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INTRODUCTION

Futures trading in beef cattle has drawn varying degrees of criticism from both cash
market participants and hedgers. Since 1981, opponents of futures trading have ac-
tively sought federal legislative intervention ranging from greater regulation of the cattle
futures market to its outright abolition. Although criticisms vary in what economists
might accept as reasonable or plausible, they generally contend that futures trading in
cattle causes instability of cattle cash prices by sending false signals about market forces
and causing severe misallocation of resources in the cattle feeding industry.' Some au-
thors have questioned the extent to which futures markets in live animals represent an
institutional alternative for provision of accurate cash price forecasts, (see Martin and
Garcia (1981)). These dual concerns have been voiced in a variety of commodity and fi-
nancial markets and most recently in the context of program trading of stock index fu-
tures and corporate stock portfolios. This article tests hypotheses that are consistent with
critics’ allegations that futures trading destabilizes cash prices for live cattle.

In contrast to critic’s allegations, economic theory suggests that if cash markets are
perfectly competitive, the introduction of an informationally efficient futures market
would introduce no new information into the cash price formation process leaving the
cash price performance undisturbed. The contribution of futures trading is argued to be
the facilitation of the price formation process through centralization of trading, reduction
in transaction and information costs through enhanced public availability of information
concerning future price levels, and risk transfer, (see Samuelson (1965), Telser and
Higinbotham (1977), or Bray (1981).

'Historically these criticisms have been most virulent for nonstorable or semi-perishable commodities such
as onions (late 1950’s), potatoes (early 1960’s), and beef cattle (early 1980’s). Numerous Congressional Hear-
ings have documented these charges; see an account in Working (1970). Helmuth (1981) alleged that collusive
trading practices among large cattle traders were responsible for there being only two hours throughout 1981
during which the typical farmer-feeder could hedge in a profit. Palme and Graham (1981) strongly questioned
Helmuth’s analysis. Pluhar, Shafer, and Sporleder (1985) re-examined Helmuth’s analysis and found evidence
to support his conclusions.
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Nonétheless, futures prices can play an important role in the cash market decisions
such as production, marketing, or storage decisions of farm products (Gardner (1976),
Peck (1976), Danthine (1977), Turnovsky (1979 and 1983), and Kawai (1983)). Perhaps
for this reason the neutrality of futures trading effects on cash price performance has
been repeatedly reconsidered. Tomek and Gray (1970), Powers (1970), and Cox (1976)
have argued that informationally efficient futures markets will stabilize prices in associ-
ated cash markets, in part due to their effects on the efficiency of the synthesis of infor-
mation. In contrast, Stein recently argued that futures trading introduces new speculators
to cash markets. Stein (1987) demonstrated that if information is asymmetrically distrib-
uted, the information content of cash prices changes and cash prices may be destabilized
(variance increased) and welfare reduced.

Empirical evidence concerning the impacts of futures trading on cash price perfor-
mance characteristics is mixed. Several studies of cash price performance before and after
the institution of futures trading have found evidence of greater stability after futures trad-
ing or no effect (see Working (1970), Gray (1963), Powers (1970), Taylor and Leuthold
(1974), Cox (1976), and Froewiss (1978)). Others have found contrary or inconclusive
evidence (see Tomek (1979-80) and Figlewski (1981)). Further, evidence has been
found that suggests that futures markets are not informationally efficient, implying they
would not be expected to stabilize cash prices (see Mann and Heifner (1976), Leuthold
and Hartmann (1979), Martin and Garcia (1981), and Rendleman and Carabini (1979)).

Past studies have addressed the question of futures trading effects on cash price per-
formance through analysis of various measures of the variation of prices before and after
futures trading. While this approach can establish changes in sample variation of prices,
a comparison of sample estimates of variance fails, in general, to provide a basis for in-
ferring whether the underlying population stochastic processes generating the samples
have changed. Further, changes in variance measures fail to explain the origins of the
observed changes. Results are consistent with, but do not imply that, futures trading is
the cause of the observed change. Importantly, variation based measures leave open the
more central question of whether cash prices are dynamically stable in the presence of
futures trading.

The variance of a stochastic process is a static concept, only indicating the dispersion
of observations about the population mean at a point in time. By definition, variance for
a stochastic process is likely to change over time. Of greater interest than the static con-
cept of variance is the dynamic concept of stability which indicates whether a shock to a
stochastic process can be expected to result in a time series of sample observations
which diverges from the original process, or converges back to it. Dynamically stable
stochastic processes adjust to shock such that after the adjustment they are characterized
by the same asymptotic distribution as they were before the shock. While this implies
that population variance does not change, change in sample variances may be observed
and would be expected. After a shock, the observed price series remains a sample (real-
ization) of the same process. Alternatively, where a time series is dynamically unstable,
the population variance could change from a shock to the process. For this reason, dif-
fering sample estimates of variance can not be used to test for a change in the population
stochastic process unless that process is first inferred to be stable.

In this article, two aspects of the stability effect of futures trading on cash prices are
examined for the case of cattle: (1) whether the information content of cash prices is af-
fected by futures trading, and (2) whether cash prices are dynamically stable in the pres-
ence of futures trading. The central hypothesis tested is that in the presence of futures
trading, portfolio trading introduces new information to the determination of cash prices
for commodities which would be unrelated in cash markets in the absence of futures
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trading. This new information is external to the fundamentals of their respective cash
markets. By introducing external information, the possibility is introduced of destabi-
lization of cash prices under futures trading. The hypothesis is developed in Section II
and provides a basis for an empirical test of the role of external information in the deter-
mination of cattle cash and future prices. The empirical approach is outlined in
Section III and results for the case of cattle are reported in Section IV. Conclusions are
drawn in Section V.

