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The Impact of Domestic and Foreign
Macroeconomic Variables on U.S.
Meat Exports
Donald J. Liu, Pin J. Chung, and William H. Meyers

This paper examines the impact of domestic and foreign macroeconomic variables on U.S.
meat exports, including beef, pork, turkey, and chicken, in the context of an open economy.
The results show that foreign macroeconomic variables exert more significant and persistent
effects on U.S. meat exports than domestic macroeconomic variables. The implication is that
the U.S. can increase its meat exports more effectively by expending efforts on international
macroeconomic policy coordination rather than on domestic sectoral poIicy. The results also
suggest that macroeconomic models of the agricultural sector should include foreign variables
and should not be limited only to domestic ones.

With ever-expanding international trade, the na-
tional economies of the world and their related
sectors have become closely intertwined. U.S. ag-
riculture presents no exception; its financial health,
growth prospects, and employment are strongly
linked to levels of imports and exports, which de-
pend on the macroeconomic performances of both
the U.S. and other trading nations. The importance
of examining the agricultural sector within the con-
text of an open macro economy was first pointed
out by Schuh, who investigated the impact of ex-
change rates on U.S. farm prices. Subsequently,
Chambers and Just developed a structural econo-
metric model for the U.S. crop subsector and
found significant exchange rate impacts on crop
exports. Barnett, Bessler, and Thompson con-
structed a reduced-form vector autoregression
(VAR) model and identified a Granger-type causal
relationship between the U.S. money supply and
agricultural prices. In a more elaborate VAR
framework, Orden and Bradshaw and Orden stud-
ied relationships among the money supply, ex-
change rates, agricultural prices, and crop exports.

This paper analyzes the dynamic impact of do-
mestic and foreign macroeconomic variables on
U.S. meat exports, with special reference to the
effects of monetary policy and exchange rate
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movements. Growth in meat exports represents ex-
pansion in an important value-added market for
U.S. agriculture. The value of livestock and poul-
try exports made up about 15 percent of all U.S.
agricultural exports in 1989, and was 59 percent
larger compared to 1980 (Wisner and Wang). With
high-income countries such as Japan, South Ko-
rea, and Taiwan significantly easing their import
restrictions on meat products, further expansion in
this area is very likely.

While previous research has investigated the im-
pact of macroeconomic variables on the U.S. ag-
ricultural sector and in some cases on the crop
subsector, this study focuses exclusively on U.S.
meat exports. An understanding of macroeco-
nomic effects on meat exports could facilitate eco-
nomic forecasting and policy analysis within the
meat subsector. This paper also addresses the po-
tential bias that might result from the modelling
strategy of previous work, which assumed that the
simple inclusion of exchange rates could capture
all the linkages to the foreign sector. For example,
if foreign macroeconomic variables are important
to the U.S. agricultural sector, their exclusion
from the model simulation would result in inflated
impacts of the included domestic macroeconomic
and exchange rate variables. The model estimated
in this paper includes a set of foreign macroeco-
nomic variables such as aggregate output and price
levels. Our results show that not only are foreign
macroeconomic variables important but, in most
cases, they exert more influence on U.S. meat ex-
ports than their U.S. counterparts.

The approach taken in this study is VAR. The
VAR approach has become quite popular among
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researchers interested in sorting out the dynamic
relationship between macroeconomic and agricul-
tural variables interacting in a rather complicated
open economy. Developed by Sims (1980), the
VAR approach estimates reduced-form equations
with the same set of lagged dependent variables,
which can be viewed as a flexible approximation to
the reduced form of a correctly specified but un-
known dynamic structure. Hence, it represents a
reconciliation to our lack of precise knowledge on
how the variables interact over time. In estimating
the VAR model, this study adopts the recently de-
veloped “error correction” method to account for
cointegrations which typically occur among eco-
nomic time series. When variables are cointe-
grated, conventional VAR models result in either
biased or inefficient estimates (Engle and
Granger). This is because, while capable of cap-
turing the short-term dynamics of a system, the
conventional VAR model ignores the long-term
equilibrium relationship among variables implied
by the cointegration.

In the next section, an open economy macro
sector is first presented, from which the macro
VAR model is derived. Following a discussion of
the meat VAR model, the data is described and the
estimations are presented. Finally, the policy sim-
ulation results are discussed.

The Open Macro Economy

The macro sector is composed of three markets:
the goods market, the foreign-exchange market,
and the money market. The goods market includes
the demand, supply, and equilibrium condition of
goods and services. The demand for goods and
services of the home country (the U. S.) is speci-
fied as consisting of two parts: domestic absorption
and current account. For given levels of gover-
nmentexpenditure (G) and taxes (T), domestic ab-
sorption (da) is specified as a function of real out-
put (y) and the interest rate (r), as they affect con-
sumption and investment. 1 That is

(1) da = da (y, r I G, T).

The current account (ca) measures the country’s
net exports of goods and services and is specified
as a function of the relative price level (ep*/p) and

1 Specifically, domestic absorption includes consumption, invest-
ment, and government purchases. Consumption is a fmrction of dispos-
able income whlcb, in turn, depends on real output and taxes. Investment
is specified as a function of real output and interest rate. To limit tbe
scope of tbe problem, government expenditure and tax are tseated as
exogenous,

real outputs (y and y*) of the domestic and foreign
countries, given the tax levels (T and T*). Here,
the foreign country is taken as the G6, including
Canada, France, Germany, Japan, Italy, and the
United Kingdom. The exchange rate (e) is mea-
sured in terms of number of dollars per unit of
foreign currency and is trade-weighted. Thus:

(2) ca = ca (ep*/p, y, y* I T, T*),

The inverse supply of goods and services for the
home country is specified as

(3) p=p(y, fnlpO).

