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PRICE DISCOVERY FOR US AND EC CORN GLUTEN

FEED AND RELATED MARKETS

Abstract

The dynamic relationship of US and EC prices of corn gluten feed and

related markets are investigated using time series models. Results show

prices for Rotterdam corn gluten feed and soybean meal markets are instan-

taneously related, and that these commodities behave as strong substitutes.

Results also show prices for these commodities are first discovered in

Europe, rather than in the US. Rotterdam corn gluten feed and Rotterdam

soybean meal behave as weak substitutes for West German barley. Thus, the

results indicate that corn gluten feed acts more like a protein supplement

than a feed grain or energy substitute.

Keywords: causality tests, barley prices corn gluten feed prices multi-

pliers, price discovery, soybean meal prices, time series.



PRICE DISCOVERY FOR US AN
D EC CORN GLUTEN

FEED AND RELATED MARKETS

Corn gluten feed (CGF) i
s a by-product of the corn ref

ining (wet mill-

ing) industry, which pro
duces high fructose corn syrup (H

FCS). This indus-

try has grown rapidly 
in the United States sinc

e the mid-1970's. Consump-

tion of HFCS has incre
ased from 1.5 to 14 kilogra

ms per capita from 1973 to

1984. During.this same time pe
riod, per capita consumption o

f all sweeten-

ers (sugar, HFCS, and 
glucose) has remained relat

ively constant.. Much of

this increased demand for HFCS has occurred due 
to its competitive price

relative to sugar. Since 1982, the US domes
tic sugar program and import

restrictions have kept
 the price of domestic refine

d sugar at twice the

level they would have 
been without the restri

ctions (USDA, 1984). During

1983, US sugar price averaged $US 33.00, while HFCS-42 averaged only

$US 19.21 per cwt (USD
A, 1984). Since corn gluten feed is

 a by-product of

the corn refining in
dustry, its production h

as increased at the same ra
te

as HFCS.

CGF is produced primar
ily in the United State

s. However, its primary

market is the Europea
n Community (EC), where

 it is used for hog and cat
tle

feed. In contrast to the US,
 grain price relationship

s within the EC have

permitted its widesprea
d use, as over 90 percen

t of the CGF produced in the

US is exported to the EC. From 1974 to 1984, US ex
ports of CGF increased

from .6 to 3.5 milli
on MT with a value of 

$US 800 million. The US main-

tained a 95 percent market s
hare of EC CGF in 1983 (A

gra Europe, October.

12, 1984).

Within the EC, feed c
ompounders use a variety 

of commodities including

citrus pulp, grain and milling by-products, oilseeds, and CGF. The

imported commodity of 
primary interest in thi

s study besides CGF is soybean



meal. Both soybean meal and CGF enter the EC without import restrictions

under the Dillon Round of GATT. Unlike CGF, soybean meal is not a rela-

tively new import to the EC. Over the last six years, US soybean meal

annual exports have held relatively constant averaging slightly over 6

million MT.

The sudden increase of CGF imports by the EC from the mid-1970s to

mid-1980s has created controversy. European grain producers argue that CGF

imports displace their production. EC wheat and coarse grain production

has increasdd by around 40 percent while at the same time stocks have about

doubled from 1977 to 1984. As a result, the EC Council of Ministers has

approved a proposal to limit CGF imports to 3 million MT annually, with a

heavy import levy for imports exceeding this amount (Agra Europe, August 3,

1984). This action has prompted US officials to consider retaliatory mea-

.tures against French dairy products, French wine, and Italian wine exports

to the United States (Agra Europe, June 15, 1984).

The question of whether or not or to what extent CGF imports displace

EC grain production has created two opposing views. One view is held .by

some farmers and others within the .EC. It essentially contends that the

high energy-low protein content of CGF causes it to behave as an energy

rather than protein substitute. Thus, they hold that soybean meal and CGF

behave as weak substitutes (or as complements). Therefore, they see CGF

imports as displacing their domestic grain supplies, and thus contributing

to EC grain surpluses. An opposing view held by some in the US is just the

opposite. It holds that based on this same energy-protein level, EC soy-

bean meal and CGF are strong substitutes as they argue that CGF is low

energy-high protein. Therefore CGF imports do not displace EC grain. This

view is supported by a USDA study concluding that EC CGF imports compete

with protein meals such as soybeans (Ara Europe, March 23, 1984).
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The above opposing views are both primarily based on technical