AN OVERVIEW OF A HYPOTHETICAL CASE CONSISTENT WITH CRITICS
ALLEGATIONS

Modelling of futures and cash trading which is consistent with observed trader and mar-
ket characteristics would call for a general equilibrium framework which includes a
broad spectrum of markets for commodities and assets which are linked by jointness in
production, nonseparable consumption demands, or nonseparability in trading. As sug-
gested by past literature, the perishability and storage feasibility of the commodity, the
role of risk-response, and the way in which information is synthesized by traders are im-
portant aspects of the market that need to be incorporated in a model. Specification of
such a model is restricted by the limited extent of our understanding of the structure and
complexity of the price determination process. Rather than use such a model, a tax-
onomical approach is adopted here to provide motivation for an empirical approach. The
objective of the approach is to develop a null hypothesis which is both plausible from
the standpoint of economic theory and consistent with the view of critics of futures
markets that futures trading changes the information content of cash prices and through
this mechanism destabilizes cash prices.

Define related commodities as those which are horizontally or vertically linked in
their cash markets even without futures trading. Because of the interrelatedness of their
cash markets, their cash market fundamental information sets are overlapping. Define
unrelated commodities as those which would not be linked in cash markets in the ab-
sence of futures. Although it might be argued that all prices are interrelated, of concern
here is the extent of empirical relatedness. For example, cattle and corn or cattle and
hogs could be defined as related pairs due to vertical linkages resulting from derived de-
mand for feed and horizontal linkages due to demand substitution. Conversely, cattle
and plywood exemplify a pair which would have no strong direct relation in cash mar-
kets in the absence of futures trading and could be labelled here as an unrelated pair.
Cash prices of related commodities are determined in a common multimarket equi-
librium (i.e., nonindependently) while cash prices of unrelated commodities would, in
the absence of futures trading, be determined in distinct, or separable markets (i.e., in-
dependently). An empirical criterion is introduced later in the article to identify candi-
dates for unrelated commodities.

To elaborate these concepts, suppose no futures trading exists. Demand and supply
histories and expectations are regarded as market information for a commodity. Such an
information set may be defined for each commodity’s cash market and is labelled fun-
damental cash market information set (FCMI). All information extraneous to the cash
market for a commodity is defined as that commodity’s external cash market information
set (ECMI). In the absence of futures, FCMI would provide the basis for traders to plan
and execute trades in cash commodity markets, while ECMI would be definitionally ir-
relevant. For related commodities, respective FCMI sets might overlap due to structural
market linkages, but for unrelated commodities, FCMI for one commodity would be
ECMI for another. This implies that for related commodities, overlapping FCMI would
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force their respective cash prices to be determined nonindependently while for unrelated
commodities disjoint FCMI would ensure that their respective cash prices would be in-
dependently determined. This logic provides the basis for an empirical approach when
futures trading is introduced.

Linkages between commodities which are unrelated in the absence of futures could
only occur as a result of changes in opportunities for price arbitrage. In this sense, “re-
latedness” could result from changes in technology, preferences, or institutions. That is,
“relatedness” could be established by the introduction of futures trading. The role of fu-
tures trading in the creation of such market linkages between commodities which are un-
related when only cash markets exist represents a mechanism through which futures
trading could affect cash price formation and information content. By introducing ele-
ments of ECMI to the FCMI that exists in the absence of futures trading, new linkages
among commodities or assets may be established by futures trading. This expansion of
the FCMI would cause commodities that are unrelated in the absence of futures trading
to be related in the presence of futures trading. This possibility presents the basis for a
testable null hypothesis concerning the effects of futures trading which is consistent with
the contention of critics that futures trading destabilizes cash price formation through
changes in the information content of cash prices. The alternative hypothesis in this case
may be interpreted as consistent with neoclassical economic theory, namely that futures
trading introduces no new information into already informationally efficient cash markets.

To further elaborate the null hypothesis, consider the following scenario for futures
trading. It is generally accepted (see Working (1970), Streit (1983), Yamey (1983)) that
hedging in futures markets serves both a risk-shifting function and a profit-making func-
tion. By definition, hedging (whether hedging a given commodity or cross hedging dif-
ferent commodities) requires taking opposing positions (though not necessarily equal) in
different contracts. Define cross futures trading as the act of taking uncovered simulta-
neous positions in different commodity contracts (possibly of different maturities) to sat-
isfy portfolio trading objectives (not necessarily pure price arbitrage). Importantly, cross
futures trading does not necessarily imply that positions in unrelated commodities are
specifically motivated to offset a position in a particular commodity. In fact, cross fu-
tures trading might equivalently be labelled portfolio diversification in unrelated com-
modities. For example, investors typically find incentive to hold portfolio investments in
commodity contracts as well as corporate stocks, financial instruments, foreign ex-
change, or precious metals. A commodity producer who, having financed his operations
principally through bank loans and credit, may opt to minimize his interest rate risks by
simultaneously investing in Treasury Bills, allied interest rate futures, precious metals,
or more risky assets. Conventional portfolio theory (see Allen (1983)) clearly provides a
basis for cross futures trading in related commodities. In the absence of futures trading,
prices of unrelated commodities would be uncorrelated. Nonetheless, cross futures trad-
ing of these commodities could occur if traders maximize expected utilities that are
functions of both expected portfolio returns and portfolio risk, or if trading costs are joint.

