
grains and livestock both benefit from easy-
money policies, with the livestock sector gain-
ing in particular.

The goal of this paper is to reinvestigate the
issue of how agricultural prices respond to
monetary policy relative to the general price
level, while improving on earlier work by add-
ing depth and robustness. These improvements
can be grouped into three main innovations.
First, the variables’ responses to shocks are
identified with the aid of theoretically based,
long-run economic restrictions as first pre-
sented by Blanchard and Quah. The particular
restrictions employed here are those of long-
run money neutrality. Second, due to recent
criticism that such methods are highly sensitive
to model specification (Faust and Leeper),
Bayesian methods are used to add robustness to
the estimated responses by treating the model
specification as uncertain and deriving results
based on a broad range of potentially valid
specifications. Third, agricultural prices are
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disaggregated into crop and livestock price se-
ries to examine the responses of these two
subsectors, and to look for possible differences,
even within the agricultural sector.

Statistical Model of Prices and Money

To estimate the dynamic responses of farm
prices, we embed these prices in a standard
macroeconomic model. We assume that the
economy consists of a bond market; a money
market; markets for cropy, livestock, and en-
ergy; and markets for domestic and foreign ag-
gregate output. We use this framework to model
the dynamic interactions among the equilibrium
values of nominal money. real money, the
nominal interest rate, the real exchange rate,
domestic aggregate output. and the real prices
of the three disaggregated sectors, where real
prices arc nominal prices detlated by the price
of domestic aggregate output. The behavioral
equations describing general equilibrium con-
stitute the structure of the model.

Let y, denote a vector containing the n = §
endogenous random variables listed above. We
assume the structare is consistent with the class
of dynamic, linear, stochastic models, which
can be represented as

(la)
Ay, = (D, + DL+ D,L7 + DL + .. )u, = D(L)u,

(Ib) E(uu/)=1

where L is the backshift operator, A = (I - L).
the D, (s =1, 2, ..., =) are (8 x 8) matrices of
finite coefficients that satisfy lim,, D, = 0,
and w, is a conformable vector of white noise
errors.' Each of the u,, is to be interpreted as an
exogenous structural shock to the jth equation
in the model. For example, if j = 8 represents
the nominal money-supply cquation, then u,, is
a random variable depicting the innovation to
the money-supply process as determined by the
economic behavior of the Federal Reserve and
the financial sector. The structural coefficient
matrices measure the dynamic equilibrium re-
sponses of the endogenous variables to the
structural shocks. Our aim is to estimate dy-
aamic responses to money-supply shocks, ie.,
the eighth column of D, for all s.

" The torm of the structural covarance matrix 1s a normahization
that does not affect the generality of the model
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Identif‘cation

As it siands, equation (1) is consistent with any
linear :heoretical model and contains little em-
pirical content. Without further theoretical re-
strictic ns, the data record does not uniquely
identit / D(L). The sample second moments of
the joint probability distribution generating the
data a:;e fully summarized by the following
Mmoving average representation:

(la)

LY =+ CL o+ CoLY + . )v, = C(L)y,

('b) F(vyv/)=ZX.

fi the data-generating process for Ay, is covari-
ance stationary, lim, , C, = 0. Furthermore, if
C(L) is invertible, the coefficients in C(L) and
X are lirectly obtainable from the vector
autoreg essive (VAR) representation of Ay,

(3)  A(DAy, = C(L)'Ay, = v,

where A(L) =1+ AL + A,L° + ... + A l7. The
lag parameter p, in principle, may approach in-
finity, but in practice it is truncated to some fi-
nire valve.

We e¢xamine the presence of unit root
nonstat-onarity and noninvertibility of the
equation: (2) due to cointegration and find that a
first difference specification without cointegra-
tion s consistent with the data set used in the
applicat:on below * Therefore, we estimate the
VAR mcdel in equation (3) as a step toward re-
covering an estimate of the data-generating pro-
cess desc ribed by equation (2). Previous studies
af the dynamics of farm prices that rely on VAR
models wre Bessler; Chambers; Choe and Koo;
Devados: and Meyers; and Orden and Fackler.
To see -he identification problem, note that
equation: (1) and (2) imply

(4’3) vt = Dnut

(4by T. DD/

and

" Bayestat and sampling theoretie unit roat tests on the set ot
dita showed hat all the series can be reasonably characterized as
being antegie ed ot order one The results of Bayesian and sam-
pang theotet  comtegration tests support invertibility Johansen’s
comtezgralion test could not reject the null of no comtegration at
tcasoable seatfrcance levels, while Bayestan comntegration tests
eithe tavorec the hypothests of no comntegration, or had posterior
SLpPCIt taal vds almost equally divided between cointegration and
1ty absenee
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(4c) D(L) = C(L)D,.

