
HOW RELIABLE ARE HOG FUTURES AS FORECASTS?
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The Chicago Mercantile Exchange hog futures contract was revamped in 1997 and it is one of the
largest futures markets for a nonstorable commodity. The literature is divided on whether or not
futures prices for nonstorables provide reliable forecasts of cash prices. We find that from 1998 to
2004, the hog futures market was an unbiased predictor of cash prices.
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Assuming markets are efficient, it does not
seem possible to judge, based purely on con-
ceptual models, whether markets for livestock
are more likely to provide more- or less ac-
curate forecasts than those for grain markets.
This question must be answered empirically.

-Tomek 1997, p. 42.

For storable commodities like corn, the fu-
tures market is viewed as a reliable indica-
tor of how forthcoming cash prices will un-
fold. However, for nonstorable commodities
like hogs, the “forecast power” of futures mar-
kets is thought to be low, notwithstanding
the above quote from Tomek (Skadberg and
Futrell 1966; Kamara 1982; Garbade and Sil-
ber 1983; Purcell and Hudson 1985; French
1986). The storage activity links futures and
cash prices through the cost of carry, but if in-
ventories do not play a role, as in the case of a
nonstorable commodity, then the link between
futures and cash prices is broken. Stylized the-
oretical commodity models predict that the
forecasting performance of nonstorable fu-
tures prices, measured by a regression R2, is
zero (Williams 2001).

The Chicago Mercantile Exchange (CME)
lean hog futures market is a major nonstorable
commodity futures market. A recent study by
Boessen et al. (2004) indicates that a large frac-
tion of the U.S. hog industry uses the hog fu-
tures market for hedging purposes and that
the futures market is central to the hog in-
dustry. The U.S. hog industry has undergone
dramatic changes in its size, ownership struc-
ture, and the way in which prices are discov-
ered, creating new challenges for industry par-
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ticipants (Lawrence, Schroeder, and Hayenga
2001). Since the early 1980s, there has been an
accelerating trend toward consolidation and
vertical coordination in hog production and
processing (Barkema, Drabenstott, and No-
vack 2001). The industry now comprises fewer
and larger producers, with production and pro-
cessing vertically integrated through contracts
designed to mitigate risk and facilitate opti-
mal capacity utilization (Haley 2004). Given
the evolution in the structure of the U.S. hog
industry, the CME futures market has taken
an even more prominent role. For instance, co-
ordinated production by large and more spe-
cialized producers has led to increasing use of
long-term contracts, with the price tied to CME
futures. A recent study found that the share
of hogs sold to processors under contract was
about 80% in 2001, up from about 65% in 1999
(Barkema, Drabenstott, and Novack 2001).

In general, agricultural producers, proces-
sors, and other industry participants look to
futures prices to form price expectations and
to aid in decision making (Gardner 1976;
Holthausen 1979; Schroeder and Goodwin
1991). If the futures forecast power is low, then
decision making based on such forecasts will
be adversely affected. The forecasting perfor-
mance of hog futures and the ability of the fu-
tures market to provide producers and other
industry participants with appropriate price
signals is therefore a key issue in the industry.

Despite several attempts in the literature to
study whether hog futures prices are an un-
biased and accurate forecast of cash prices,
the empirical evidence remains unclear and
somewhat confusing. And to some extent, past
studies are outdated given the consolidation
in the industry and the restructuring of the
hog futures contract (Barkema, Drabenstott,
and Novack 2001). For instance, the most re-
cent study on this issue by Yang, Bessler, and
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Leatham (2001) using data from 1996 to 1998
found that hog futures prices were not the pri-
mary informational source for cash prices for
the 1992 to 1996 time period. However, for
the 1996 to 1998 time period, Yang, Bessler,
and Leatham found that the futures market
was an important informational source for the
cash market. The Yang, Bessler, and Leatham
findings for the 1996 to 1998 time period are
consistent with an earlier study by Fama and
French (1987) who used data prior to the early
1980s. Schroeder and Dhuyvetter (1999), using
data from 1975 to 1998, found that hog futures
prices thirty-six weeks prior to contract expi-
ration provided an unbiased forecast but the
forecasting performance, measured by the R2

of the forecast regression, was low (0.12).
Given the discrepancy in the literature as to