Cross futures trading immediately implies that portfolio decisions (possibly including
production, inventory, and futures positions) would depend on both related and unrelated
commodity cash and futures prices, or equivalently, fundamental and external informa-
tion. Market equilibrium would lead both cash and futures prices to reflect both funda-
mental and external information. In sum, cross futures trading of unrelated commodities
can be interpreted as a working hypothesis that is consistent with the introduction of ex-
ternal information (ECMI) into the determination of the unrelated commodity cash and
futures prices. This would not happen in the absence of futures trading in unrelated com-
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modities. The implication of this possibility is that futures trading could affect the for-
mation, level, and stability of cash prices, a hypothesis consistent with critic’s allegations.

AN ILLUSTRATIVE MODEL

To illustrate the hypothesis for a two commodity case, consider market-level supply, in-
ventory, and futures position functions derived by aggregating individual trader decision
functions over all traders. These would provide cash and futures market structural equa-
tions. The addition of market-clearing conditions for cash and futures respectively would
make it possible to obtain market specific reduced form equations for the endogenous
cash and futures prices determined in each market equilibrium in any period. Assume
and ¢ and ¢ + 7 are contract maturity dates for commodity A and B, respectively,
t — j — m is the date when traders first make inventory, supply, and futures decisions,
and market participants are risk averse. All cash prices are subscripted once by an obser-
vation date but all futures prices are subscripted twice, the first subscript referring to the
contract maturity date and the second to the observation date. Note that A and B have non-
coinciding futures maturities whenever 7 is not zero.

For the pair of commodities A and B, market specific reduced form price functions in
period ¢t — j can be written as follows.

Cash Market Partial Equilibrium Price

A _ pA/pA A B . 74 A A A

Pl—j =P (Pt—j—m’Fl,t—j—m’FH-‘r,l—j—m, 1—j—m»> l—j9XD_{—j71{—j—-[) (1)
B _ pB(pB A B .78 B B B

Pl—j =P (Pl—j—m’Fl,l—j—m’F!+‘r,l—j-m’ Z!—j—m’Zt—j’XD,l—j’Il—j-l) (2)

Futures Market Partial Equilibrium Price
Fl=F'2ZL) (3)
Ff"f,f—j = FB(ZIB—J) (4)
where

P refers to cash price, F to futures price,

Z is a vector of information and endowment variables (here, containing the expanded
FCMI set as discussed above),

X, is final consumption demand related variables,

I is aggregate inventory carryover from prior periods, and superscripts A and B indi-
cate the two commodities.

Equilibrium at ¢ — j requires physical balance in each of the cash and futures markets.
Importantly, arbitrage of a physical commodity between the cash and futures settlement
markets is not assumed to be possible at ¢ — j, implying that P* jand F . ; for any com-
modity k are not driven to equality as they are in the closing market at ¢. At closing, ar-
bitrage forces P, and F, to equality, implying that in the closing period the reduced
forms for prices have identical determinants. That is, at closing cash and futures prices
are jointly determined by the complete set of exogenous variables in (1)—(4) dated as .
These equations could easily be restricted to reflect special conditions. For instance, for
a nonstorable commodity the inventory carryover term may be suppressed and the appro-
priate z vector redefined to not include storage-related information.

The main implications of these reduced form price equations are as follows. First, be-
fore closing (period ¢ — j), equilibrium cash and futures prices are functions of planning
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period (¢t — j — m) and period ¢ — j variables. The intuition here is simple: planning period
decisions for inventory, production, and futures are all based on period ¢t — j — m infor-
mation including prices prevailing at 1 — j — m. If these decisions are not revised between
t—j— mandt — j, the final equilibrium prices at + — j should additionally reflect
only adjustment on the basis of period ¢t — j variables. If revisions are possible between
t—j— mandt— j, a more detailed partial reduced form system can be specified to
allow explicitly for variables arising between t — j — m and ¢ — j. In the specification
above, Z vectors are defined at 1 — j broadly enough to include these intermediate pe-
riod variables.

Second, the presence of Z in (1) and (3) implies that A’s cash and futures prices at
t — j must be nonindependently determined even before the closing process forces strict
cash-futures equilibrium. The same follows for B’s prices from (2) and (4). This result
is a familiar one if the Z vectors contain solely inventory-related terms since that implies
cash-futures arbitrage via stock adjustment. However, the result is clearly more general
in that the nonindependence of cash and futures prices continues to hold even if A and B
are nonstorable and if the Z vectors contain more than just inventory-related terms.

Also, the two cash prices are determined nonindependently as are the two futures
prices whenever Z# and Z? are correlated or contain common information. If market in-
formation present in the two Z vectors consists of FCMI as well as ECMI, then the rea-
son for nonindependence of prices is clear. This holds true even if A and B are unrelated
as long as cross trading and jointness of costs force market information to contain the
expanded rather than the original FCMI.