The n(n + 1)/2 free elements in £ are not suffi-
cient to identify the n? unknown coefficients in
D,, and, hence, the coefficients in D(L).
We impose a minimal set of economic restric-
tions on the structure to identify the desired dy-
namic multipliers. In particular, we assume that
the levels of all real variables in the model are ul-
timately unaffected by a sudden, permanent
change in the supply of nominal money. That is,
once-and-for-all shocks to the level of the nomi-
nal money supply are neutral in the long run.

In the context of the above model these re-
strictions can be formalized as

a’
(5)  lim —2"

P au81~\

= 0.

i=1,2,3,4,5,6,7.

The nature of equation (1) is consistent with the
empirical example below in which nominal
money is the eighth, and last, series in a system
where all other variables are in real terms.?
From equation (1), the set of infinite horizon
dynamic multipliers is

)

6) tfim —

== du,

=D, + D + D, +...= D(l)

s

Thus, long-run monetary neutrality implies that
the first seven elements in the eighth column of
D(1) are zero.

These restrictions are not sufficient to fully
identify the structural model, but they are suffi-
cient to isolate the responses of the endogenous
variables to money-supply shocks. From equa-
tion (4), D, = C(1)"'D(1). Substituting this ex-
pression into the mapping in equation (4) yields
the final column of the dynamic response coef-
ficients, the responses to money-supply shocks,
which are of interest here:

(7) Dye=C,C(1)y'D(l)e

where e is an (8 X 1) vector containing all ze-
roes except for a one as the eighth element. The
long-run neutrality restrictions in equations (5)
and (6) imply that D(1)e = [0 00 0 0 0 0 3],
where 8 is a scale factor that defines the magni-

 {n the long run, given permanent changes n the level (not
growth rate) of nominal money, the nominal interest rate behaves
identically to the real interest rate
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tude of the nominal shock. Thus, given the esti-
mated (inverted) VAR coefficients the dynamic
multipliers dy,/duy, are identified up to a scale
transformation.

Such long-run neutrality-identifying restric-
tions were pioneered by Blanchard and Quah,
King et al., and Shapiro and Watson.” Long-run
neutrality is compatible with a wider class of
theoretical models than exclusionary restric-
tions on contemporaneous interactions previ-
ously used to identify farm price dynamics. For
example, early studies imposed a recursive
structure on D, to just identifty D(L). Although
this approach is convenient, the dynamics from
such an identification scheme in our framework
are inconsistent with any plausible model of the
macroeconomy. A more general approach than
this is taken by Orden and Fackler, who, fol-
lowing Bernanke and Sims, use standard mac-
roeconomic theory to exclude certain elements
of D, (or more precisely, its inverse). But these
restrictions may potentially cause severe re-
strictions on short-run channels of interaction,
which is the primary issue ot interest here.

Faust and Leeper criticize the use of infinite-
horizon restrictions on the grounds that finite
samples contain no information about the long
run. This implies that long-run restrictions can
be consistent with any set of short-run dynamc
multipliers without affecting the fit of the sta-
tistical model. We deal with this criticism by
incorporating into our Bayesian analysis the
possibility that a steady state, or long run, can
be approximately attained in a finite period of
time. In particular, we impose money neutrality
on the multiplier dy/du, , for large, but finite, &.
To account for the uncertainty regarding the
timing of the long run, various values of k (in-
cluding infinity) are given prior weight in the
derivation of the posterior densities for the dy-
namic multipliers. In effect, we use the sugges-
tion of Faust and Leeper to restrict finite-hori-
zon dynamics to improve the robustness of the
identification procedure. while approximately
maintaining the use of infinite-horizon mon-
etary neutrality. This strategy is appropriate as
long as the responses beyond horizon k£ do not
actually deviate significantly from the assumed
steady-state values.