Here, the nominal price (p) is expressed as a func-
tion of real output (y) and the nominal money sup-
ply (m), given the price of oil (PO), Real output
captures the impact on price of the real sector,
while the money supply captures the impact of the
monetary sector. The price of oil is included as a
proxy for production costs and is treated as exog-
enous to the model.

At the equilibrium, supply equals demand:

(4) y=da+ca.

Given the exogenous variables (G, T, T*, and
PO) and foreign endogenous variables (p* and y*),
equations (1) through (4) can be used to solve for
the domestic price and quantities (p, da, ca, and
y), if the exchange rate (e) and interest rate (r) can
also be determined. This leads us to the specifica-
tion of the foreign-exchange market and money
market,

The foreign-exchange market is in equilibrium
when deposits of home and foreign currencies of-
fer the same expected rate of return. The expected
rate of return on home deposits is simply the home
interest rate, while that on foreign deposits is the
sum of the foreign interest rate (r*) and expected
rate of home currency depreciation (as the foreign
investments have to be repatriated eventually). The
equilibrium condition can be written as

(5) r = r* + (e’ – e)/e,

where ee is the expected exchange rate and is prox-
ied by a trade-weighted futures rate. 2 To account
for the simultaneous determination of the spot and
future rates, the expected exchange rate is treated
as endogenous and specified as a function of the
spot rate:

(6) e’ = e’ (e).

The money market is in equilibrium when the

2 Tbe arbitrage equation in (5) is often referred to as tbe “interest rate
parity” condition.
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money supply set by the central bank equals the
aggregate money demand:

(7) m/p = l(r, y),

where mlp is the real money supply and 1 is the
real money demand expressed as a function of in-
terest rate and real output. Following Blanchard
and Watson, money supply is specified as a func-
tion of real output and price, as the monetary au-
thority is assumed to target the levels of the two
variables by adjusting its supply of money. Ac-
cordingly,

(8) m = m (y, p).

Equations (1) through (8) describe the domestic
macro economy. The model is consistent with the
basic spirit of the mainstream exchange rate deter-
mination models, such as Dornbusch’s overshoot-
ing and Mussa’s monetary approach models. The
foreign variables (except T*) appearing in the
above equations are also treated as endogenous.
However, rather than modeling the foreign econ-
omy explicitly, each of the foreign variables is
simply specified as a function of domestic macro-
economic variables and the exchange rate, because
shocks in the macro sector are more or less corre-
lated across countries (Blanchard and Watson).3

With the required substitutions, a nine equation
system emerges (see Appendix A). This structure
facilitates the choice of variables to be included in
the empirical macro VAR model.4 The nine en-
dogenous macro variables are: domestic and for-
eign outputs, prices, and money supplies, as well
as the exchange rate variables (i. e., da, ca, y*, P,
P*, m, m*, e, and e’). In addition to the lagged
values of the nine endogenous variables, the pre-
ceding theoretical discussion also suggests that the
macro VAR model include as explanatory factors
the following exogenous variables: G, T, T*, and
PO. Additionally, to account for seasonality in the
data, three quarterly dummy variables are in-
cluded.

The Meat Model

Turning to the meat export model, both export vol-
umes and prices are considered. There are eight

3 The data requirements would be unyieldhg if the foreign ecnnomy
were modeled explicitly because it includes several other major trading
nations,

4 The structure is also used in policy simulation to orthogonalize the
contemporaneously correlated variance-covariance matrix nf residuals in
the macro VAR model (Blanchard and Watson, Orden and Fackfer, and
Sims, 1986), A detailed dkcussion on the orthugonalization procedure
can be fnund in Appendix A.

endogenous variables in the meat VAR model: ex-
port volumes of beef, pork, turkey, and chicken
(EBEEF, EPORK, ETURK, and ECHIC, respec-
tively), and their retail prices (PBEEF, PPORK,
PTURK, and PCHIC, respectively). As far as meat
exports are concerned, it would be preferable to
consider export prices, rather than domestic retail
prices. However, data limitations preclude this
specification.

To account for seasonality, the meat VAR
model also contains three seasonal dummy vari-
ables, Further, to capture the impact of the macro
sector, the nine endogenous macro variables are
included in each of the eight meat VAR equations
as explanatory factors. However, based on previ-
ous research findings that agricultural variables ex-
ert little influence on the macro sector (Barnett et
al.; Robertson and Orden; and Saunders), a recur-
sive structure in which the meat model follows the
macro model is assumed. Notice that, given this
simplifying assumption, the macro VAR model
does not contain the meat variables and can be
estimated without any regard to the meat model. A
detailed technical discussion on the two models
and the overall combined model can be found in
Appendix A [the macro VAR and meat VAR mod-
els are presented in (A7) and (A9), respectively,
while the overall model is presented in (A1O).]

The Data

Quarterly data on the macroeconomic variables
and meat variables for the period 1971:1 through
1988:4 are used in the estimation. With the excep-
tion of the current account balance, all variables
are transformed to natural logs before estimation.
Since the current account variable contains both
positive and negative values, it is not transformed.
Most of the macro data come from the Economic
Report of the President (ERP) and Main Economic
Indicators (MEI). Data for all the meat variables
come from the Livestock and Poultry Situation and
Outlook Report. For a detailed discussion on data
sources, data compilations, and treatments of oc-
casional missing data, see Liu et al.