In sum, the hypothesis of cross trading between unrelated commodities implies gen-
eral conditions in which cash and futures prices may be nonindependently determined
even for nonstorable commodities before the closing process forces their joint determi-
nation. For a general case, economic theory and institutional knowledge may provide
the basis for specifying cash and futures prices for related commodities, and factors
which may affect specific prices. However, detailed knowledge of the interaction of
prices and determinants across markets is limited. The stated partial reduced form price
functions express succinctly the expected relationships among the prices and provide in-
sight into the role of information in determining those relationships. The hypothesis of
cross futures trading presents a plausible mechanism for cash prices of unrelated com-
modities to be affected by futures trading through the introduction of information exter-
nal to their cash markets. Also, the statistical and dynamic stability properties of these
prices would be conditioned by the type and nature of such external information. In this
sense, external information would be interpretable as a contaminant in the cash price
formation process which would not be present in the absence of futures trading. This hy-
pothesis is consistent with critics’ allegations that futures trading is in some way respon-
sible for creating unstable cash prices which convey false signals for resource allocation.

EMPIRICAL APPROACHES GIVEN WEAK PRIORS

Although Peck (1976) presented partial equilibrium theoretic models which acknowl-
edged the need for focus on dynamic stability, such models are inadequate bases for
specification of empirical models of the complex general equilibrium processes of cash
and futures price formation. Past empirical studies have employed single equation mod-
els which rely on theory only for specification of relevant variables. However, egs. (1)-
(4) suggest that cash and futures prices emerge from a dynamic multivariate model. For
related commodities, this model would involve at least prices and elements of FCML.
Under the null hypothesis of cross-futures trading, the model would include prices and
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elements of FCMI for unrelated commodities. The approach taken here is to employ a
dynamic reduced form representation as suggested by egs. (1)—(4). However, in the ab-
sence of knowledge of the structure of the dynamic reduced form, the approach adopted
here is to identify the structure using empirical means.

Direct estimation of an ARMA model does not uniquely identify temporal structure
and, thereby, fails to provide an adequate basis for causal inference. Instead, state space
methods are adopted which allow unique identification of an ARMA representation as
Akaike (1974 and 1976) has established. The estimated state space model is employed in
two approaches to estimation of a dynamic reduced form. First, estimates are employed
to directly derive a parameterization of the ARMA representation. Second, state space
results are employed as a basis for specifying an AR representation which is directly es-
timated. Both approaches lead to systems of dynamic reduced form equations which
provide evidence concerning causal structure. Further, they provide for a determination
of the dynamic stability of the price series based on the identified model structure. De-
tails concerning the empirical approach are presented in the appendix.

THE EMPIRICAL APPROACH FOR ANALYSIS OF U.S. LIVE BEEF CATTLE

Sampling of cash and futures ptices requires adoption of a theory of the stochastic pro-
cess(es) generating observed prices. If daily cash and futures prices follow unique sto-
chastic processes for each day of the week, then it is appropriate to construct a sample
of observations from a particular day-of-week to characterize the stochastic process gen-
erating prices on that day-of-week. This is the approach taken here. Mid-week prices
were employed to avoid opening and closing market effects. Weekly or monthly aver-
ages were not used because the temporal aggregation involved obscures the fundamental
daily stochastic process that the prices follow.

The price series were constructed as follows. As noted above, closing arbitrage forces
cash and futures prices to be jointly determined. However, before closing, for non-
storable commodities, cash and futures prices of related commodities may be jointly de-
termined due to joint trading costs, or jointness in portfolio trading. For unrelated
commodities, joint determination of cash prices prior to closing could occur due to cross
futures trading. It is of interest to sample futures and cash prices in the periods prior to
and at maturity of futures contracts. It is assumed that the underlying stochastic process
that generates prices for a particular day-of-week prior to closing is the same for all
maturity dates. Based on this assumption, the stochastic process generating mid-week
prices may be characterized by a sample of observations for the last four weeks of trading
for a set of contracts. Observations were pooled across delivery dates. This procedure
has been used by several authors (see Leuthold (1974), Scobie and Gellatly (1979), and
Martin and Garcia (1981)). For futures prices of a contract with maturity in period ¢, the
mid-week prices were sampled for the last four weeks of every contract between 1972
and 1981 and then stacked. For example, since cattle futures contracts mature in the
months of February, April, June, August, October, and December, for one calendar year
four weekly observations for each delivery month provide a total of 24 observations of
the stochastic process generating mid-week cattle futures prices over the ten year sample
period, this gives a sample of 240 observations. This type of sampling procedure was
followed for all prices in the study.

Related and unrelated commodities were identified as follows. Commodities related to
cattle through horizontal market linkages included hogs and broilers (representing de-
mand substitutes). Vertical linkages with cattle through derived input demand exist be-
tween feed commodities such as wheat, corn, and soybean meal and feeder cattle. Of
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this set of related commodities, hogs, corn and soybean meal were employed in the em-
pirical test as related commodities. Unrelated commodities were chosen to reflect strong
potential for use in cross futures trading. To strengthen their interpretation as unrelated
(in the portfolio-risk management sense) commodities that had cash prices of insignifi-
cant, contemporaneous correlation with live cattle cash prices were chosen. Cotton, sil-
ver, and copper were chosen as unrelated commodities. In addition, the interest rate for
3-5 year issue of U.S. government securities was used as a measure of the long-term
opportunity cost of capital. The choice of commodities was constrained by the existence
of trading during the sample period.