whether the CME hog futures price is unbi-
ased or accurate as a cash price forecast and
the extent to which the forecast power may
have changed over time, this article seeks to
further explore the issue. A reexamination of
this question is especially opportune in light
of a recent structural change in the hog fu-
tures market. Beginning in 1997, the lean hog
futures contract replaced the live hog futures
contract at the CME. Unlike the previous con-
tract, the new lean hog contract is cash set-
tled based on a U.S. Department of Agricul-
ture (USDA)-computed daily price index and
does not include terminal market prices, re-
flecting the rise of both horizontal and vertical
integration in the hog industry. The price in-
dex is a weighted average of the price paid by
packers to hog producers.

The new futures contract more accurately
represents the industry’s move toward carcass-
based pricing where the price of hogs is related
to lean meat content rather than live weight
(Ditsch and Leuthold 1996). These changes
have important implications for the properties
of the hogs futures market including its effec-
tiveness as a price discovery instrument. One
such difference has been noted by Ditsch and
Leuthold (1996) who argued that the lean hog
futures should perform significantly better as a
hedging instrument compared to the previous
live hog futures contract.

In this article we examine the forecasting
ability of the CME lean hog futures market
by examining the following four fundamen-
tal questions1 (a) do futures prices share a

1 The literature on futures prices as forecasts is closely related
to the literature on the efficient market hypotheses. Forecasting
performance relates to the question of how well a market uses

long-term equilibrium relationship with cash
prices? (b) are futures prices an unbiased
forecast of cash prices? (c) are futures prices
the primary informational source of price
discovery—that is, do futures prices lead cash
prices in the short and long run? and (d) do
futures prices aggregate public information
rapidly so there are no profit opportunities
available from incorporating information be-
yond what is contained in futures prices?

Our primary empirical method utilizes an
error-correction cointegration framework and
formal hypothesis tests to quantify the tem-
poral links between hog futures and cash
prices. Using a similar approach, Bessler and
Covey (1991) studied U.S. cattle markets and
found weak evidence of cointegration between
cash and nearby futures prices. Schroeder
and Goodwin (1991) failed to find cointegra-
tion between cash and futures prices for U.S.
live hogs. In contrast, Fortenbery and Zapata
(1993) examined markets for storable com-
modities (corn and soybeans) and found evi-
dence of cointegration in some crop years.

The rest of the article is organized as follows:
the second section provides an overview sum-
mary of the lean hog futures market and briefly
outlines the structural changes that have oc-
curred in the hog market over the past two
decades. The third section details our meth-
ods and testable hypotheses. The fourth sec-
tion discusses the results and the final section
concludes.

Lean Hog Futures

The CME lean hog futures contract shares all
the common characteristics of a nonstorable
commodity futures contract. Each hog con-
tract is based on 40,000 pounds of lean hog
carcasses, the quantity of meat produced from
slightly more than 200 hogs. In addition to the
futures contracts, options on lean hog futures
are also traded on the Chicago Mercantile
Exchange (CME).

The CME’s hog futures contract is based on
a lean weight because most finished hogs are

current information to determine prices (Tomek 1997). A futures
market is termed (weak form) efficient if the current futures price
fully reflects all available information in past prices (Fama 1970). In
an efficient commodity market, the futures price will be an optimal
forecast of the future cash price. Therefore, in its simplest form,
the efficient market hypothesis is a test that the futures price is
an unbiased predictor of the forthcoming spot price (Taylor 1995).
The notion that the futures price is an optimal forecast of the spot
price is therefore an implication of the efficient market hypothesis.
Thus, many articles on forecasting performance of futures markets
have implicitly focused on evaluating the weak form efficiency of
futures markets (Tomek 1997; Tomek and Gray 1970; Kofi 1973).
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sold based on carcass weight, not live weight.
So the lean weight contract is a postslaugh-
ter price. This means that the futures contract
price can be multiplied by about 0.74 to in-
fer the equivalent live hog price per hundred-
weight. 0.74 is an approximation of the live hog
weight to the lean carcass weight (i.e., a 250–
265 pound live hog yields a dressed carcass of
approximately 185–195 pounds).