Nominal domestic price (p) is the CPI for all
items and nominal domestic money supply (m) is
the Ml, both reported in MEI. Real domestic ab-
sorption (da), current account (ca), government
expenditures (G), and tax (T) are taken from ERP.
The spot nominal exchange rate (e) is the trade-
weighted nominal exchange rate reported in ERP.
Nominal foreign price (p*) is computed by the def-
inition q = ep*/p, where q is the trade-weighted
real exchange rate reported in ERP. Real foreign
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Table 1. Dickev and Fuller Unit Root Test”

Macro
One-Lag Model Four-Lag Model

Meat
One-Lag Model Four-Lag Model

Variables Tk 7, Tw ?7 Variables TP T, TP ‘r,

da
ca
P
m
Y“
P*
m*

e
e’

–0.41
–1.00
– 1.49

1.11
–0.96
–0.90
–0.90
– 1.73
–2.06

–2.16 –0.24
–1.77 – 1.28
–0.94 – 1.86
–1.73 0,81
–1.36 –1.61
–1.10 –1.19
– 1.96 –0.56
– 1.74 –2.23
–2,21 – 1.97

–3.02
–2,39
–1,73
–2.02
–2.10
–2.86
–2.43
–2.19
–2.16

EBEEF –0.33
EPORK –2,75
ETURK –4,44#
ECHIC –5.79#

PBEEF –1.82
PPORK –2.71
PTURK –2,25
PCHIC – 2.00

–3.27
–2.86
–4.51#
–7,16#

– 1.66
– 3.07
–3.43
– 3.57+

–0.40
–2.68
-2.43
– 2.02

–1.51
–2.55
–2.34
–2.30

-3.33
–2.95
-2.67
–2.57

–2.04
–2.62
-2.87
-3.85#

‘Numbers for Tw aret-statistics on & in the regression Ax, = a + &xt.l + X;=, ~jAx,.j. Numbers for T,are t-statistics on POin
the regression Ax,= aO+ alt + (@t., + X!=,PjAXt.j.Superscript # indicates rejection of the null hypothesis of unit root at
the 570 level. The number of usable observations in the estimation was 70. For the sample size of 50, lVO, 5%, and 10% critical
values are 3.58, 2.93, and 2.60 for the Tw test and 4.15, 3.50, and 3.18 for the T, test. For the sample size of 100, the corresponding
critical values are 3.51, 2.89, and 2.58 for the 7Wtest and 4.04, 3.45, and 3.15 for the ?, test.

output (y*) accounts for the output of the G6, with
data for individual countries taken from MEI. Real
foreign tax (T*) accounts for the tax of the G6,
with data for individual countries mainly taken
from International Financial Statistics. In the com-
pilation of the above two aggregate series, vari-
ables for individual countries are deflated by their
own CPI’s and, before summing up, converted to
U.S. dollars through multiplying appropriate spot
exchange rates. (The individual country’s CPI and
exchange rate are taken from MEI. ) Nominal for-
eign money supply (m*) is arrived at by aggregat-
ing individual M 1‘s of the G6 taken from MEI.
The aggregation involves converting an individual
country’s M 1 to U.S. dollars and then summing
up. The expected exchange rate (e’) is proxied by
a trade-weighted one-quarter-ahead futures rate.
Due to data limitations, this compilation includes
only the US-UK rate, US-Japan rate, and US-
Germany rate. Data for the three currency futures
are taken from the Wall Street Journal and are
weighted by the trade volumes of the three coun-
tries as reported in MEI. Finally, the price of oil
(PO) is taken from the CRB Commodity Year
Book.

Estimation

Since the correct specification of a VAR model
depends on whether the variables involved are sta-
tionary or not, the Dickey and Fuller unit root test
was first conducted for each individual series. Ta-
ble 1 presents the results. Tests are conducted
against two common alternatives: one consistent
with fluctuations around a constant mean (Tw test),
the other with stationary fluctuations around a de-
terministic linear trend (TT test). Both tests enter-
tain a one lag difference and four lag differences to
account for serial correlation in the error term. The
hypothesis of a unit root is not rejected for any of
the nine endogenous macro variables. As for the
meat variables, unit root is rejected only for turkey
exports, chicken exports, and chicken price. How-
ever, the rejection of unit root for turkey and
chicken exports occurs only under the one-lag
specification, while that for chicken price occurs
only under the r, test. Accordingly, all the vari-
ables are taken as nonstationary and their first dif-
ferences are used in the subsequent estimation.