Under the imposition of long-run monetary
neutrality, agriculture can neither benefit nor
suffer from the effects of monetary policy in

* The general Blanchard and Quah approach entails imposing a
lower triangular struchwre on DPl), which just 1dentihies the D(L)
but requires additonal theoretical restrictions
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the long run, since farm prices are constrained
not to be influenced by money-supply shocks
for an infinite horizon. However, in the short
run, farm prices can respond to monetary policy
at a different rate than the price index. This al-
lows for a monetary expansion to yvield a short-
term cost/price expansion which benefits the
agricultural sector, or a cost/price squeeze
which harms agriculture.”

A Bavesian Approach to Add Robustness

The above discussian has proceeded on the as-
sumption that the VAR rcpresentation of the
system in equation (3) is fixed and known. In-
deed. conventional VAR srudies condition 1n-
ference on a particular model specification
(such as the choice of lag length p), and, at
best. informally examine robustness to alterna-
tive specifications In this paper, Bayesian
methods are used to lormahize the treatment of
specification uncertainty and to remove the
conditioning on a single model formulation, as
well as to examine the sensitivity to alternate
assumptions about the timing of the long-run
identifying restrictions.

A Bayesian approuach allows prior support for
a vanety of model specifications and for the
subsequent integration across model uncer-
tainty to derive the marginal posterior distribu-
tion of the impulse responses. When posterior
means are computed, the Bayesian methodol-
ogy provides a weighted average tmpulse-re-
sponse function using the individual tmpulse-
response tunctions from all the models with
prior support and weirghts which are optimal
combinations of prior beliels and support from
the data for that model speaification. This inte-
gration actoss model spectfications can be with
respect to lag length. the presence of trends or
seasonality, the set ol variahles to be included,
or any other facet ol mode! specification.” For
example, Poirier examnes the effect of nominal
money shocks on real output in a Bayestan
framework which incorposates 147 possible

Cln g study which actually taposed long-run money neutrality
through an error-cacrection model tor Now Zealand Robertson and
Orden tound that the tarm seqor captused short-run benetits trom
MONCLATY ¢xpdistons

" While changes m the sel ol exogenous vdiables moa regies-
ston model we starghttorward, change  m the set of endogenous
variables raises ¢ comphication in the apphication of Bayes Fheo-
o beoanse the scale of the Tikebihood tuncuon s attected When
uncertamty cxises with respect to the endogenous variables belong-
ing e model caudon must be ased faad corrective action tahem
o ensure that such seale ettecis are not Hlewed to make the poste-

100 rosults arhieeary
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model specifications, each representing differ-
ent co.nbinations of economic restrictions or
bypothises previously discussed in the literature.
The be efit from recognizing model uncertainty
within he Bayesian framework is that the result-
ing posterior estimates of the impulse responses
gain rovbustness in the face of an unknown model
specifi ration To increase robustness further,
the res ts preseated below will focus on the
postertor medians of statistics of interest.
Denc-e the set of models with nonzero prior
support by M = {m, j=1. .., J}. Represent the
prior sipport for each of these models by w,
and the likelihood function value of the data set
for eacr model when estimated conditional on
that spocification by .7 The m, embody the
researcler’s relative belief in each model as a
satisfac ory approximation to the true data-gen-
etating process before investigating the data’s
charact: ristics and must sum to one across all
models (n the set M The likelihood function
vilues 7 measure each model’s ability to ap-
proxim. te the particular data being employed.
The posterior probabddity of cach of the J mod-
¢l is derived by application of Bayes Theorem:

(8) sz:uw%y(2m54} J=1,20., 0.
i

Tt ese posterior probabilities represent the ex
post relative support of each model in the set M
as a dat. -generating approximation by combin-
ing the prior support with the information con-
tained 1n the data (summarized by the likeli-
hood function). For example, the posterior
mean d/namic responses to money-supply
shocks ae

' ‘ K,
(9 De:ZQQmEQJ YD, e,

;| -0

where th: j subscript denotes a parameter from
the jth miodel with prior support and &, is the

" imphicn here as that while imtormative prior anformation as
jessassed boothe researcher with respect to more o less hikely
tiodefspedtt cattons wo informaative prior mformation is possessed
voith tesoedt o the VAR model coetticients 1 the standard difluse
prros on the VAR cocttictent matrices A, and an inverted Wishart
o on the covartance matny of the voare assumed, then the
nax mum bk _hhood esumates (which are also OLS for this model)
ale cqudd o the Bayesian postenior mean. imakimg them optimal
Favestan pooat estimates in @ quadiatic-loss sense Note that this
approach dits s trom [ittesman ~ Bavestan VAR method
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horizon at which neutrality is imposed for
model j. Such posterior means are weighted av-
erages of individual impulse-response point es-
timates from each model with the posterior
probabilities of each model serving as the
weights. Thus, { ﬁ\, s=1,2, ...} is not the pos-
terior mean of the entire distribution but a pos-
terior mean with respect to the set of point esti-
mates from the J models considered.