Trading in lean hog futures takes place
for eight different contract months: February,
April, May, June, July, August, October, and
December.2 Each hog futures contract expires
on the tenth business day of the contract (i.e.,
maturity) month. Any contract open at time
of expiry is cash settled at the CME Lean Hog
Index (what is often referred to as the “CME
cash price”).3

The CME Lean Hog Index (CME cash
price) is based on a sample of cash and formula
price transactions at packinghouses, and is a
two-day weighted average of these prices. The
prices are provided by cooperating packers
located within the Mid-South, Eastern Corn
Belt, and Western Corn Belt areas, as reported
by the USDA.4 In the hog futures market there
is a daily price move limit of two cents per
pound above or below the previous day’s set-
tlement price, with no limits in the delivery
month during the last two days of trading.

In 2005, the annual volume of trading in lean
hog futures on the CME exceeded four mil-
lion contracts. This is equivalent to 80 billion
pounds of lean hogs, or about eight times the
annual production of pork in the United States.
The volume of trading in CME lean hog futures
surged in the past few years and has doubled
since the contract was revamped in 1997.

The supply of hogs slaughtered in any given
week or month depends on decisions made by
hog producers several months earlier. Sows are
generally bred twice per year. From the time
a hog producer decides whether to breed sows
and gilts it takes about ten months to get pigs to
market. This includes time for breeding, gesta-
tion, and feeding to finish. The gestation period
is three and a half months and the time from
birth to slaughter is about six months. Hogs are

2 The May contract for lean hog futures is fairly new. This ma-
turity month was not included in the analysis because the May
contract did not trade for the entire period of study, 1998-2004.
May futures trading only started in 2001 for 2002 delivery. More-
over, the trading volume of this contract is relatively thin compared
to the other contracts.

3 The CME also trades futures and options contracts on frozen
pork bellies (i.e., bacon) and the contract size is 40,000 pounds. The
contract for frozen pork bellies is physically deliverable.

4 See http://www.cme.com/trading/prd/ag/lhindex3423.html

slaughtered when they weigh 250–265 pounds,
producing a dressed carcass weight of around
185–195 pounds.

So biology dictates that there is limited
scope for the hog farmer to affect the timing
of when his product is brought to market. The
supply of slaughter hogs in any given week
was determined at least ten months previous
and is perfectly inelastic with respect to the
market price of slaughter hogs that week.5 For
this reason the forecast power of the futures
market is particularly important in the hog in-
dustry. Hogs are sold for slaughter within a
rather narrow weight and age span. Once they
reach market weight, producers cannot easily
hold these animals back from the market. Be-
cause hogs are a nonstorable commodity, the
cash price is determined by current supply and
demand.

Methods

A basic model for evaluating the forecasting
ability of futures markets focuses primarily on
the unbiasedness property of futures prices.
The most common form of this test is a sim-
ple regression model of the equilibrium rela-
tionship between futures and cash prices (Big-
man, Goldfarb, and Schechtman 1983; Martin
and Garcia 1981; Tomek and Gray 1970; Kofi
1973):

Ct = �0 + �1 Ft−i + �t(1)

where Ct is the cash price at time t when the fu-
tures contract matures, Ft−i is the futures price
quotation for contract t, i months before ma-
turity, and �t is an error term. Futures markets
are considered efficient if the futures price is
an unbiased forecast of the forthcoming cash
price, that is, if �0 and �1 are estimated to be
zero and unity, respectively. The R2 from equa-
tion (1) is the percentage of variation in the
cash price explained by the futures price and
is an indication of forecast power.

Using this approach, most studies have
found evidence supporting the notion that
nonstorable livestock futures produce bi-
ased forecasts of cash prices (Leuthold 1974;
Leuthold and Hartman 1979). However, de-
spite its intuitive appeal, this simple regres-
sion approach is considered inappropriate and
hypotheses tests such as t- and F- tests are
invalid if cash and futures price series are

5 The time-lag issue and the short-run inelasticity of supply are
emphasized by Bullock (2003).
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nonstationary (Elam and Dixon 1988; Brenner
and Kroner 1995).