The price equations derived from theory might be summarized as linear reduced forms
such as (1)-(4). Although little may be known before estimation concerning the causal
structure of such equations, the nature of time lags in planning and production provides
a basis for temporal ordering of the variables. Following (1)—(4), in the multivariate
case, period ¢ cash and futures prices can be written as reduced form functions of “past”
prices from the production planning period t — m (e.g., P,_,,). For the case of live
cattle, the production period (m) is approximately 26 weeks. In the current application,
it is the causal organization of prices/or commodities such as A and B in (1)—(4) that is
of interest. The dynamic and causal structure of the price equations are explored through
estimation of generalized forms in which both present and past prices are lagged, e.g.,
P,_,and P,_,_,, respectively. P,_, is labelled as a lagged present variable, while P,_,,_, is
a lagged past variable.

Table 1
DEFINITION OF VARIABLES

Label Description/Market

CTC, Present cash price of live beef cattle / Omaha, Nebraska

CTF, Present futures price of live beef cattle (for contract maturing at £) / Chicago
Mercantile Exchange

HGC, Present cash price of hogs / Omaha, Nebraska

CNF, Present futures price of cotton (No. 2) (for contract maturing at or “shortly
after” ) / New York Cotton Exchange

CPF, Present futures price of copper (for contract maturing at or “shortly after” t) /
Commodity Exchange, New York

SVF, Present futures price of silver (for contract maturing at or “shortly after” r) /
Commodity Exchange, New York

CNF,_,, Past futures price of cotton (for contract maturing at or “shortly after” 7) /

New York Cotton Exchange

CTF,_, Past futures price of live beef cattle (for contract maturing at #) / Chicago
Mercantile Exchange

coc,_, Past cash price of corn / Chicago Board of Trade

SMC, Past cash price of soybean meal / Decatur, Illinois

IRC Past interest rate on U.S. Government Securities (3 to 5 year issues of
Notes and Bonds) / Federal Reserve System

—m

-m

Note that a label ending in a ‘C’ signifies a cash price and a label ending in an ‘F’ signifies a futures price.
Data for the variable /RC,_,, were obtained from several issues of the Federal Reserve Bulletin of the Board of
Govemors, The Federal Reserve System, Washington, D.C. All other price data were obtained from the Com-
modity Data base of the Center for the Study of Futures Markets, Columbia University.
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The specific variables employed are defined with acronyms in Table I. From Table I,
the prices involved in the model include those that are related either in the present period
(HGC,), or during the production period (CNF,_,,, CTF_,,, COC,_,,, SMC,_,, IRC,_,).
Further, to allow consideration of the null hypothesis, unrelated present period prices
(CNF,, CPP,, SVF,) are included.

An important prerequisite of any empirical inquiry utilizing time series data is that the
series is covariance stationary. In the absence of covariance stationarity, a relationship
cannot be established between sample estimates and the statistical characteristics of the
population stochastic process generating the sample series. The sample series of price
levels could not be inferred to be covariance stationary; however, the first difference of
the series appeared covariance stationary and was utilized in the analysis to establish co-
variance stationarity. The series of differences was constructed by taking first differ-
ences of the price levels within the closing period for each contract. In results reported
below, all price changes are characterized by the prefix ‘D’ on the price labels. For ex-
ample, DCTF, is the cattle futures price change at ¢.

As explained in the appendix, the first step in identifying the structure of the multi-
variate relationship among prices in Table 1 was the estimation of a state-space model.
Next, a unique and parsimonious ARMA model was recovered from the state-space
model. The ARMA model derived expresses each endogenous variable as a function of
predetermined variables. In Step 3, the derived ARMA model was transformed to an AR
form which provided indirect estimates that could be used for testing the null hypothe-
sis. This test was indirect since the AR form was indirectly achieved through derivation
from the ARMA model identified by state-space estimates. In Step 4, the AR form
derived in Step 3 was directly estimated to provide estimates of the parameter covari-
ance matrix of the AR form. Using these estimated covariances, a direct test of the null
hypothesis was conducted. Specifically, two alternative specifications of the AR form
were estimated in Step 4:

(1) The AR-SS specification based exactly on the AR model derived from the struc-
ture identified from the state-space model in Steps 1-3, and

(2) The AR-N specification in which the only past period prices in Table I are as-
sumed to be exogenous.

In the AR-N model, each endogenous is expressed as a function of current and lagged
values of all predetermined variables identified by the state space model; however the
lag structures identified by the state space model are not imposed as restrictions. In the
AR-SS model the lag structure is restricted according to qualitative results obtained from
the state space model. In this sense, the AR-SS model is nested by further restriction of
the AR-N model.

Consistent estimates of the AR forms of AR-SS and AR-N models were obtained. To
obtain asymptotic estimates of the coefficient covariance matrix an iterative seemingly
unrelated regression (ISUR) estimator was employed. The ISUR estimates are presented
in Table II (AR-SS) and Table III (AR-N). In most cases, convergence to reported esti-
mates occurred within 5 to 7 iterations. In Tables II and III, only the statistically signifi-
cant coefficients are reported to conserve space.

RESULTS: ESTIMATED RELATIONSHIPS AMONG PRICES OF
COMMODITIES RELATED AND UNRELATED TO U.S. LIVE BEEF CATTLE

Under the null hypothesis, futures trading can affect the formation and performance of
cash prices by expanding the information set determining a cash price to include what
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has been defined as external cash market information. An empirical implication of the
null hypothesis is that prices of what have been defined as unrelated commodities would
be found to be structurally related and exogenous to the cash and futures prices of the
commodity of interest.