protein-energy relationships rather than economic or price relationships

between soybean meal and CGF. This technical relationship is that soybean

meal contains 44 percent protein while CGF contains abou
t twenty-one per-

cent protein, while grains contain even less protein than CGF. The "EC

view" holds that the 21 percent protein level of CGF is "relati
vely low",

compared to the 44 percent level of soybean meal, therefore qualifying it

as a low protein-high energy feed substitute. On the other hand, the "US

view" holds that the 21 percent protein level is "relatively high", thus

qualifying CGF as a high protein feed substitute. Therefore based primar-

ily on this technical protein and energy information, v
iews may be incor-

rectly established as to whether or not CGF and soybean me
al behave econom-

ically as substitutes. The objective of this paper is to determine whether

or not CGF behaves economically as a substitute or a com
plement in relation

to both soybean meal and feed grains. This is accomplished by studying the

price discovery process for theae commodities.

International price discovery for CGF and related commodities is
 also

f interest to policymakers and those in the international 
commodity trade.

On one hand, US CGF price may be discovered primarily o
n the supply side,

.by ,US corn price as it is a corn by-product. On the other hand, CGF price

may be discovered on the demand side by the EC CGF
 market. The extent to

which CGF and soybean meal prices are discovered by the supply (US) or

demand (EC) side forces will be examined.

The results relate to the question of market efficiency, i
n terms of

the time for information to fully flow from one market to another. If

prices are slow to adjust to exogenous shocks, then price a
djustments are

slow, thus reflecting inefficiencies in the markets (Fama). Previous
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market efficiency studies have investigated whether or not prices fully

reflect information contained in their own past prices (Gupta and Mueller,

1982b). Studies have also investigated whether or not prides fully reflect

information of past prices of related commodities (Brorsen, et al., 1984;

Gupta and Mueller, 1982a).

The methods used in this paper are similar to Brorsen, et al. This

procedure utilizes a time series model. It emphasizes price discovery, or

the process by which equilibrium price is reached. This is in contrast to

a structurar model, which emphasizes price determination, or what the equi-

librium price level will be. With only about 10 years of reliable CGF data

available, the time series model does not suffer from the degrees of free-

dom problem which would be associated with an annual structural model.

Theoretical Model

A theoretical model involving the trade of a commodity is presented

here. Excess supply and excess demand functions in time t are

(1) ES = f(PS' U 
),

t t

(2) El) = f(PD Vt), andt

(3) E
S = EDt t

where ES and ED represent the excess supply a.nd . demand quantity func-

tions, PS and PD are the corresponding prices, while U and V represent

the excess supply and demand shifters, such as weather and income.

Assuming trade occurs, structural static equations (1), (2), and (3)

can be solved for the equilibrium trading price. This yields the reduced

form equation:

(4) Pt =f(et)

where Pe is the equilibrium price with trade and 0 = (U,V). • This reduced



form equation is •the general equi
librium condition which can be used to

analyze price when markets are in equilibri
um. Price is expressed as a

function of excess supply and demand 
shifters (i.e., weather, income).

However, assuming the market is not in equilibrium, then ES * 
ED.

Disequilibrium may occur, for example,
 when firms do not make instantaneous

adjustments in response to a changing 
market situation. If disequilibrium

occurs, then the static price equati
on (4) can be made dynamic by including

both present and past structural sh
ifts:

(5) Pt = f(et, et-1...eq).

If markets do not adjust instantane
ously to a particular shock, they

would •be expected to adjust to a 
new equilibrium within a relatively short

period of time. This adjustment process can provide u
seful information on

the price discovery mechanism and 
the characteristics of a market.

-.--- troweve.ri it is impossible to meas
ure or take into account of all the

excess supply and demand shifters fo
r any short period of time. Therefore,

rather than using equation (5), a s
uperior approach is to assume that price

determined by some underlying stochastic process related to 0. This

process can then be modeled indirect
ly using a time series model:

(6) pe = D s et

where D represents the determin
istic component and S + et the stochastic

process. The deterministic component, which 
represents trend and seasonal-

ity, must be removed. The stochastic process can then be id
entified and

estimated using time series modelin
g.

Data and Procedure

Data in Europe are weekly Rotterdam
 (C.I.F.) prices for soybean meal

(44 percent protein) and CGF (21 percent protein) (Oil  World Weekly).
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Barley prices (paid by feed manufacturers, etc.) are from W. Germany (Agra 

Europe). Chicago prices are used for U.S. soybean meal, CGF (Oil World

Weekly), and corn (#2YC) (Dunn & Hargitt). All prices are cash and $US per

MT. A reliable Rotterdam CGF price series was unavailable prior to January

1, 1978. Therefore, the data are for January 1, 1978 to the first week of

April 1984, for a total of 329 observations.