Further robustness can be added to protect
against outliers through the use of posterior
medians as the summary measure. To compute
the posterior median of a particular scalar esti-
mator, first order all the individual point esti-
mates from the J models from smallest to larg-
est. Then, using the posterior probabilities asso-
ciated with the models corresponding to these
individual estimators, sum the probabilities as
you move from smallest to largest. The indi-
vidual estimator which is closest to causing this
sum to equal 0.50 is the posterior median. The
individual models’ impulse responses and their
associated posterior probabilities can also be
used to derive an interquartile range of the
point estimates, highest posterior support re-
gions for the impulses, or any other summary
measure of interest. For example, to get the
lower quartile boundary, perform a procedure
identical to that used to calculate the posterior
median except stop when the cumulative prob-
ability reaches 0.25 instead of 0.50.

The use of summary measures taken with re-
spect to the J individual point estimates (which
are all optimal Bayesian estimators conditional
on that model specification and squared error
loss) has two advantages over the computation of
summary measures with respect to the full poste-
rior distribution, which would account for the en-
tire distribution of the estimators for each pos-
sible model. The first advantage is that it focuses
on the estimation uncertainty related to model
specification which is of particular interest here.
The second advantage is that it avoids the need
for a numerical approximation; the use of the full
posterior distribution would require Monte Carlo
integration to compute posterior measures. Such
numerical integration would be extremely com-
puter-intensive if the number of models consid-
ered, J, 1s large (as in the application below).

Data

The data used in this study are a set of monthly
observations from 1959(02) to 1993(11), for a
total sample of 418. The interest rate used is the
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three-month Treasury bill rate. Output is mea-
sured by the total index of industrial produc-
tion. Real livestock and crop price series are
prices received by farmers, total livestock and
products, and total crops, respectively, both de-
flated by the CPI for urban consumers. The real
energy price index is the producer price index
for fuel-related products and power, deflated by
the same CPI. The real exchange rate (the re-
ciprocal of the real exchange value of the dol-
lar) is the $/SDR rate times an index of world
prices, deflated by the CPI. The money supply
is measured by M1. The real money measure is
the money supply deflated by the same CPL
Data are collected from the Survey of Current
Business, St. Louis Federal Reserves Economic
Data Bulletin Board, and the IMF International
Financial Statistics. The eight-series model em-
ployed here is very large by comparison to most
applications in the VAR literature. Including so
many series helps to avoid the dangers of aggre-
gating too many shocks into a few “composite”
shocks (Faust and Leeper), ensuring that the
money-supply shock is precisely identified.

This study is the first to examine general ag-
ricultural price responses to monetary policy by
utilizing two sector-specific agricultural price
series in a time-series framework. While still
measuring agricultural price response relative
to the price level of the general economy (be-
cause both are deflated by the CPI), using dis-
aggregated price series for crops and livestock
allows investigation of differences in the two
agricultural sectors’ responses, as well as the
dynamics between the two sectors. Chambers
and Just examined the impacts of monetary
policies on agriculture using a structural model
which concentrated on three agricultural mar-
kets: corn, soybeans, and wheat. Thus, while
they had a more disaggregated model than is
estimated here, the rest of the agricultural sec-
tor was not modeled in depth. Since crops are
an important input for the livestock sector, such
intra-agriculture relationships may well be im-
portant in revealing the underlying dynamics of
agriculture’s response to monetary shocks.
Rausser et al. had both disaggregated crop
prices and disaggregated livestock prices in a
structural simulation model which they used to
investigate the impact on U.S. agriculture of
various macroeconomic policies. They had
more in-depth detail than is provided here, at
the cost of having to specify precise functional
forms for many price and quantity linkages of
goods and financial markets.