The causal organization among the variables may be deduced by examining evidence
from the directly estimated AR models. The results from the two models are jointly con-
sidered in setting up the following classification of results. If a predetermined variable is
found to have a statistically significant effect in either of the two AR models, then that
finding is regarded as “weakly corroborative” of exogeneity and the nature of the im-
plied causal relationship is described as “possible.” If a predetermined variable appears
in a given equation of both AR models, there is stronger corroboration and the implied
causal relationship is termed “probable.” Results are reported in Table IV.

Evidence is reported in Table IV that does not allow rejection of the hypothesis that
futures trading establishes linkages among prices which in the absence of futures mar-
kets would not be expected. Specific results are as follows:

For the cattle futures and cash prices, evidence supports the conclusion that the
prices are simultaneously determined as suggested by evidence of mutual feedbacks
of at least four weeks.

Evidence was found that causal linkages may exist from cotton and copper futures
to cattle prices. If cotton and copper are accepted as unrelated commodities relative
to cattle, then this evidence supports the conclusion that futures trading introduced
external information into the formation of the cattle prices.

Table IV also reports that evidence was found of a linkage between soybean and
corn prices and cattle prices. If these commodities are accepted as related to cattle
through their role as feed inputs to cattle production, then this causal relation con-
firms an expected linkage among related commodities.

Evidence from estimated models of cotton, copper, and silver corroborate the con-
clusions drawn from cattle price models. Evidence was found that copper, silver, and
cattle futures are exogenous to cotton futures, that cotton and cattle futures are exoge-
nous to silver futures. Each of these linkages represents linkages with commodities
which can be interpreted as unrelated in the absence of futures trading.

For the cash hogs price, evidence of linkage with the related commodity cattle fu-
tures and with the unrelated commodity cotton futures was found.

There does not appear to be any contemporaneous relationship between the price
changes of substitute livestock commodities, i.e., between DHGC, and (DCTC,,
DCTF,). Perhaps, this can be attributed to the marked seasonality of hog production
in contrast to beef cattle production.

The interest rate series selected for this study (3-5 year rate on bills and notes) ap-
pears to be a statistically insignificant factor in the determination of the six commodity
prices. There appears to be only a weak effect of the interest rate change series,
DIRC,_,,, on the silver futures price change series, DSVF,. A more significant effect
may be discernible from another-surrogate for interest rates such as the Treasury Bond or
the Treasury Bill futures price. Unfortunately, complete data on these series were not
available for the period of study.

RESULTS: EVIDENCE OF DYNAMIC STABILITY OF CASH AND FUTURES
PRICES

Since the AR-SS model is nested within the AR-N, dynamic stability analysis is con-
ducted using only the AR-N estimates. The stability test is conducted at two levels. At
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the first level, the full system of the AR-N is analyzed. Cattle price changes are treated
as integral parts of the six equation system which would characterize prices if cross fu-
tures trading occurred. At the second level, the sub-system formed only by the two
equations for the cattle price changes is analyzed.

For both the full and sub-system, characteristic roots of the estimated parameter matrix
are estimated, following an approach proposed by Theil and Boot (1962) or Brissimis (1976).
Significance tests for the hypothesis that estimated Frobenius roots are unitary were based
on computed standard errors, see Oberhofer and Kmenta (1973), or Gantmacher (1960).
Frobenius roots for both the systems were real:

Frobenius Root Standard Error
Full System: —.9526 .000096
Sub-system: .8094 022906

Given these estimated values, the null hypothesis that prices are dynamically stable
under futures trading can be tested. ¢-Statistics of the characteristic roots were employed
leading to the following results:

t-Statistic Probability Value
Full System: 493.75 .001
Sub-system: 8.32 .01

Since the alternative hypothesis is that the true characteristic roots are less than unity in
absolute value, one-tailed tests were used. The probability values for each test suggests
that there is no statistical evidence of dynamic instability in either the full system or in
the sub-system of cattle prices.

Results indicate that the stochastic process underlying the analyzed cash and future
price series is dynamically stable, and that observed samples provide useful information
for the characterization of that process. Futures trading during the sample period 1972
1981 apparently did not introduce dynamic instability to cash prices. Importantly, this
result was found despite evidence already reviewed that futures trading may have
changed the information set reflected in prices by introducing external information. As
explained above, these results do not address static variation, nor do they provide com-
ment on changes in the extent of dynamic stability resultant from futures trading. Al-
though the role of futures trading in establishing the observed stability cannot be inferred,
evidence was not found that cash prices of cattle are dynamically unstable in the pres-
ence of futures trading.

CONCLUSIONS

The estimated models provide evidence concerning two characteristics of prices under
futures trading: (1) the role of external information in their determination and (2) their
dynamic stability. Evidence did not support the rejection of the null hypothesis that ex-
ternal information (ECMI) has statistically discernible effects on the cash and futures
price changes of cattle. Evidence was found that external information from such unre-
lated commodities as cotton and copper may be introduced to cattle prices through fu-
tures trading. The soybean meal cash price change lagged four weeks appears as a
source of FMCI in the determination of the two cattle price changes (the cash price
change of comn, interest rates, and the cash price change of hogs are not statistically re-
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lated to the two cattle price changes). There is evidence of feedback among the cash and
futures price changes of cattle which is consistent with the theoretical prediction that the
two prices are nonindependently determined.