First differences of the data are taken to remove any linear time

trends. Seasonality is also checked using periodograms. A series of

bivariate aatoregressive (AR) models are used, as the more general auto-

regressive moving average (ARMA) model can be written as an AR if the MA

process is invertible. AR models are simpler to estimate and analyze than

ARMA models. Since model selection in a multivariate AR model is better

developed and requires less pretesting, the AR is selected over the more

general ARMA. These are used in the causality and multiplier procedures

which follow. The order of the models are selected using Akaike's Informa-

tion Criterion (AIC) (Akaike). The AIC tends to overestimate the true

order of the model thus lessening the probability of selecting too small an

order in a small sample (Shibata).

The bivariate model can be written as(7) P i(.) a + re J
P LI 1.1 a ,(1) a (11, P t-i •e LI

where P and P are the prices of the commodities, p is the order of the

model, the are residuals, and the are coefficients to be

estimated.

Residuals of the bivariate autoregressive models are checked for white

noise by Fisher's Kappa and Bartlett's Kolmogorov-Smirnov tests (Fuller,

pp. 284-86). Assuming the true AR model is selected and the residuals are



white noise, then con
sistent and asymptotical

ly efficient estimates of 
the

parameters and standard
 errors are obtained by

 least squares techniques.

The concept of Granger 
causality is used to det

ermine the direction of

dynamic price adjustm
ents. Pierce and Haugh define

 causality in terms of

predictability. A variable X does not c
ause variable Y if Y can

 not be

predicted better by usi
ng past values of X than

 if past values of X are n
ot

used. If X Causes Y and Y doe
s not cause X, then X i

s said to unidirec-

tionally cause Y. Bivariate causality occu
rs when X causes Y and Y

 causes

X. This is called a fee
dback relationship. Unidirectional causality ha

s

implications for price 
discovery. For example, if Rotterd

am prices cause

Chicago prices unidir
ectionally, it would imp

ly that prices are first d
is-

covered in Rotterdam.

The test for causality 
running from X to Y is 

performed by testing the

significance of the •co
efficients as a group rat

her than individually. This

test is conducted wit
h the Wald F statistic 

(Wald):

(R -r) CP-R(VX)1-1

8) Wald F =  
 F(p,T-(2p+1))

where RI, -r corresponds the relevant restriction and is the

variance of unconstra
ined cl and p is the number of res

trictions. This

test procedure is a 
variant of Granger's te

st which Monte Carlo stu
dies

have shown to be more powerful than the causa
lity tests of either Sim

s

(1972, 1977) or Haugh (
Nelson and Schwert; Gew

eke, et al.).

The causality tests 
previously mentioned pro

vide no information about

the dynamic properti
es of the model, i.e., 

how the impact of price c
hanges

are transmitted through the markets. 
They do not show the net

 impact of

one market on anothe
r. In a multimarket frame

work, a price change in o
ne

market has both a direct and indirect impact on other markets. An



autoregressive model is a parsimonious representation of a dynamic process,

thus the order of the autoregressive model underestimates the time period

for full adjustment. Therefore, •the dynamic properties of the underlying

series are further examined by calculating dynamic multipliers for the

bivariate autoregressive models (Chow, 1975, pp. 106-08, 153-56).

The traditional interpretation of dynamic multipliers is not used in

this analysis'. Dynamic multipliers typically measure change in the endo-

genous variable with a one unit change in an exogenous variable. In this

analysis, all predetermined variables are lagged endogenous variables; and

dynamic multipliers are calculated, assuming a one-time stochastic shock

occurs through the error term. This shock is related to et in equation

(6), but this shock is not specified as to whether it is due to a shift in

supply or a shift in demand. The multipliers thus show the dynamics of a

price change due to an unspecified random disturbance or a shift in an

exogenous variable.

The one-time shock occurs through the error term in the autoregressive

model for deseasonalized price changes. Ths shock results in an immediate'

change in current price (Pt) and also a change in the expected value of

future price changes. The mth delayed run multiplier (DRM(m)) shows

the impact of this one-time shock in time t on expected price changes 
in

time t+m. Thus,

(9) DRM(m)ij =
ai(t+m)]

r()P(t)

where DRM(m)ii is the delayed run multiplier measuring impact on the

expected change in price i in time period t+m of a change in price j in

time t.