As pointed out by Engle and Granger, even
though individual economic time series are not sta-

Table 2. Likelihood Ratio Test on VAR Lag Length

lag.’
Macro VAR Meat VAR

(n vs. n+ 1) Likelihood Ratio p-Vatue Likelihood Ratio p-Vahre

1 vs. 2 153 o.oo# 80 0.09*
2 vs. 3 86 0.33 64 0.48
3 vs. 4 102 o.05# 83 0.08#
4 vs. 5 87 0.30 69 0.30

‘Reject the null hypothesis that the coefficients for lag n + 1 are zero at the Wiosignificance level if the p-value for the test statistic
is less than ct. Superscript # indicates rejection of the null hypothesis of zero coefficients for lag n + 1 at the 107osignificance
level.
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Table 3. Johansen Cointegration Test

Macro Model Meat Model 5% Critical Value

Ho Tracea A maxb H. Tracea h maxb Tracec k maxc

1.51
7.81

21.52
47.22
82.97+

129.42#
201.32#
290.53*
427.59+

1,51
6.30

13.71
25.71
35.75*
46,45*
71.89#
89.21#

137.06#

0.02
5.22

16.70
51.31#
94.30#

148.52X
232,67+
341.97*

0.02
5.20

11,48
34,61#
42.99#
54.21#
84,16#

lo9.30#

8.18
17.96
31,53
48.28
70.60
95.18

124.25
157.11
192.84

8.18
14.90
21.07
27.14
33.32
39.43
44.91
51.07
57,00

‘Superscript # indicates rejection at the 5% level of the null hypothesis of at most r stationary linear combinations of the series
against the alternative of possible stationarity of ail series.
bSuperscript # indicates rejection at the 5~o level of the null hypothesis of at most r stationary linear combinations of the series
aga;nst the alternative of at most r + 1 such combinations,
‘Critical values are from Osterwald-Lenum,

tionary, linear combinations of them can be, be-
cause equilibrium forces tend to keep such series
together in the long run. When this happens the
variables are said to be cointegrated, and some
error correction terms have to be included in the
conventional first-differenced VAR model to ac-
count for short-term deviations from the long-run
equilibrium relationship implied by the cointegra-
tion. Before moving on to the testing of cointegra-
tion, the order of the VAR model has to be deter-
mined. The selection criterion used in this study is
the likelihood ratio test developed by Sims (1980).
Based on the test statistics presented in Table 2, a
fourth-order specification is chosen for both the
macro and meat VAR models.

In testing for cointegration and estimating the
error corrected VAR model (EC-VAR), the max-
imum likelihood procedure developed in Johansen
is adopted. Results from the cointegration test are
presented in Table 3. Johansen’s trace and h~,X
tests indicate that there are five cointegrating rela-
tionships for the nine endogenous macro variables
and for the eight endogenous meat variables. Thus,
five error correction terms are constructed and in-
cluded in the maximum likelihood estimation of
the macro EC-VAR model. Similarly, another five
error correction terms are included in the meat EC-
VAR model.

Detailed results on the estimated equations are
reported in Liu et al. Diagnostic test statistics for
the estimated macro and meat EC-VAR models are
presented in Table 4. The reported ~2 are not un-
reasonable, given that all the variables are first
difference. The low mean absolute percentage in-
sample forecasting errors reported in the table in-
dicate that the equations fit the data well. Further,
Ljung-Box Q statistics indicate that the estimated

equations are free from serial correlation prob-
lems, except for the exchange rate equation. The
null hypothesis of no serial correlation is rejected
for the exchange rate equation at the 5% signifi-
cance level, but not at the 1YO level. Additionally,
heteroscedasticity does not appear to be a problem
for any of the equations. 5 However, the result of
the Jarque-Bera normality tests indicate that the
estimated residuals are not normal in any but one
of the equations. 6

Policy Simulations

The estimated macro and meat EC-VAR models
are used to investigate the dynamic impacts of do-
mestic and foreign macroeconomic variables on
U.S. meat exports. Forecast error variance decom-
position is conducted over a thirty-quarter period
to assess the extent to which endogenous macro
variables affect meat exports over time. The pro-
cedure involves decomposing the forecasting error
variance of each of the meat export variables into
the part due to each of the shocks in the system
(Dean), If the movement of an endogenous mac-
roeconomic variable is important to the meat ex-
port variable in question, shocks in the equation
pertaining to that macroeconomic variable should

s Each residual series were split into three parts and the variances
associated with the first and third parts computed and compared. This
procedure is similar to the Goldfeld-Quandt test.

6 A more detailed examination nf the Jarque-Bera statistics indicates
that the rronnorrnality result is in large part due to low values for the
Kurtnsis coefficients; skewness does not appear to be the problem.
Clearly, in examining the subsequent poticy simulation results, one
should bear in mind this estimation drawback,
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Table 4. Diagnostic Tests for the Macro and Meat EC-VAR Models

Mean Absoluteb Ljung-Boxc Jarque-Berad
Equationa F Percentage Error (%) Q-Statistic Normality Test

Domestic Absorption (da) 0.67 0.10 16,62 15.46
U.S. Current Account (ca) 0.42 6.44 19,47 14.05
Domestic Price (p) 0.81 0.28 19.08 11.20
Domestic Money Supply (m) 0,78 0.19 13.14 8.95
Foreign Output (y*) 0.52 0.49 21.91 14.46
Foreign Price (p*) 0,38 0.09 24.26 7.04
Foreign Money Supply (m*) 0,45 1.40 22.16 14.37
Exchange Rate (e) 0.60 1,10 32.42 15.17
Exchange Rate Expectation (e’) 0.93 0,37 14.99 13.25

Beef Exports
Pork Exports
Turkey Exports
Chicken Exports
Beef Price
Pork Price
Turkey Price
Chicken Price