T
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Estimation and Results

For estimation with the data set described
above, the statistical model is augmented by a
vector of constants and eleven monthly dummy
variables to allow for seasonality. By varying
three features of the model in all possible com-
binations, we construct . set ol 130 models
with positive prior support

First, the model 1s estiinated with two pos-
sible formulations tor structural shifts. One for-
mulation is a structural <hift in 1973(01) (to
represent the change to floating exchange
rates), modeled as a dummy variable equal to
one for all periods after 1973(01). and zero be-
fore. This dummy allows for shifts in uncondi-
tional means duc to the change in international
monetary arrangements. The alternative formu-
lation is a series of dummy variables to repre-
sent exogenous shocks to cnergy prices. These
five dummy variables are set equal to one in
1973(8), 1973(12)- 1974(2), 1986(2)-1986(7),
1990(8)-1990(10), und 1990(11)-1991(3). re-
spectively, and zero otherwise. These dummies
allow energy-prices shocks to cause exogenous
changes n drift that cannot be captured by
zero-mean stationary shocks such as the u,.

The second dimension of model specification
uncertainty deals with the Faust and Leeper cri-
tique and is taken to be the horizon at which

long-run restrictions take hold. Horizons of

100, 200, 300, and 400 months and the infinite
horizon are considered. By including five pos-
sible horizons for long-run money neutrality
identification restrictions, the sensitivity ol the
results with respect to imposing an infinite ho-
rizon restriction on a finite length data set can
be evaluated. Traditionally studies that have
used the money neutrality restrictions have
only imposed them at the inlinite horizon. Four
of the five horizons used here are not only fi-
nite, but also bounded by the sample size so
that the data contains information about re-
sponses at such horizons. In employing finite
horizons for the restrictions it is important to
empirically verify that the impulse responses
do not veer away from neutrality after the re-
striction point (thereby invalidating the concept
of long-run neutrality). In the discussion of the
cesults below, the responses are checked to en-
sure that neutrality is satisfied within reason-
able approximations for horizons past when the
restriction 1s imposed.

The third dimension of madel uncertainty 1s
the lag length in the VAR model: the maximum
lag inctuded in the VAR model, p, 1s varied

Co‘f)y?ihght ©2001%AII R}ghts In?esé)rsve‘a» M
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tfrom ¢ to 18. This reduces the period for esti-
matior to 1960(08)-1993(11), with the earlier
obsert ations used in the creation of lagged
terms Forming all possible combinations of
these :hree model uncertainty specifications
vields 130 models.

The orior distribution for these 130 models is
constn cted as the product of independent pri-
crs on the three separate dimensions of model
uncert .inty. The prior on the structural break
specifi:ation ts 0.30 on the single 1973 break
and 0. 0 on the multiple oil shock breaks. The
prior on the length of time to reach the long run
iv 0.20 on each of the five horizons. The prior
on the ag parameter is a simple triangular dis-
tiibuticn centered on p = 12, r1sing from 6 until
it peak . at 12, then declining in a reverse pat-
tern for lag lengths 13 through 18. The full dis-
tributio 1 of prior support is shown in table |.°

In the first step to estimation, the 130 models
with pr or support are estimated. Next, for each
model specification. we derive the Bayesian
maximum a posteriori impulse-response func-
tions fo the eight series with respect to a nomi-
n«l money-supply shock and the posterior prob-
abilities for that model. The posterior probabili-
ties for each model are shown in table 1. Fi-
nally, the posterior probabilities for the models
and 1mp alse responses are used to calculate the
mean, median, and interquartile range ot the
pesterio distribution of impulse-response func-
tion, thoreby integrating out model specifica-
tien unc rtainty.

The scale of the responses was chosen by set-
ting & = 1. making the long-run response of
nominal money to the initial money-supply
shock ecual to unity. Thus, the eight impulse-
response functions for the variables in logs (ev-
erything except the interest rate) are a type of
clasticity function, representing period s elas-
ticity with respect to the final long-run change
m nomin il money.