The intermediate run multiplier (IRM(m)) 
is the sum of delayed run

multipliers 1,...,m. The intermediate run multiplier thus represe
nts the

total change in expected price changes w
hich is the change in the expected

price level m time periods ahead. The long run multiplier is the impact on

expected price when a new equilibrium is r
eached which is the same as the

intermediate run multiplier as m approaches 
infinity. Long run multipliers

(LRM), in this case, can be interpreted as

aE[ri(t+h)] aE[Api(t k)]

(10) LRM.. = lim  
DRM(k)..

13 Z,P(t) 1(.1 31)-(t) k=1

where LRMij is the long run multiplier m
easuring the long run impact on

the expected value of price i of a ch
ange in price j in time t and ITO

is price. j in time t. Standard errors for delayed run multipliers were

calculated following the method developed by Schmidt (1973). Standard

_
errors for the long run multipliers were 

obtained as in Dhrymes (1973).

The period of adjustment implied by an AR model is longer than the

number of lags. The speed of price adjustment is measured he
re using two

alternative approaches. "Adjustment Period I" is defined here as the n
um-

ber of weeks it takes for the intermediate-run multiplier to reach and

remain within five percent of the long-run multiplier (Ngenge).
 This is

when all but five percent of the impact from a sh
ock is reflected in the

price. 'Adjustment Period II" is defined here as 
the number of weeks it

takes for the delayed run multiplier t
o become not significantly different

from zero at the five percent significan
ce level. The best measure of the

speed of adjustment may be the minimum of th
e two measures, because the

first tells when impacts are small and the second when impacts are no

longer significant.



Results

Both Fisher's Kappa Test and Bartlett's Kolmogorov-Smirnov tests

failed to reject the null hypothesis of white noise residuals in all 16

equations (Table 1). Therefore, these tests support the appropriateness of

the modelling procedure. The causality F statistics, equation F statis-

tics, and equation Ra values are shown in Table 2. Six of the sixteen

equations have significant F statistics at the five percent level, indicat-

ing significant explanatory power. Only two of the equations have an R.2

value over 20. This is not unexpected, as equations constructed from

weekly data which is first differenced would not be expected to have near

as high R) values as, for example, undifferenced annual data. Three of the

price relationships, shown at the bottom of Table 2, had a zero order

selected by the AIC, therefore no equations could be constructed nor could

causality tests be performed.

All causality test results are shown in Table 2. However, those of

particular interest are shown in Figure 1. Only those causality test

results which were significant at the five percent level or results which'

have a zero order are reported here (Figure 1). As well all causality is

one way, no feedback relationships are found. Chicago corn gluten feed

price i "caused" (in the context of this paper's definition) or led by all

other markets. On the demand side, Rotterdam CGF market leads it by 9

weeks. This lead would be expected, since nearly all CGF is exported to

Europe. The Rotterdam soybean meal market also leads Chicago CGF, by 3

weeks, indicating this price also reflects information before the Chicago

CGF price. On the supply side, Chicago corn price leads Chicago CGF price

by 3 weeks. This lead would be expected, as CGF is a by-product of corn

milling, so its price would also be affected by the Chicago corn market.



The Chicago Chicago soybean meal market leads. the Chicago CGF market by 10 weeks,

thus jointly discovering Chicago CGF price
. .Chicago CGF does not lead any

of the other prices in price discovery, b
ut rather it is led by the other

prices.

The causality results also show that soybea
n meal and corn gluten feed

prices are primarily discovered on the demand side, in Rotterdam, as

opposed to the supply side, Chicago. This is evidenced by the causality

tests showing both the Rotterdam CGF and Rotterdam soybean meal markets

leading both the Chicago CGF and Chicago soybean meal markets, but not

vice-versa. This result may be due to the large number o
f substitute com-

modities available to European feed compound
ers (i.e., citrus pulp, manioc,

copra meal, etc.). Their plant machinery and mathematical programming

techniques enable them to substitute rapidly 
from one commodity to another

as relative prices change. This behavior may imply that those on the

demand side (EC) obtain information on re
lative prices in advance of those

on the supply side (US). This would cause Rotterdam prices to lead Chicago

prices, as the results show. Thus, the effect of demand shifters appears

to outweigh the effect of supply shifters in
 price discovery.

The nine week lead from the Rotterdam CGF market to the Chicago C
GF

market indicates a fairly long time peri
od for information to fully pass

from one market to another, indicating po
ssible market inefficiencies. In

contrast, information is passed from Rotte
rdam CGF to Chicago soybean meal

in only 1. week. The other long information flow is from Chica
go soybean

meal to Chicago CGF, 10 weeks.

A zero lead between markets was found in a 
number of cases (Figure I).