0.30
0.70
0.64
0.73
0.38
0.36
0.70
0.36

0.1)
6.38
3.89
0.58
0.73
1.81
1.62
1.70

16.12
26.21
20.49
18.57
20.82
10.77
19.39
14.66

13.19
21.44
15.07
9.55

15.22
11.38
13,50
9.62

‘All the equations are estimated in first differences.
bBased on dynamic in-sample-forecasts with forecasting period ranging from 1972:2 through 1988:4.
cLjung-Box Q-statistic is distributed as X2(17). The null hypothesis of no serial correlation is rejected at the 57. significance level
if the Q-statistic is larger than 30.19.
‘Jarque-Bera statistic is distributed as X2(2). The null hypothesis of normality is rejected at the 5% significance level if the test
statistic is larger than 7.38.

account for a large proportion of the unexpected
variation in the meat variable. 7

Table 5 presents the results of the decomposition
of the meat export variables. 8 Columns 1 and 2
report the percentages of the unexpected variations
in each of the four meat export variables contrib-
uted by a shock in domestic and foreign money
supply equations, respectively. Column 3 sums up
the percentages of the unexpected variations con-
tributed by shocks in domestic output and price
(da, ca, and p). Similarly, column 4 contains the
contribution made jointly by shocks in foreign out-
put and price (y* and p*). Results pertaining to the
exchange rate shock are in Column 5. The impacts
of shocks in the meat variables on meat exports are
reported in columns 6 through 9.9

7 As pointedout by a reviewer,the terminology“shock” should be
itrteqmetedwithcaution.Thisis because rhe structural equations devel-
oped in thk paper are, in fact, what might be called quasi-reduced form
equations and, hence, their error terms cannot be cIearly identified as
being behavioral shocks of specific agents. For example, (5) is not a
behavioral equation of a specific agent. Rather, it is the equilibrium
conditionbeingplayedout by varioustypesof agentsinvolvedin the
foreign-exchange market. Hence, each shock in the system shnuld be
interpreted as an innovation to a specificVARequation,ratherthanto a
speeificendogenousvariable.That is, it reflects the error left unex-
plained by tbe equation,

8 See Lhr et al. for results of the decomposition of meat price vari-
ables.

9 For conciseness, the percentage of the unexpected variations in meat
exports contributed by shock in the exchange rate expectation is not

The first column of Table 5 indicates that do-
mestic money supply shock exerts a very insignif-
icant impact on all four meat export variables. For
example, it accounts for only 1.10% of the unex-
pected beef export variation in the first period and
explains, on average, only 0.5570 of the variations
over the thirty simulated periods. Though the do-
mestic money effect is trivial, the impact of for-
eign money supply shock is very significant for all
the meat export variables except beef. Column 2
indicates that foreign money supply shock, on av-
erage, accounts for 8.62%, 26. 97?70,32.31 YO, and
27.37%, respectively, of the unexpected variations
in beef, pork, turkey and chicken exports.

Given the results of earlier studies (Orden,
Lapp), it is not too surprising that the domestic
money effect on the agricultural variables is weak.
However, it is not clear why the foreign money
supply shock would exert more influence on U.S.
meat exports than the domestic money shock, In a
related vein, why would these foreign variable
shocks impact pork, turkey and chicken exports
more than beef? Insights on the first issue may
come from distinguishing between the price and
income effects of the money supply shock, A
shock in the foreign money supply results in a

reported in the table. Percentages of the contribution made by all shocks
in tbe system add up to 1GO.
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Table 5. Decomposition of Forecast Error Variances: Meat Exports (in Percentage)

Domestic Foreign Domestic Foreign
Money Money output output Exchange Own Own Other Other
supply supply & Price & Price Rate Meat Meat Meat Meat

Step-ahead (m) (m*) (da,ca,p) (y*!P*) (e) Exports Price Exports Prices

On Beef
Exports:

1
4
8

12
24
average”

On Pork
Exports:

1
4
8

12
24
average=

On Turkey
Exports:

1
4
8

12
24
average’

On Chicken

1
4
8

12
24
averaeea

1.10
0.48
0.32
0.35
0,64
0.55

0.18
0.50
0,75
1.24
1.38
1.10

0.08
0.27
0.74
0.79
0.78
0.68

0.24
0.21
0.54
0,94
1.19
0.87

0,03
5.30
7.17
9.51

10.81
8,62

0.33
18.85
28.82
30.63
29.30
26.97

42,77
32.81
32,56
33.40
29.71
32.31

0.30
15.38
30.26
31.12
31.13
27.37

18.10
18.14
15.50
13.83
9.86

13.02

26.53
17.14
11,40
7.50
6,55
9.39

8.09
7.43
6.84
6.69
7.41
7.12

12.53
7.31
5.67
5,22
6,03
6,42

0.29
8.25
8.46

11.37
11.93
10.37

18.66
9.40

24.24
25.47
23.03
21.93

10.67
15.47
21.36
21.83
21.10
20.12

12.34
25.11
27.77
28.32
26.94
26.67

4.82
6.09
3,94
3.75
4.14
4.16

1.57
16.75
12.03
11.31
10.08
10.98

19.49
14.26
12.33
11.90
10.24
11.87

0.80
4.17
8.08
8.46
8.87
7.72

66.79
43.11
46.82
42.72
42.30
44.42

46.62
12,71
5.06
3.65
3.85
7.40

18.29
14.96
9.40
7.63
6.96
9.00

69.47
28,23
10,95
8.44
6.85

13.35

0.00
I .05
1.21
1.79
1.48
1.33

0.00
7.13
4.64
5.09
3.93
4.41

0,00
1.15
0.97
0.88
1.82
1.30

0.00
2.98
1.32
1.40
1.26
1.40

0.00
6.77
6.49
6.01
6.86
5.96

4.20
6.76
7.05
9.65

15.23
11.74

0.54
4.93
6.40
7.72

11.62
8.53

4.28
9.56
7.79
9.01

10.83
9.44

0,00
6.39
6.24
6.04
5.54
5.85

0.00
7.17
4.38
3.60
3.35
3.59

0.00
8.30
7.75
7,25
6.73
6.80

0.00
4.66
6.01
5.79
5.44
5.20

‘average over 30 periods.

