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rate, as well as by information in related markets. In addition,
transportation costs have a direct influence on international price
linkages.

The objective of this analysis is to evaluate the causal and
dynamic elements of spatial price linkages in intermational wheat
markets. The analysis examines lead/lag relationships among monthly
wheat prices in six important international wheat markets. The analysis
also considers lead/lag relationships between these prices and exchange
rates and transportation costs.

The exact nature of price relationships in international wheat
markets has been addressed in several investigations. Roe et al. (1986)
and Bredahl et al. (1979) evaluated price responsiveness in light of
governmental interventions using price transmission elasticities.
Binkley (1983) evaluated the effects of freight charges and other
marketing costs on wheat price stability. Ardeni (1989), Jabara and
Schwartz (1987), and Goodwin et al. (1990) addressed adherence to the
law of one price in international wheat markets. Market power
implications for international wheat price linkages have been
investigated by McCalla (1966), Carter and Schmitz (1979), and Alaouze
et al. (1978). Spriggs et al. (1982) examined price leadership roles
for U.S. and Canadian markets. Bessler and Babula (1987) evaluated the
relationship between exchange rates and wheat exports and prices. In
nearly every case, attention has been directed toward reasons why prices
may be imperfectly linked across space and, thus, -why markets may be

imperfectly integrated. However, relatively little attention has been






variables. Such VAR models most often utilize a set of distributed lag
equations to model each variable as a function of other variables in the
system. Such an approach reduces spurious a priori restrictions on the
dynamic relationships (Sims 1972).

A VAR system for n variables can be defined as:
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where t refers to time (t =1,...,T), Y, is an n X 1 vector of economic

variables, K is the lag order of the system, the b;;(k)’'s are the
parameters to be estimated, and E, is a vector of random errors. Such
VAR models have realized widespread usage in evaluations of dynamic
relationships in economic systems (see for example, Bessler and Brandt
1982 ; Featherstone andeaker 1987; and Sims 1972).

To implement the VAR system, a technique for choosing the
appropriate lag order (K) of the system is required. In the empirical
applications that follow, the appropriate order of the VAR system was
determined using the likelihood ratio test statistic for alternative lag
orders. The final lag order chosen was the largest for which the null
hypothesis was rejected (Nickelsburg 1985). To verify the final choice
of lag length, the Ljung-Box Q statistic was used to test for
significant residual autocorrelation in the residuals. 1In each
equation, the Q statistic added support for the fihal specification in
that no significant autocorrelation was detected. In the applications
that follow, data were utilized in their levels.
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Empirical Results

The vector autoregressive model was applied to monthly price data
covering the period from July 1975 through December 1986 for six
important international wheat markets. The data were chosen to include
major importing and exporting markets. In particular, export markets
included the U.S. Gulf market for No. 2 Dark Northern Spring wheat (14%
protein), the Canadian Pacific market for No. 1 Western Red Spring wheat
(13.5% protein), the Argentine export market for Trigo Pan wheat, and
the Australian export market for Australian Soft White wheat. Import
markets included the Rotterdam and Japanese import markets for U.S.
origin No. 2 Dark Northern Spring wheat. It is important to note that
quality differences may exist in these individual wheat types across
markets. Such quality differences could influence international price
linkages, if these wheat types are imperfect substitutes for one
another. However, even in light of possible quality differences, the
markets should be interrelated to the extent that the individual wheat
types are substitutes in consumption and, thus, respond to global supply
and demand conditions.

The Japanese, Argentine, and Australian prices had a small number
of missing observations. Because of the importance of the time series
structure of the data series, deletion of missing observations was
considered to be too stroAg a step. Instead, missing observations were
replaced by the predicted values from a regression of the individual

prices on prices in closely related markets.? Wheat prices were

2In particular, 11 missing Japanese prices were replaced by predicted values
from a regression of Japanese prices on Rotterdam prices. A single observation
of the Australian price was replaced by a regression of the Australian price on
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ports and Japan; between the U.S. Gulf ports and Rotterdam; and between
the U.S. Atlantic ports and Rotterdam.’