Empirica’ Results

The posterior probabilities of the models re-
porzed in table | show little change from the
prior prcbabilities placed on the individual
models. “here is some shifting of support to-

Mote that the imposition of the “long-run™ restrictions does not
ararnlentity e model, thus, the hkelthood function 1s unattected
as the honizor vartes This results m the marginal posterior distr-
bution of the honzon fength bemg identical 1o the marginal pno
distttwittan oo this parametes

s 1 o ARSI 5 6 IS 1
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Table 1. Prior and Posterior Probabilities of
the Models

Priors
Lag Dl D2 Marginals
6 0.008 0.00343 0.0571
7 0.009 0.00386 0.0643
8 0.010 0.00428 0.0714
9 0.011 0.00472 0.0786
10 0.012 0.00514 0.0857
il 0.013 0 00557 0.0929
12 0.014 0.00600 0.1000
13 0.013 0.00557 0.0929
14 0.012 0.00514 0.0857
15 0.011 0.00472 0.0786
16 0.010 0.00428 0.0714
17 0.009 0.00386 0.0643
18 0.008 0.00343 0.0571
Marginal 0.140 0.060 1.0000
Postertors
Lag Dl D2 Marginals
6 0.00564 0.00209 0.03865
7 0.00672 0.00249 0.04605
8 0.00801 0.00296 0.05485
9 0.00922 0.00341 0.06315
10 0.01051 0.00390 0.07205
11 0.01203 0.00447 0.08250
12 0.01432 0.00532 0.09820
13 0.01436 0.00530 0.09830
14 0.01414 0.00517 0.09655
15 0.01370 0.00501 0.09355
16 0.01313 0.00479 0.08960
17 0.01255 0.00456 0.08555
18 0.01189 0.00431 0.08100
Marginal 0.14622 0.05378 1.00000

Notes D1 1s the model with muluple otl-price shock dummies, D2
15 the model with a single dummy for a structural break in 1973
The horizon length for the restrictions does not atfect the hkeli-
hood, and with equal priors this causes the prior and postenor
probabilities to be equal for all horizons The probabilities shown
are for a representative hotizon (i e, they sum to (0 2)

ward models with a larger number of Jags and a
very small shift toward the specification with a
set of dummy variables for each oil-price
shock.

The discussion of the results will concentrate
on the posterior medians of the distribution of
impulse responses with respect to a shock in
the nominal money supply. Figure 1 plots the
median response functions of the six macroeco-
nomic series, while figures 2 and 3 plot the me-
dian response functions of livestock and crop
prices, respectively, along with the upper and
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lower quartiles of the posterior densities for
these two series.” All the response functions are
normalized so that the long-run response of
nominal money equals one.

The results for the nonagricultural series gen-
erally conform with a priori expectations and
standard dynamic macroeconomic theory (com-
pare Lastrapes and Selgin), lending validity to
the identification scheme employed and sug-
gesting reliability in the results for the two ag-
ricultural price series. Given a peositive money-
supply shock that causes a gradual but perma-
nent 1% increase in nominal money stock, the
interest rate falls steeply for two months (the li-
quidity effect), then rises over the next nine
months to approach the zero long-run response
forced by monetary neutrality. The initial rate
decline is estimated to be about 45 basis points,
for a 1% permanent change in money. Output
rises fairly monotonically for fifteen months
following the initial shock and then begins a
gentle descent back to its original value. The
peak elasticity is approximately (.78, meaning
that a money-supply shock which results in a
long-run 1% increase in the money stock in-
creases real output by 0.78% at a nine-month
horizon. Real energy prices respond positively
to the money-supply shock, reaching a peak im-
pact of 0.43 at the five-month horizon. Real
money responds by a very steep increase until
month seven, and then begins a fairly mono-
tonic, slow asymptote toward its long-run zero
response. Finally, the real exchange value of
the dollar depreciates in the short run by about
0.30% as the interest rate talls.

The results for real and nominal money allow
deductions about the behavior of the price in-
dex. Because the response of real money lies
everywhere below the response for nominal
money, the CPI rises, albeit gradually, 1n re-
sponse to a money-supply increase. Thus, our
results do not suffer from the “price puzzle” of
earlier studies (e.g., Eichenbaum) where the
price level responds negatively to money-sup-
ply shocks. The nominal and real money-supply
responses are quite similar for the first eight

Y A reviewer correctly warned about possible misteptesentation
of scummary measures based on the distribution ot point esumates
trom the 130 models it the posteror distributions of response tune-
vons conditional on mdividual models had very large variances
Using standard Monte Carlo integration techmigques, checks on the
coetticients of vatiauon (mean divided by standard deviation) tor
the response tunctions of individual models showed this fear 1o be
unfounded in this application While some coefficients of vatation
were small (with o oumimum ot about 0 23 the average values
were an the range of 15 to 20 tor most honzons and most model
spectiications
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Figure 3. Responses of crop prices

months, implying a very slow response by the
general price level. The price level then rises
fairly monotonically and by forty-two months
after the initial shock has risen by its full long-
run proportional response.