This result indicates that neither market 
leads the other. Either the mar-

kets are instantaneously related or the
y are unrelated. The correlation of
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price changes (i.e., the first differenced data) between markets can help

in determining whether the markets are instantaneously related or unrelated

when combined with the zero lag result. A high positive correlation coef-

ficient in price changes implies that the two commodities are strong sub-

stitutes. A high negative correlation implies the two commodities are com-

plements. A low correlation (positive or negative) implies that the mar-

kets are unrelated or are not close substitutes or complements.

A set of correlation coefficients of price changes are presented in

Table 3. Rotterdam CGF and Rotterdam soybean meal price changes have a

positive correlation of .45, which is significant at the .0001 percent

level. This result when combined with the zero lead indicates that

Rotterdam soybean meal and Rotterdam CGF behave as strong economic substi-

tutes rather than complements. This is supported by a previously cited

USDA study (Agra Euroye, March 23, 1983).. Also, W. German barley along

with Rotterdam .soybean meal and CGF are weakly related as they have zero

leads combined with low correlation coefficients of .15 and .20, respec-

tively. This indicates that W. German barley acts as a weak substitute for

Rotterdam CGF and soybean meal. This may partly be due to the government

policy of controlling barley price within a narrow band, in contrast to

Rotterdam soybean meal and CGF prices which are set by world market condi-

tions. These results that Rotterdam CGF and soybean meal are strong sub-

stitutes for each other, but not for W. German barley lend support to the

"U.S. view" of the debate. Rotterdam CGF behaves economically more like

Rotterdam soybean meal, a protein substitute rather than like barley (or

grain) an energy substitute. Thus, CGF may substitute for some European

grain, but it primarily substitutes for protein feeds.
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Another instantaneous
 relationship is Chica

go corn and Chicago soyb
ean

meal price (Figure 1). 
These price changes have a

 positive correlation

coefficient of .61, 
significant at the .000

1 percent level. This indicates

that the two commod
ities behave as strong 

economic substitutes, ra
ther than

complements. Chicago CGF and soybean meal do not h
ave an instantaneous

price relationship, 
as opposed to the sit

uation in Rotterdam. 
This may be

due to Chicago CGF 
being priced relativel

y high compared to soyb
ean meal.

It may be more eco
nomical for feeders in

 the US to utilize so
ybean meal

instead of CGF. Yet in the EC, CGF ma
y substitute for some 

of the expen-

sive grain, making i
t more economical to 

use than soybean meal.

The multiplier analy
sis shows the directi

on, magnitude, and spee
d of

price adjustment . (Table 4). For example, the impa
ct of. Roterdam soybean

mealon Chicago CGF is .27 means that if soybean meal in Rotterdam

increases $1.00, Ch
icago CGF will. increa

se $0.27 in addition t
o any simul-

taneous increase. 
Positive multipliers 

imply commodities are su
bstitutes,

negative multiplier
s imply complements o

r weak substitutes. 
All multipli-

ers WiliCh are .sign
ificant have positive 

signs as expected impl
ying all com-

modities are substi
tutes except for Chicago. CGF . Chicago soybean meal.

*Negative multipliers
 may indicate that t

he. two commodities behav
e rixtre as

substitutes in the 
direction of causality

 than vice-versa. For example,

Chicago soybean meal
 may be more of a sub

stitute for Chicago CG
F than vice-

versa. (i.e., water may 
be a better substitute for tea tha

n vice-versa).

All relationships w
ith significant caus

ality results also hav
e significant'

multipliers. As well, the multip
liers also support the

 causality results

that CGF and soybea
n meal prices are d

iscovered on the deman
d side of the

market.

The. two measures of the
 adjustment period cal

culated using the dyna
mic

multipliers are also shown in Table 4. Adjustment period I shows. the
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number of periods from an initial shock, such as weather, until all but

five percent of the total impact on price is reflected. Considering only

the positive and significant multipliers, Rotterdam CGF and Chicago SBM

along with Rotterdam SBM and Chicago corn are the fastest to adjust, taking

only one week. At the other extreme, Chicago CGF Rotterdam CGF is slow

to adjust, taking 25 weeks. This may be due to information traveling from

Rotterdam CGF*to Chicago soymeal and then to Chicago CGF. This range, from

1 to 25 weeks, shows that it takes from 1 to 25 weeks for information to

fully flow 'from one market to another, depending on the commodity and

location.