change in the foreign interest rate which, in turn,
affects both the exchange rate and foreign output.
Accordingly, foreign money supply shocks affect
not only the price that foreign buyers have to pay
for U.S. meat products, but also their ability to
pay. On the other hand, the only direct conse-
quence of a domestic money supply shock on the
foreign excess demand for U.S. meat products is
due to a price effect induced by the exchange rate
change.

The differential impact of the foreign money
supply shock on U.S. beef exports versus other
meat exports may be explained partially by the
Japanese beef import restrictions. Prior to recent
liberalizations, beef imports in Japan have been
restricted through a complex framework of quotas
(Khan et al.). Since Japan accounts for nearly
three-fourths of all U.S. beef exports (Wisner and
Wang), its rigid quotas must have left little room
for U.S. beef exports to react to most shocks in the
system. Further evidence on this point is that the

only shock that is important to U. S, beef exports is
the one pertaining to the export variable itself (Col-
umn 6, Table 5). Effects of the beef export shock
are persistent and, on average, account for 44 .42%
of the unexpected variations in beef exports. On
the other hand, while important in the first period
or two, the effects of other own meat export shocks
on their res ective export variables decline quickly
over time. ,!

Turning to the shocks in aggregate output and
prices, in comparing columns 3 and 4 in Table 5,
it is evident that shocks in foreign output and price,
in general, exert more influence on the meat export
variables than shocks in their domestic counter-
parts. The average impact of foreign shocks is
10.37%, 21 .93?Z0,20. 12Y0,and 26.67Y0, respec-
tively, for beef, pork, turkey and chicken; com-

IO~apm~]iminatedimwfiquohsforporkin 1971, ~d d~s nOt have

import quotas forpoultry(Khanet al.),
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Table 6. Decomposition of Forecast Error Variances: Exchange Rate Variables
(in Percentage)

Foreign Domestic Domestic
Money Foreign Foreign Sum of Money output Exchange
supply output Price m*,y* supply & Price Rate

Step-ahead (m”) (Y*) (P*) and P* (m) (da,ca,p) (e)

On Exchange Rate (e):
1 50.81 4.56 0.53 55.89 0.58 3,68 39.68
4 42.41 5.92 5.16 53.49 0.22 8,86 36.20
8 27.99 13.89 8.15 50.03 0.28 16.82 31.79

12 23.18 12.40 9,87 45.45 0.24 24.07 29.22
24 15.60 8.72 12,52 36.84 0.17 39.27 23.02
average’ 24.47 9.54 9.71 43.72 0.22 27.02 28,16

‘average over 30 periods.

pared with 13.02%, 9.39%, 7.12%, and 6.42% for
domestic shocks. Shocks in foreign aggregate out-
put and prices can affect U, S. meat exports be-
cause they result in income and price effects in the
foreign macro economy and, hence, an income ef-
fect on the excess demand for U.S. meat products.
Similarly, shocks in domestic output and price can
affect U.S. meat exports because they result in
income and mice effects in the domestic macro,
economy and, hence, an income effect on the ex-
cess supply of U.S. meat products. The result that
the foreign impact outweighs the domestic impact
may be explained in part by the difference in in-
come elasticities for meat products in the domestic

11Another feasible explana-and foreign countries.
tion is that agricultural trade is more or less an
excess demand driven phenomenon, rather than an
excess supply driven event.

Columns 3 and 4 of Table 5 also indicate that the
impacts of domestic output and price shocks are
relatively more significant in the first period but
decrease steadily over time, while those of foreign
shocks tend to be delayed but increases over time.
In other words, the response of U.S. meat excess
supply to shocks in the domestic macroeconomy
tends to be relatively more rapid than the response
of foreign excess demand to shocks in the foreign
macroeconomy. Since shocks in the aggregate out-
put and prices within the macro sector can result in
an income effect on the meat exports, the differ-
ence in the adjustment speed may be due to differ-
ences in short-term and longer-term income elas-
ticities of meat products in the two countries. Al-
ternatively, it may be due to a differential in the
dynamic linkage between the macro sector and the

II For example, the in~Ome elasticities for meat prOducts in Japan are

rather high; between 1 and 2 for chicken,and 0.5 and 1.5 for pork
(Dyck)

meat subsector in the two countries. Further re-
search in this area is needed to provide additional
insight toward the multifarious dynamics of the
system.

Finally, as reported in column 5 of Table 5, the
impact of an exchange rate shock is modest for all
meat export variables. On average, this accounts
for 4.16’%0,10.98’ZO,11.87%, and 7.72Y0, respec-
tively, of the unexpected variations in beef, pork,
turkey and chicken exports. The modest effect of
exchange rates contradicts earlier findings that ex-
change rate movements are important to the agri-
cultural sector (e.g., Schuh, and Chambers and
Just). However, as previous research tended to
consider exchange rates as the only linkage to the
foreign sector, the omission of other important for-
eign macroeconomic variables from the model
could have inflated the importance of the exchange
rate shock.