The estimated response functions for the two
agricultural price series are the main focus of
this research, and their behavior matches the re-
sults found in several earlier studies using a
single aggregated agricultural price. The real
livestock price has a highly cyclical short-run
response with very high peaks at three and thir-
teen months and smaller peaks at six- and
twenty-one-month horizons. The real livestock
price series is quite variable for the first three
years before settling down to an asymptotic de-
cline toward the zero long-run response. The
real livestock price has a peak posterior median
response of approximately 1.70. The real crop
price displays a much smaller amount of vari-
ability around a fairly smooth, hump-shaped re-
sponse function. The real crop price rises
steadily to a peak of 0.936 in month thirteen
and stays stable in a range of around 0.7 to 0.9
from month eleven until month thirty-three.
Due to the faster and larger early response, it
might appear the livestock sector gains more

than crops; however, the real crop price falls
back to its original value much more slowly,
which allows the crop sector to capture signifi-
cant benefits over a longer horizon. In fact,
while the real livestock price has dropped to
approximately the same range as the energy and
output series by the forty-eight-month horizon
(0.25), the real crop price still has a positive re-
sponse in the range of 0.40 at the forty-eight-
month horizon.

The real crop and livestock price responses
suggest short- and medium-run benefits to both
sectors of agriculture from expansive monetary
policy; this result matches those of Chambers;
Devadoss and Meyers; Orden and Fackler; and
Rausser et al. The cyclic behavior exhibited
early in the agricultural price response func-
tions, particularly the real livestock price, can
be explained by the pattern of responses in the
other agricultural sector, as crops are an impor-
tant input for livestock production. With low
initial crop prices, it becomes profitable to feed
some animals longer, reducing marketed live-
stock supplies and reenforcing the price in-
crease in the livestock sector. As the crop price
response becomes positive, real livestock prices
plunge as the recently increased inventories are

T
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eliminated, and then rise again as the rate of in-
crease in crop prices slows down. The two sec-
tors reach a type of temporary equilibrium by
about month twenty-four, with only very small
cycles after that as the etfects of the nominal
money shock dissipate.

The empirical results show that model uncer-
tainty concerning the horizon for neutrality to
be achieved is not important. The results were
essentially invariant across the horizon at
which the restrictions were imposed. This im-
plies that the results are not sensitive to the im-
position ot an tnfinite horizon restriction and
that the long run occurs rather rapidly with re-
spect to money-supply shocks. Further, all the
impulse-response functions for the finite hori-
zon models maintained the neutrality of money
(within any reasonable definition of economic
significance) at horizons longer than the point
of the restriction."

In light ot the arbitrary scale of the money-
supply shocks, it is difficult to assess the rela-
tive importance of such shocks on agricultural
prices. If additional restrictions are imposed on
the model, the contribution of money shocks to
the forecast error variance ot each series can be
estimated. Using 4 triangularization of the
Jong-run impact matrix to ensure consistent
scaling across series, with the ordering of the
mnterest rate, output, real hivestock price, real
crop price, real money, real energy price. real
exchange rate, and nominal money, we derived
the posterior medians of the variance decompo-
sitions for the same sct of 130 possible model
specifications.!" The results are shown in table
2 for a sampling of hortzons following a
money-supply shock. These values describe the
relative couatribution of money-supply shocks to

"AS g turther sensitivity chieck. the model was wdentified using
A standard set of recursivity restrictions by employing a Choleska
decamposiion of the ertor covanance nuatox (Bessler Sums) tor a
single model specification with twelve fags and the set of energy
artce dummy vanables  The tesults of this model stand 1n stark
ontrast to those presented above The pace level overshoots the
wiminal money cxpansion, cavsing real money to drop along with
all thiee of the real prices t(crops, hivestock and energy) and out-
put The hivestock prce fafls in nominal rerms over the entire hori-
con The eifect on the mnterest rate 1s very small Both agricultural
cectors are hurt by the monetary expan.ton, hivestock more than
craps The results demansttate strange dynamics the price level
merease almost doubles the nommal money expansion real money
talls by an amount aimost identical to the nominal money increase
Such results are sery dithicult to explair with any macroeconomic
ticory, casting suspicton on atf of the model < resubs