The other measure of the speed of adjustment, adjustment measure II,

shows the number of weeks it takes for the delayed-run multiplier to remain

not significantly different from zero. Compared to adjustment period I,

this measure generally shows a longer period of adjustment. Again, the

best measure of the period two is probably the minimum of the two, as the

first tells when the impacts are small, and the second when the impacts are

no longer significant. Taking the minimum of the two measures, it takes an

average of 12 weeks for information to fully flow from the Rotterdam CGF

and SBM markets to the Chicago CGF market. Similarly, it takes an average

of 11.5 weeks for 'information to fully flow from the Chicago CGF and SBM

markets to the Chicago CGF market. The multiplier results show that the

markets have considerable inefficiencies in the time it takes for informa-

tion •to pass from one market to another. These inefficiency findings are

relatively consistent with the causality results. The longer the causality

lead time the longer are Adjustment Periods I and II. However, the multi-

pliers generally show more market inefficiency or time for information to

fully flow from one market to another, as would be expected.
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Conclusions

The causal
ity and mu

ltiplier r
esults wer

e found to
 be general

ly con-

sistent. 
Chicago CG

F price was
 found to lag all

 other mark
ets in pric

e

discovery. 
Soybean mea

l and CGF p
rice were 

found to be
 discovered

 first on

the EC or 
demand side

 of the mar
ket rather

 than in th
e US or sup

ply side of

the market
. This could

 be due to
 the large

 number of
 substitute

 commod-

ities avai
lable to f

eed compou
nders, who 

become awar
e of these 

substitute

commodity 
price chang

es before t
heir count

erparts in 
the US.

Rotterdam 
CGF and Rot

terdam soy
bean meal w

ere found t
o behave a

s sub-

stitutes. 
However, W.

 German bar
ley was fo

und to be o
nly a weak 

substitute

for these two commod
ities. This is in

 contrast 
to a view 

held by som
e

within the
 EC and in

 support of
 the "US v

iew". These resul
ts also sup

port

a USDA st
udy. This subst

itute rela
tionship i

mplies tha
t if CGF i

mports

were to be
 restricte

d by the E
C, they wo

uld primari
ly be repla

ced by soy
-

bean meal 
along with 

other prote
in substit

utes, not 
by EC barle

y or grain.

Therefore, 
the propos

ed CGF imp
ort restri

ctions may 
not assist 

in disposin
g

of excess 
EC grain as

 proposed,
 but inste

ad increase
 other impo

rts such as

soybean me
al. This is co

nsistent wi
th a leadi

ng Dutch fe
ed compound

er who

used linea
r programm

ing and fo
und that b

y allowing 
no CGF into

 its ration
,

the use of
 other pro

teins such 
as soybean 

meal, citru
s pulp, and

 copra meal

increased, 
while wheat

 and barley
 did not en

ter the ra
tion, as th

eir prices

were too h
igh (Agra E

urope, Marc
h 23, 1984

). The results
 provided 

by this

paper, tho
ugh not th

e final wo
rd on the 

subject, sh
ould be us

eful to pol
-

icymakers a
nd those w

ithin the 
commodity t

rade.



-16-

References

Agra Europe. London, various issues.

Akaike, H. "Canonical Correlations Analysis of Time Series and the Use of

an Information Criterion, Advances and Case Studies in System Identi-

fication, ed. R. Mehra and D.G..Lainiotis. New York: Academic Press.

1976.

Brorsen, Wade B., Jean-Paul Chavas, and Warren R. Grant. "Dynamic Rela-

tionships of Rice Import Prices in Europe," European Review of Agri-

culturdl Economics, 11-1(1984):29-43.

Chow, Gregory C. Analysis and Control of Dynamic Systems. New York: John

Wiley and Sons, 1975.

Dhrymes, Phoebus J. "Restricted and Unrestricted Reduced Forms: Asymp-

totic Distribution and Relative Efficiency," Econometrica,

41(1973):119-34.

Dunn, D. and E. Hargitt. "Dunn & Hargitt Commodity Data Bank," Lafayette,

IN.

Fama, Eugene F. "Efficient Capital Markets: A Review of Theory and Empir-'

ical Work," Journal of Business, 25(1970):383-417.

Fuller, Wayne A. Introduction to Statistical Time Series. New York: John

Wiley and Sons. 1976.

Geweke, John, Richard Meese, and Warren Dent. "Comparing Alternative Tests

of Causality in Temporal Systems: Analytical Results and Experimental

Evidence," Journal of Econometrics, 11(1983):161-94.

Granger C.W.J. "Investigating Causal Relationships by Econometric Models

and Cross-Spectral Methods," Econometrica, 37(1969).424-38.