To gain insight into the relationship between the
foreign macroeconomic variables and exchange
rate, Table 6 reports the forecast error variance
decomposition of the latter. Shocks in the ex-
change rate variable itself are very important to the
movement of the exchange rate; the contribution of
the exchange rate shock, on average, accounts for
28. 16% of the unexpected variations in the vari-
able. However, to a larger extent, exchange rate
movements are affected by shocks in other macro-
economic variables. In particular, a foreign money
supply shock explains, on average, 24.47% of the
unexpected variations in the exchange rate, and the
combined impact of the three foreign macroeco-
nomic variables (m*, y*, and p*) is 43 .729Z0.Ob-
viously, if the three foreign macroeconomic vari-
ables had been excluded from the model, at least
part of the 43.72% impact would have been attrib-
uted incorrectly to a shock in the exchange rate
variable.
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Conclusions

Within the context of an open economy, this paper
examines the impacts of domestic and foreign
macroeconomic variables on U.S. meat exports,
including beef, pork, turkey, and chicken. The re-
sults show that domestic money supply shock has
an insignificant effect on meat exports, while a
shock in the foreign money supply is very impor-
tant. The impact of domestic output and aggregate
price shocks is initially significant, but declines
over time to a rather modest level. On the other
hand, the impacts of foreign output and aggregate
price shocks are significant and persistent for most
meat export variables. In general, it is found that
foreign macroeconomic variables exert more sig-
nificant and persistent effects on U.S. meat exports
than domestic macroeconomic variables. The re-
sults are interesting because they suggest that the
U.S. can increase its meat exports more effectively
by expending efforts on international macroeco-
nomic policy coordination rather than on domestic
sectoral policy. The results also highlight the need
to include various foreign economy variables in
macroeconomic models of the agricultural sector.
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Appendix A: The VAR Models

Given the international focus of the study, the
goods market equilibrium condition in (4) is used
to eliminate y from the macro model. However,
since it is desirable to measure variables in logs
and yet retain linearity in the estimation, instead of
imposing (4) rigorously, it is specified that:

(Al) y = y (da, ca).

The money market equilibrium condition in (7)
is used to eliminate r from the model:

(A2) r= f(y, p,m)
= r (da, ca, p, m).

Similarly, the foreign interest rate can
nated from the model by expressing

(A3) r* = r* (y*, p*, m*).

be elimi-

Substituting (Al) and (A2) into (1) for y and r,
respectively, the domestic absorption equation can
be specified econometrically as

(A4.1) d% = ad’ + ~~ C% + (&p,

+(3$mt+hYGt
+ AT Tt + p$,

where IXis the constant term, ~‘s are the coeffi-
cients for the endogenous variables, h‘s are the
coefficients for the exogenous variables, and p is
the error term.

Substituting (A 1) into (2) and (3) for y, the cur-
rent account and price equations can be expressed
econometrically as

(A4.2) C% = da + ~ja (et + p? – pt)
+&’d~+(3~y~+kYaTt
+ )& T! + W:a,

(A4.3) p,=cxp+p?d%+~lc%
+ (3?mt + h! POt + p!.

Similarly, substituting (A2) and (A3) into (5) for
r and r*, respectively, the exchange rate equation
can be expressed as

(A4.4) et=~e+~~d~+~~c~+~~pt
+(3~mf+(3~y~+~~p~
+(3~m~+(3~e~+W~.

The exchange rate expectation in (6) is specified
as

(A4.5) e: = a“ + ~~ e, + p?.

Substituting (Al) into (8) for y, the domestic
money supply equation can be expressed as

(A4.6) mt = CXm+ (3Td% + ~~ c%
+ (X’ Pt + P:.
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There are three foreign endogenous variables
(Y*, P*, and m*) appefing in (A4.2) and (A4.4).
Each of the three foreign variables is specified as a
function of domestic real output, price, money
supply, and the exchange rate:

The Macro VAR Model

The nine-equation macro structure in (A4, 1)
through (A4. 9) contains nine endogenous vari-
ables. Denote those nine endogenous variables by
the column vector Xt = (d%, CA, pt, mt, YT, PY,
mf, et, e;)’. Theory does not say much about the
dynamics of the system. To correct for this limi-
tation, the VAR spirit of Sims (1980) is adopted by
augmenting each of the nine equations n lags of the
nine endogenous variables (x;_ 1, X:.2, . . . , x:-n) .
The augmented version of the structure can be
written in matrix form as:

(A5) Bxt=&+rlxt_l + . . . + r.xt..
+Azt+wt,

where B is a 9 X 9 matrix containing the structural
coefficients of the current variables, ~‘s (notice
that there are 36 free parameters in B); cxis a 9 X
1 vector containing the constant terms; ri is a 9 X
9 matrix containing lagged coefficients for Xt– i;Zt

= (Gt, T,, T:, PO,)’ is a 4 X 1 exogenous VeCtOU

A is a 9 x 4 matrix containing coefficients for zt,
k’s; and

Denote the 9 X 9 variance-covariance matrix of
Pt in (A5) as ~W.It is conventional to assume that
the structural error terms in p,t are mutually and
serially independent. Thus, ZP is a diagonal ma-
trix. From (A5), it follows that:

(A6) Xt = B–l c1 + B–lrlxt_l + . . ,
+ B–lrnxt_n + B-lAzt
+ B–l ~t.