" Note that this implies twenty-one additional restrictions
above the long-run money neutrality used toadenuty the shape ot
the money-shock response tunctions Real exchange sate shocks
are fong-tun nevtral for all sercs except “he redl exchunge rate and
nomal money  real cncrgy prices are acutral tor the five seees
preceding it the order, et
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the conditional forecast error variance of each
series at the relative horizon. For example,
7.92% of the one-month variation in real live-
stock prices is attributable to money-supply
shocks the same value for the real crop price is
1.53. The results demonstrate that money-sup-
ply shocks are not enormously important, on
averagz, to the variance of the agricultural
prices, although the early impact on the real
livestoik price series is still relatively larger
than on the output series and the impact of
noney shocks on both agricultural price series
iv largcr than on the real exchange rate. Still,
these rosults suggest that the emphasis placed
on montary policy’s impact on the agricultural
stctor™ profitability may be somewhat exag-
gurated

Howc ver, one should be careful not to con-
fuse small (relative) statistical importance with
small e:onomic importance. These variances
are for prices, which would translate most
closely to shifts in gross farm income if pro-
duction is treated as quasi-fixed at the time of
price de ermination. With the recent ratio of net
fa-m in:ome to gross farm income running
around . 0%, a [ % price difference would trans-
late intc a 5% swing in profits. Net farm in-
come is on the order of $40 billion per year,
implyiny that monetary effects on net farm in-
come co 1ld easily be in the neighborhood of $2
billion per year. Thus, while the forecast error
variance decomposition results in table 2 sug-
gest that monetary policy is not the whole story
in erms of statistical modeling, it is still a very
iarge stery in terms of economic impact on
farm incomes.

Conclusions

In this paper we make three contributions to the
literatur. on agricultural price responses to
ronetary shocks. First. the impulse responses
are identified using theory-based restrictions on
long-run behavior that probably have more sup-
port amoug economists than the restrictions on
contemporaneous behavior that have been used
previousls to identify such models. Second, a
Bayesian approach s taken to model specifica-
tion, allowing for derivation of a posterior dis-
tribution of impulse responses which integrates
over mod:! uncertainty and adding robustness
to the results. Third, agriculture is disaggre-
gated inte two subsectors: crops and livestock.
This allows the discovery of differences in the
responses of the prices in these two sectors and

Copyright © 2001 All Rights Reserved




540 August 1996

Amer J Agr. Econ

Table 2. Variance Decomposition with Respect to Money-Supply Shocks

Series
Horizon r o ! m e K} M
1 27.57 1.87 7.92 1.53 6.36 15.51 0.72 11.56
2 17.87 1.97 7.85 1.19 10.69 17 91 1.20 19.20
3 13.23 2.28 8.12 1.03 13.77 18.80 1.35 2398
4 10.36 3.01 7.40 0.97 15.30 19.62 1.23 26.46
5 8.65 3.92 6.11 0.99 15.35 20.04 1.04 26.74
6 7.63 4.54 5.24 0.95 15.28 19.73 0.91 27.23
12 4.23 6.29 3.17 1.20 10.53 18.59 1.21 23.59
24 2.31 6.36 2.96 1.60 4.94 12.05 1.30 19.34
36 1.68 5.64 2.67 1.66 2.78 9.09 1.12 17.53
48 1.35 4.51 2.30 1.46 1.86 6.86 0.93 16.90
Note® Series abbreviations are r = inlerest rate, o = output, / = real hivestock price, « = real crop price. m = real money, ¢ = real energy
price, s = real exchange rate, and M = nominal money

for the study of the dynamics caused by the in-
teractions between these two highly linked pro-
duction activities.

In general, the empirical results show that in
the short run agriculture benefits from expan-
sionary monetary policies. Livestock prices ex-
hibit a strong positive response to money-sup-
ply shocks on impact, while crop prices have a
very small initial positive response. However,
crop prices gradually rise and take longer to
fully adjust than livestock prices. The relative
dynamics of the two agricultural prices are con-
sistent with crops being an important input to
livestock production.

{Received December 1994;
final revision received June 1996.]
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