-17-

Gupta, Sanjeev and Rolf A.E. Mueller. "Analyzing the Pricing Efficiency in

Spatial Markets: Concept and Application," European Review of Ag
ri-

cultural Economics, 9(3)(19892):301-12.

"Intertemporal Pricing Efficiency in Agricult
ural Markets:

The Case of Slaughter Hogs in West Germany
," European Review of Aui7

cultural Economics, 9(1)(1982):25-40.

Haugh, L.D. "The Identification of Time Seies Interrelations
hips with

Special Reference to Dynamic Regression Mod
els," Ph.D. dissertation,

University of Wisconsin-Madison, 1972.

Nelson, Charles R. and G. William Schwert. 
"Tests for Prediction Relation-

ships Between Time Series Variables: A Monte Carlo Investigation,"

Journal of American Statistical Association
, 77(1982):11-18.

Ngerige-, Anthony Wawa. "A Time Series Analysis of the Efficiency of

• 
Selected U.S. Farm Commodity Markets," Ph.D. dissert

ation, Texas A&M

University, College Station, Texas, 1983.

Oil World Weekly, Hamburg, West Germany, v
arious issues.

Pierce D.A. and L.D. Haugh. "Causality in Temporal Systems," Journal of 

Econometrics, 5(1977):265-93.

Schmidt, Peter. "The Asymptotic Distribution of Dynamic Multipliers,"

Econometrica, 41(1973):161-64.

Schwert, G.W. "Tests of Causality: The Message in the Innovations,"

Carnegie-Rochester Conference Series on Public Policy, ed. by Karl

Brunner and Allan H. Metzler. Supplement to Journal of Monetary

Economics, 10(1979):53-96.

Shibata R. "Selections of the Order of an ARMA Model by Ak
aike's Informa-

tion Criterion," Biometrika, 61(1976):117
-26.



-18-

Sims, C.A. "Money, Income, and Causality," American Economic Review,

62(1972):540-52.

"Comment: On Relationships -- and the Lack Thereof --

Between Economic Time Series, with Special Reference to Money and

Interest Rates," Journal of American Statistical Association,

71(1977):23-24.

U.S. Department of Agriculture. Corn Background for 1985 Farm Legislation.

Economic Research Service, Bulletin Number 471, September 1984.

Wald, A. "Tests of Statistical Hypothesis Concerning Several Parameters

When the Number of Observations is Large," Trans American Mathematical

Society, 54(1943):426-82.



Table 1. . White Noise Tests of the Resi
duals from Causality Equations.a

Commodity

Bartlett s

Kolmogorov-Smirnov

Statistic Fisher's Kappa

Rotterdam SBMb Chicago CGF

Chicago CGF Rotterdam SBM

Rotterdam SBM Chicago SBM

Chicago SBM Rotterdam SBM

Rotterdam CGF Chicago CGF

Chicago CGF Rotterdam CGF

Rotterdam CGF Chicago SBM

Chicago SBM

Chicago Corn

Chicago CGF

Chicago SBM

Chicago CGF

Chicago Corn

Rotterdam CGF

Chicago Corn

Rotterdam SBM

4. Rotterdam CGF

• Chicago CGF

▪ Chicago Corn

• Chicago CGF

▪ Chicago SBM

▪ Rotterdam CGF

Chicago Corn

Rotterdam SBM

• Chicago Corn

.0630

.0397

.0569

.0487

.0353

.0278

.0614

.0449

.0481

.0349

.0434

.0291

.0654

.0514

.0619

.0536

5.81

6.14

5.19

5.20

5.65

4.33

5.92

3.78

6.22

4.01

3.92

5.56

6.12

4.71

5.06

4.63

a Both tests failed to r
eject the null hypothesis o

f white noise residuals

in all 16 equations.

b SBM = soybean meal; CGF
 = corn gluten feed.
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41.

Table 2. All Weekly Price Causality Lead-Lag Relationships and Equation

Results for Corn Gluten Feed, Soybean Meal, and Corn.

Commodity

Causality
Wald F-statistic

Equation
F-statistic R?