The VAR system was estimated using OLS. The likelihood ratio
statistics initially indicated that a lag order of 2 months was most
appropriate. The Ljung-Box Q-statistics indicated that no significant
residual autocorrelation was present in any equation, except the freight
rate equation. To purge this autocorrelation, time trends and 3-, 4-,
and 12-month lags of freight rates were added to the system of
equations.

Contemporaneous correlations of the residual errors of the VAR
system are presented in table 1. Of the 28 correlation coefficients, 24
are significantly different from zero at the 5% level. This indicates
that a significant portion of information is reflected in price
adjustments between the markets within the current month. The
correlation coefficients for prices range in magnitude from .22 to .77,
with most being around .50.° Residual correlation coefficients appear
to be highest between individual markets and Canada and the U.S.,
indicating important roles for these two markets in global wheat price

discovery.

“Monthly freight rates for wheat trade between these markets were collected
from the International Wheat Council’s World Wheat Statistics.

SStrong contemporaneous correlation in conjunction with the absence of any
significant lead/lag relationships can have two implications for price discovery.
First, this may indicate that markets respond rapidly (i.e., within the one-month
sampling interval) to new information. Secondly, this result may imply the
absence of significant information flows across markets. In the lead/lag
relationships that follow, it is important to recognize this limitation of the
empirical analysis.






Causal relationships among the individual markets were investigated
using the Granger F-tests. The summary F-statistics are presented in
table 2. A surprising result is the overall degree of price
independence exhibited in the world wheat markets. This is reflected in
the relatively low values of the Granger F-statistics for causal
comparisons between alternative variables. Causality appears to be
unidirectional, in that little feedback is revealed between any two
series. In all, 13 of the 64 tests indicate significant causality at
the 5% level, and an additional 6 tests are marginally significant at
the 15% level.

Canada appears to be the dominant market. Canada's price is not
significantly influenced by any variable other than lagged values of its
own price. The Canadian export price appears to be a significant
determinant of import prices in Japan and export prices in Australia, in
that Canadian prices lead prices in each of these markets. This is
reasonable because Canada is a major supplier of wheat to Japan, and
Australia is an important competitor with Canada for the Japanese
market. These results are consistent with oligopoly views (see McCalla
1966 and Alaouze et al. 1978) of the world wheat market, which assume a
role of price leadership for Canada.

U.S. export prices also exhibit a high degree of independence.
However, causality from exchange rates to U.S. prices is indicated in
the F-tests. Trade theory indicates that domestic prices of traded
goods will rise as the domestic currency depreciates. This effect is

verified in the empirical analyses, in that the coefficients on exchange
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rates are positive in the equation for U.S. prices. U.S. prices are
significant determinants of prices in Rotterdam for imported U.S. wheat.

Wheat prices in Australia have a significant (at the 6% level)
influence on Argentine export prices. Australian prices are also
marginally influenced (at the 11 % level) by price changes in Rotterdam.
A surprising result is that the index of freight rates does not appear
to be a strong determinant (from the F-tests) of wheat price
relationships between importing and exporting markets. This index has a
marginally significant effect (at the 13% level) on U.S. and Rotterdam
prices. However, freight rates do not appear to exhibit a significant
influence on wheat prices in Japan, Australia, Canada, or Argentina.
Finally, with the exception of the U.S. and Japanese prices, exchange
rates do not exhibit strong causal influences on the wheat prices.

The Granger causality results offer insights into price linkages in
these selected international wheat markets. In general, a large degree
of price independence is suggested by the results. Freight rates and
exchange rates appear to exhibit a limited influence on wheat prices,
significantly affecting only the Japanese and U.S. prices. Price
linkages in these markets can be further investigated by considering the
forecast error decompositions. These allow us to consider which of the
variables are exogenous or endogenous relative to one another in the
short run. Note that the forecast error decompositions are not
invariant to the ordering of variables in the system.