Alternatively, one can write a reduced-form
VAR system:



220 October 1993

(A7) X,=~O + ~lX,_l + . . . + ~nXt_~
+ rIn+, Zt + Vt.

Denote the 9 X 9 variance-covariance matrix of
Vtin(A7) as Xv. Notice that Xvequals B- lZWB-1
(“. v, = B -1 p,,, by construction) and, in general,
is not a diagonal matrix; implying the VAR error
terms in (A7) are contemporaneously correlated.
To disentangle the effect of individual shocks in
dynamic policy simulations, it is necessary to per-
form a transformation of the equation such that the
variance-covariance matrix of the transformed in-
novations is diagonal. Since Vt = B – 1Wt,an ap-
propriate transformation matrix for (A7) is B.
Upon transformation, (A7) becomes

(A8) Bxt = BHO + BH1 X,_l + . . .
+ BIIn Xt_n + BHn+l Z,
+ pt.

Since the variance-covariance matrix of the er-
ror terms in (A8) is diagonal, the equation system
can be used directly for policy simulations as long
as one knows B, XW,and fIi’s. The estimates of
Hi’s can be obtained from estimating the VAR
model in (A7). In doing so, one also obtains esti-
mates of 2,. Then, B and ,ZWcan be identified via
solving Y+ = B- l~WB-1. In particular, since Z,
is a 9 x 9 symmetric matrix, it contains 45 distinct
elements, which are just enough to identify the 45
free parameters, including the 36 ~’s in B and the
9 variances in ~P. [Note that 1, = B- 12PB-1
contains 45 nonlinear equations. In the empirical
analysis, this system is solved using Shazam’s
nonlinear equation routine (NL), with standard de-
faults. In this process, the macro structural model
is first estimated equation by equation using OLS.
The resulting preliminary estimates of B and ~P
are then used as the initial values for the numerical
iterations needed for solving the nonlinear sys-
tem. ]

The Meat VAR Model

With the assumption that the meat subsector ‘‘re-
cursively follows” the macro sector, the impacts
of macroeconomic variables on meat exports do
not depend on the contemporary ordering of the
meat variables. Hence, specifying a structure for
the meat subsector is not needed, given the pur-
pose of this study. Denote the eight meat variables
by an 8 X 1 column vector x’. Specifying x: as a
function of its own lags, some exogenous variables
unique to the meat sector (z:), the lagged macro
variables, and current macro exogenous variables,
one can write:
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(A9) X:= ~; + ~;X;_l + . . . + ~:X:_n

+II; +, z;+ @,xt_, + . . .

+ Q“ xt_n + @n+] Zt

+ v:.

(Upon using (A7), (A9) can be alternatively spec-
ified as:

x:=rI:+ rI; x;_l+. ..+rI:x:_n
+ rI:+l z: +@xt+ v;.

Obviously, this alternative specification conserves
degrees of freedom as the lagged X,’S were re-
placed by the current Xt.)

Denote the 8 X 8 variance-covariance matrix of
v: in (A9) as ~v.. Similar to Zv in (A7), in general,
Sv. is not diagonal and, hence, an orthogonalizing
transformation for (A9) is needed. However, since
the meat variables “recursively follow” the macro
variables, the transformation cannot be done in
isolation from the latter; it is necessary to consider
the overall model.

The Overall Model

Given the macro VAR model in (A7) and the meat
VAR model in (A9), the overall VAR model can
be written as

(A1O)
o 1[1x~_[

fq +x:_, . . .

x~_n
a

‘t–n 1
Denote the 17 X 17 variance-covariance matrix of
the error terms (v;, v:’)’ in (A 10) by

[1z,24‘=2*2,8‘
with Z, and S,. being the variance-covariance ma-
trices of Vtand v:, respectively, and 2* containing
the cross terms.

Now, a transformation matrix is needed for
(A1O) such that the variance-covariance matrix of
the transformed innovation vector is diagonal, with
the first nine diagonal entries being the diagonal
elements of ~ p and each of the last eight diagonal
elements being one. That is, one seeks a 17 X 17
transformation matrix.
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[1~= HI H2
H3 Hd ‘

such that the transformed variance-covariance ma- Upon multiplying out (A13) component by com-
trix is ponent and focusing on the southwest and south-

east comers of the matrices, one obtains
(All)

[R; al[;; ‘![~~ ~1 (A,Q) H,= _H,~~-l

‘[::, ‘~:’l

*VY

In accordance with the macro model identifica-
(A15) H&H\ + H&*H~ + H3~~H~

tion in (A8), H, = B, which has been identified. + H4xvaHJ = 18.
In keeping with the recursive assumption between
the macro and meat models, H2 is a zero matrix. Substituting (A14) into (A15) for H3,

Thus.

[H’‘21=[:3‘fl’l(A12) H = H3 H1
(A16) –2&1Zi + ~,a = H;’H;l’.

Since the ordering of the meat variables does not
Remaining to be found are H3 and HA. From matter, H4 is impos~d to be a lower triangular ma-

(A12), the variance-covariance matrix in (Al 1) be- trix. Accordingly, Hi 1 is also a lower triangular

comes matrix, which can be conveniently obtained by ap-

[:3 0:1[::::1[::9:~1
plying a Choleski decomposition on the left-hand-

(A13) side of (A16). Once Hq is arrived at, H3 can sub-
sequently be calculated using (A14).