Rotterdam SBMa

Chicago CGF

Rotterdam SBM

Chicago SBM

Rotterdam CGF

Cliicago CGF •

RotterdaM CGF

Chicago SBM

Chicago Corn

Chicago CGF

Chicago SBM

Chicago CGF

Chicago Corn

Rotterdam CGF

Chicago Corn

Rotterdam SBM

Chicago SBM

Rotterdam SBM

-0- 3b Chicago CGF

+ 3

+

+ 4

+ 9

+

+ 1

Rotterdam SBM

Chicago SBM

Rotterdam SBM

Chicago CGF

Rotterdam CGF

Chicago SBM

-0- 1 Rotterdam CGF

Chicago CGF

-0- 3 Chicago Corn

-0- 10 Chicago CGF

-0- 10 Chicago SBM

-0- 1 Rotterdam CGF

-0. 1 Chicago Corn

-0. 1 Rotterdam SBM

-0- 1 Chicago Corn

-0- Oc Chicago Corn

-0- Oc Rotterdam CGF

+ 3

W. German Barley -0. Od Rotterdam SBM

8.94*

.80

14.38*

1.77

10.41*

1.30

12.74*

.33

3.13*

.45

5.10*

1.29

1.08

.57

.82

3.62

6.99*

.59

7.37*

1.21

7.26*

1.69

6.41*

1.03

3.96*

.91

1..15

4.30*

1.41

.46

.46

1.99

no equations

no equations

no equations

.12

.01

.16

.03

.30

.09

.04

.01

.07

.02

.07

.22

.01

.00

.00

.01

* Denotes significnace at the five percent level.

a SBM = soybean meal, CGF = corn gluten feed.

b For example, Rotterdam SBM price leads or "causes" Chicago CGF price 
by 3

weeks, as evidenced by the significant causality F-statistic.

Zero represents an instantaneous price discovery, neither market leads

nor lags the other, so causality test and equations cannot be utilized.

d Zero represents no relationship between markets, neither market leads 
nor

lags the other, so causality tests and equations cannot be utilized.



Figure 1. Weekly Price Causality Lead-Lag Relationships for Corn Gluten

Feed, Soybean Meal, and Corn.a

ROTTERDAM

SOYBEAN

MEAL.

CHICAGO

CORN

F=3.13

W. GERMAN

BARLEY .

CHICAGO

CORN GLUTEN

FEED

ROTTERDAM

CORN GLUTEN

FEED

CHICAGO .

SOYBEAN

MEAL

a
All causality tests are significant at the five percent level using the

Wald F--;s *tatistic.

b
For example, Rotterdam soybean meal price leads Chicago corn gluten feed

price by 3 weeks.

Zero• represents an instantaneous price discovery relationship.

Zero represents no relationship between markets.
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Table 3. Weekly Correlation Coefficients of Price Changes Between Soybean

Meal, Corn Gluten Feed, and Corn Markets.

Rotterdam . Chicago Chicago Chicago W. German

CGF SBM CGF Corn . Barley

Rotterdam SBMa .45* .63* .07 .39* .15*

Rotterdam CGF. .25* .18* .15* .20*

Chicago SBM

Chicago CGF. .08 .09

.03* .61* .11*

Chicago Corn .09

* Denotes significance at five percent level.

a SBM = soybean meal; CGF = corn gluten •feed

-
csw



Table 4. Long-Run Multipliers for Corn Gluten Feed, Soybean Meal
, and Corn.

Commodity

Impact
Multiplier t -value Prob > ITI

Adjustment
Period I

Adjustment
Period II

Rotterdam SBMa

Chicago CGF

Rotterdam SBM

Chicago SBM

Rotterdam CGF

Chicago CGF

Rotterdam CGF

Chicago SBM

Chicago Corn

Chicago CGF

Chicago SBM

Chicago CGF

Chicago Corn

Rotterdam CCP

Chicago Corn

Rotterdam SBM

• Chicago CGF

▪ Rotterdam SBM

Chicago SBM

• Rotterdam SBM

• Chicago CGF

Rotterdam CGF

• Chicago SBM

• Rotterdam CGF

▪ Chicago CGF

▪ Chicago Corn

• Chicago CGF

+ Chicago SBM

▪ Rotterdam CGF

• Chicago Corn

• Rotterdam SBM

4. Chicago Corn

.27*

-.20

.74*

-.08

.86*

-.21

.39*

.02

.38*

-.10

.32*

-.36*

-.09

.03

-.14

.05*

5.57

-1.34

6.30

-.93

7.20

-1:56

3.4

.56

4.05

-1.13

5.76

-2.23

-1.11

.74

-.96

2.09

5.29E-08

.18

9.82E-10

.35

4.41E-12

.12

.0007

.58

.00006

.26

1.99E-08.

.03

.27

.46

.34

.04

5

5

9

18

25

1
1

7

17

20

2

2

1

1

8

3

25

14

43

42

1

9

39

47

* Denotes significnace at the five percent le
vel.

a SBM = soybean meal, CGF = corn gluten feed.