Table 3 reports error decompositions for 1-, -3-, and 10-month ahead

forecasts from an ordering scheme implied by the Granger causality
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results.® The variables were ordered as presented in table 3. The
forecast error decompositions reconfirm a relatively large degree of
price independence in most of the series. Again, Canada seems to be a
dominant market. Innovations in the Canadian price have a significant
effect on Canadian, U.S., Australian, Rotterdam, and Japanese prices.
This is verified by the relatively large percentages of the forecast
errors for each of these series that are attributable to innovations in
the Canadian price. A similar result occurs for the U.S. price, which
appears to be responsible for a large degree of the forecast errors in
these series, particularly in Rotterdam. However, the forecast errors
for Argentine prices do not appear to depend upon innovations in any of
the other series. Adjustments to innovations in freight rates appear to
take place over a significant length of time, as evidenced by larger
percentages of forecast error decompositions that are explained by
freight rates in the 10-month-ahead forecasts relative to the 1- and 3-
month-ahead forecasts. This may imply that adjustments to shocks in
freight rates are quite slow to occur.

Calculation of impulse responses enables us to evaluate the dynamic
paths of adjustment of prices to shocks in the data series. Impulse
responses for prices in the six markets generated by separate shocks of
one standard deviation to the exchange rate and freight rates are
presented in figure 1.7 Panel A illustrates price adjustments for the

six wheat markets in response to a shock to the SDR exchange rate. As

®Results for the forecast error decompositions for alternative orderings of
the variables were very similar and are available from the authors upon request.

’A complete set of impulse response functions for all of the variables in
the system is available from the authors upon request.
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would be expected, a positive shock to the U.S. dollar/SDR exchange
rate has a significant positive influence on dollar prices in each of
the six markets. For most of the markets, this effect is significant
through 5 or 6 months following the shock. This indicates that
significant lags occur in the adjustment of wheat prices to exchange
rate shocks.

Panel B of figure 1 illustrates price adjustments in each of the
six markets to a positive shocks of one standard deviation in freight
rates for wheat. Each market price responds in a positive manner to
increased freight rates. Such a response is expected for the c.i.f.
import market prices but is somewhat perplexing for the f.o.b. export
prices. A possible explanation might be that higher freight rates were
coincidental with higher domestic transportation charges (i.e., from
hinterland to export markets), leading to higher prices at export
markets. Interestingly; significant lags in responses to the freight
rate shocks are apparent in each of the price series. 1In particular,
significant price responses to increased freight rates do not generally
occur until 3 to 4 months after the shock. These effects persist until
9 or 10 months, which is consistent with the error decomposition
results. This may result from the fact that international transactions
are often contracted several months in advance, significantly slowing
price responses. In addition, sharp changes in shipping costs that
occurred during the 1975 to 1986 period may have been expected to be
only transitory, thereby leading to a slower price response.

Panels A and B of figure 2 illustrate price adjustments for each of

the six markets in response to separate exogenous shocks of one standard
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deviation in the Canadian and U.S. prices, respectively. Significant
responses are revealed in each of the markets through 4 to 5 months
following the shock to Canadian prices. The greatest response in each
of the markets occurs in the first month following the initial shock.
Following a shock to the Canadian price, Argentina and Australia have
responses roughly 40% of the magnitudes of those of Japan, Rotterdam,
and the U.S. The greatest response to a shock in the U.S. price series
(panel B figure 2) is realized by the U.S. price. Rotterdam also shows
a significant response in the first and second months following the
shock to U.S. prices. The majority of the responses to shocks in the

U.S. price are completed within 2 months.

Concluding Remarks

This study examines causal and dynamic elements of spatial price
linkages in international wheat markets. The analysis considers
lead/lag relationships among monthly wheat prices in six important
international wheat markets and evaluates lead/lag relationships between
these prices and exchange rates and transportation costs. A vector
autoregressive model is estimated and Granger causality tests are
performed. The analysis uses forecast error decompositions and impulse
response functions to examine dynamic elements of the price discovery
process in the international wheat market.

The empirical results indicate a degree of independence among
monthly prices in international markets. This is -reflected in Granger
causality F-tests that reveal limited causality between prices in the

individual markets. The Canadian price appears to be dominant in the
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