Despite the presence of external information as a factor influencing the behavior of
cattle prices, the extent of dynamic stability of cattle prices (cash and futures) in the
presence of futures trading remains an open question and was investigated. Estimated
characteristic roots of the dynamic reduced forms are consistent with the conclusion that
the observed cattle price series were dynamically stable during the sample period. De-
spite the finding of an apparent role for external information in determining cattle prices,
these results support the conclusion that futures trading of cattle and other related com-
modities during the sample period did not lead to dynamic instability of cattle prices
during the sample period.

Appendix

THE MULTIVARIATE ARMA MODEL

Following Zellner and Palm (1974) and Wallis (1977), the multivariate ARMA model
may be written in terms of polynomials in the backward shift operator L:

$(L)z, = 6(L)w,

or in expanded form as

|A(L) B(L)HX,' - EWL) FL)| |u,
C(L) D(L)||Y, G(L) HL)| (v,
where
_ A(L) B(L) _ EWL) FWL) - X, _ |
D= lewy b= ‘G(L) HO) ‘Y,’W' vl

and X, and Y, are covariance stationary time series components of z,, , and v, are mutu-
ally orthogonal white noise disturbance components of w,, and the inverses ¢~'(L) and
07'(L) exist.

If the restrictions B(L) = F(L) = G(L) = 0 can be maintained, then the system is
causally-organized in the sense that X causes Y but Y does not cause X (“cause” in the
sense of Granger (1969)):

A(L)X, = E(L)u,, (Al(a))
CL)X, + DIL)Y, = HL)v,, (A1(b))

where (Al(a)) describes the evolution of the exogenous variables only and can be called
the Exogenous Variable Evolution Model (EVEM), and (A1(b)) is often referred to in
the literature (see Geweke (1978)) as the Complete Dynamic Simultaneous Equation
Model (CDSEM ). Given priors concerning the form of the ARMA model which allow its
representation as (A1), estimation could be accomplished and dynamic stability proper-
ties investigated.

In the absence of such priors, an approach must be adopted which allows unique iden-
tification of the empirical structure of the ARMA representation. The CDSEM is written
as a reduced form through a causality preserving transformation. The CDSEM is simply
the dynamic analog of the more familiar static simultaneous equation structural model.
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If D(L) is a nondiagonal, full-rank matrix of lag polynomials, then premultiplication
of the CDSEM by do", the inverse of the zero-lag component of D(L), and some re-
arrangement produces the dynamic reduced form system

Y, =[4L + &L, + ..., — CLX, + HL)v, (A2)

in which every endogenous variable is expressed as a function of only the predetermined
variables. This transformation, being linear, is also causality-preserving if

A*(L)=a, - aL —al*~ ... and a,’

exists. Normalized equations for the evolution of the exogenous variables can be ob-
tained from (A 1(a)) by premultiplying through by a;'. This gives

A*L)X, = E*(L)y,

where A*(L) = [ — a; 'a,L — ag'a,L* —...) and E*(L) = aj'E(L).
Now, (A2) can be re-written as

D*(L)Y, + C*(L)X, = H*L)v,

where D*(L) = [I — d*L — d¥L* — ... ]. Then, (Al(a)) and (A1(b)) with these new
interpretations will form the system
A*L) 0 ||X| IE*®) 0 || .
* * = * (A3)
C°(L) D"WL)1Y, 0 H™WL)| v,

The top half of (A3) expresses the normalized version of the EVEM and the lower half
expresses what is called here the Complete Dynamic Reduced Form Model (CDRFM).

The transformations employed in deriving (A3) are linear, implying causality from X
to Y is preserved. In parametric terms, any test of causality from X to Y does not directly
involve the reduced form lag polynomials C*(WL), D*(L), and H*(L), but instead re-
quires testing the restrictions B*(L) = F*(L) = G*(L) = 0, where B*(L) = a,”'B(L),
F*(L) = a,”'F(L), and G*(L) = d,”'G(L). Note that as long at a,”" and d,”" exist, the
equivalent test is B(L) = F(L) = G(L) = 0. Hence, the CDRFM in (A3) is an accept-
able model for an analysis of dynamic reduced form relationships among the variables of
interest, particularly .since the underlying dynamic structural model (CDSEM) may not
be identifiable from what information is available.

THE STATE SPACE APPROACH

The CDRFM in (A3) provides the basis for the following strategy. Rather than investi-
gate causality in single equation models, a multivariate ARMA model is estimated unre-
stricted by priors concerning causality. Little is knowri about the causal structure among
the variables except that all past variables are, by definition, exogenous with respect to
all present variables. Estimation of the state space model is pursued because it does not
depend on precise prior knowledge of this causal structure. The causal organization of
the variables is then inferred from the structure of the estimated parameter matrices. The
resulting model, written in the form of (A3) is interpreted as the CDRFM. The choice of
this approach follows from the fact that ARMA representations are not uniquely identi-
fiable using traditional time series methods.

Akaike (1974 and 1976) proposed an indirect identification method that allows the
identification of unique and parsimonious (also called canonical) ARMA models. This
method relies on the one-to-one correspondence that exists between canonical forms of
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state space models and canonical forms of their ARMA counterparts. The state space
model can be written as

X4 = Fx, + Ge,,, (A4(a))
X, = Hx, (A4(b))
where

F is a transition matrix establishing the one-period relationship between the state vec-
tors x, and x,,, (that contain predictors for the variables of interest),

G is an input matrix containing the additive input of the innovation vector e,,, (as-
sumed to be white noise), and

H is an observation matrix relating the state vector x, to the vector of current variables X,.

Akaike (1976) proposed the following procedure. First, identify the canonical forms
of the state vectors x, and x,,, by use of the method of canonical correlations and an in-
formation criterion such as the Akaike Information Criterion, AIC. Next, given the ca-
nonical state vectors, use a maximum likelihood routine to estimate the parameters in
matrices F and G. Finally, recover ARMA parameter estimates from the state space pa-
rameter estimates. This means that the state space model of (A4(a)) and (A4(b)) yields
the general multivariatt ARMA model for the covariance stationary variable vector z,,
where the parameters in the lag polynomial matrices ¢(L) and 6(L) are recovered from
the estimated state space parameter matrices F and G.

AN INDIRECT CDRFM APPROACH
The CDRFM model (A3) may be re-written in the so-called autoregressive (AR) form:

by, = Cw)x, + v, (AS)

provided that H*"'(L) exists and v, is white noise. Here D(LA) = H* (L)D*(L),
ClLy=H*'IL YC*(L). As a practical matter, D(L) and C(L) can be obtained from
D*(L), C*(L), and H*(L) which, in turn are solved out from the ARMA lag polynomial
matrices ¢(L) and 6(L).

Although the state space approach allows consideration of causal structure through
derivation of parameters of a uniquely identified ARMA model, the nonlinearity and
complexity of transformations involved do not currently allow recovery of estimates of
standard errors of the identified ARMA representation. This constraint limits the present
usefulness of the state space results to qualitative inference based on overall fit of the
state space model, and quantitative magnitude, rather than statistical significance, of the
derived parameters of the ARMA form. An extension of this approach would be to utilize
causal structure inferred from the state space model as a prior for specification of AR
representation as in (A5) of the CDRFM (A3). Direct estimation of this form will pro-
vide a basis for statistical inference concerning causal structure.

IDENTIFICATION OF A UNIQUE ARMA REPRESENTATION
The state model of the type of (A4(a)) and (A4(b)) was estimated for a 11 X 1 vector of
current variables, X,, containing each of the prices in Table 1. This identification step
yields a state vector which is then used to obtain maximum likelihood estimates of the
state space model. The state vector x, (here, of size 21) was identified by use of canoni-
cal correlations analysis and the Akaike Information Criterion (AIC). The estimated
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state space model was based on this state vector. Conventional ¢-statistics were used to
determine the statistical significance of the estimated coefficients in matrices F and G.
Insignificant coefficients were then restricted to zero and the state space model re-
estimated.

Coefficient values as derived from the estimated state space model are not reported
here to conserve space. A test of the null hypothesis discussed above can be conducted
by determining whether or not the present period variables measuring related and unre-
lated commodity prices are jointly endogenous. However, the parameters of the state
space identified ARMA model involve nonlinear transformations of the coefficients of
the state space model. Convenient estimates of the covariance of derived ARMA coeffi-
cients are not available. Instead the magnitudes of estimated ARMA coefficients and
their conditionality on the overall fit of the state space model are used to evaluate the
significance of relationships in the derived ARMA model.

RESTRICTED CDRFM REPRESENTATIONS USED IN HYPOTHESIS
TESTING
With the restriction G*(L) = 0 applied to the ARMA model as derived from the esti-
mated state space model, the general form of the CDRFM is given by (AS). However,
(A5) can be expressed as

W), =v,, (A6)
where
1€y o _ ’xll
W(L) ‘ 0 D) and z, ik

Thus, the CDREM restricted by G*(L) = 0 is clearly a multivariate AR if v, is white
noise (which it is, by assumption). The usefulness of the AR form is two-fold. First, at-
tention is focused exclusively on just one matrix of lag polynomials, such as W(L) in
(A6), leaving the right-hand-side to be simply a contemporaneous white noise term not
attached to any matrix of coefficients. Second, derivation of C(L) and D(L) in (AS) is
derived from the state space model and provides at least a qualitative impression of the
relationships among the variables in the CDRFM. This enables direct specification, esti-
mation, and testing of alternative specifications of this AR form of the CDRFM, some-
thing that is not possible with the CDRFM derived from the state space model.

Models AR-SS and AR-N estimated in Step 4 may be illustrated with (A6). In particu-
lar, because W(L) represents an AR form of a CDRFM, not a CDSEM, it omits all past
variables, e.g., X,_,,. By adding these past variables to the suggested form of the
CDRFM, a model (AR-SS) which fully reflects a specification suggested by the state
space model is derived. Alternatively, for AR-N W(L) is unrestricted by any prior infor-
mation as to the lag structures in the reduced form equations.

For the investigation of dynamic stability, the characteristic roots of the polynomial
matrix D(L) in (A6) are estimated. Direct calculation of the characteristic roots of esti-
mates of D(L) and D*(L) for the sub-system of cattle price equations is intractable since
the elements of each matrix are coefficient polynomials in the lag operator L. When ac-
count is taken of the four lags of every endogenous variable that appears, the matrices
D(L) and D%(L) become 6 X 24 and 2 X 8 in dimension. These matrices are padded
with identities to produce square expanded matrices used in the stability analysis. Be-
cause the matrices can not in general be expected to be symmetric, all roots may not be
real, in fact many were complex.
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