With nonstationary prices, cointegration
theory (Engle and Granger 1987; Johansen
1988; 1991) provides a more comprehensive
approach by taking into account both the
long- and the short-run behavior of futures
and cash prices. A convenient representation
of cointegrated behavior that separates out
the short-term adjustment component and the
long-term equilibrium component is the error-
correction model (ECM) (Johansen, 1988;
Hendry, 1995).6

Using cointegration theory the ECM for hog
cash and futures price series can be written as:

�Pt = �0 + �1t +
p−1∑

i=1

A∗
i �Pt−i

+ �(�′ Pt−1 + �0 + �1t) + et .

(2)

In equation 2, � is a difference operator, Pt
is a 2 × 1 vector of dependent variables (cash
and futures prices), and �0 and �1 are 2 × 1
vectors of coefficients for intercept and linear
time-trend terms, in differenced cash and fu-
tures prices. Each A∗

i represents a 2 × 2 matrix
of coefficients on lagged differenced cash and
futures prices. Cointegration relations are rep-
resented by the 2 × r matrices, � and �, where r
denotes the number of cointegrating relations
in the system. Coefficients of intercept and lin-
ear time-trend terms in the levels of cash and
futures prices are represented by the 2 × 1 vec-
tors, �0 and �1. Finally, et denotes a 2 × 1 vec-
tor of mutually orthogonal random price dis-
turbances, assumed to be serially uncorrelated
with zero mean and constant variance.

The short-run dynamics of the system are
governed by the matrix of lagged coeffi-
cients, A∗

i . The coefficients in � and � (error-
correction terms) represent the long-run
components of the model. Given that cash
and futures prices have a long-run relationship,
� contains the cointegrating vectors or long-
run equilibria of the cash and futures prices,
and � contains the error-correction coefficients
that determine the speed of adjustment toward
long-run equilibrium following a short-run de-

6 Several articles have used cointegration analysis to model com-
modity prices. These studies include Baille and Myers 1991; Bessler
and Covey 1991; Schroeder and Goodwin 1991; Fortenbery and Za-
pata 1993, 1997; Covey and Bessler 1995; Zapata and Fortenbery
1996; Sabuhoro and Larue 1997; Quan 1992 and Schwartz and Sza-
kmary, 1994. According to these studies, there is substantive evi-
dence of cointegration between cash and futures prices for storable
commodities. However, for nonstorable commodities there is little
or no evidence of cointegration between cash and futures prices.

viation. The closer the coefficients of � are to
zero, the longer it takes for the series to revert
to their long-run trend after a shock.

Our primary objective here is to estimate the
equilibrium relationship specified in equation
1 within the ECM framework of equation 2.
The specification includes a constant term in
the equilibrium relationship. We, therefore, in-
clude a constant term (�0) in the cointegration
relationship in all estimations of the ECM. In
addition, the general form of equation 2 al-
lows us to include a linear trend in the equilib-
rium relationship, through restrictions on the
parameters �1, �0, and �1 (Hendry 1995).

The error-correction specification is esti-
mated using the method of Johansen (1990),
which involves simultaneous estimation of the
ECM and the cointegrating relationship by
maximum likelihood methods. The Johansen
method also allows hypothesis testing on the
coefficients of � and � through the use of like-
lihood ratio tests (Johansen and Juselius 1990).

Using the ECM specification, the efficiency
of futures prices as forecasts can be evaluated
using four testable hypotheses. The first hy-
pothesis (cointegration hypothesis) is whether
cash and futures prices share a long-run rela-
tionship, that is, whether they are cointegrated
(Beck 1994; Fortenbery and Zapata 1997; Lai
and Lai 1991; Antoniou and Foster 1994). In-
tuitively, if the price series are not cointegrated
they will drift apart in the long run and this re-
sult would be inconsistent with the notion that
futures prices can predict cash prices.

Cointegration implies reduced rank restric-
tions on the error-correction term; if the two
series are cointegrated, then rank(��′) = r <
n, where n is the number of price series be-
ing modeled (Johansen 1988).7 The Johansen
cointegration test exploits this property. Coin-
tegration can be tested by checking the rank
of the long-run matrix, that is, by determining
rank (��′) = r, r = 0, r = 1, . . . , r = n.

We use Johansen’s (1992) sequential likeli-
hood ratio test procedure to determine if in-
cluding a trend term in the cointegration rela-
tionship is appropriate. The approach jointly
considers the determination of the number
of cointegration relations, r, in the system as
well as the trend specification to be used. For

7 In equation 2, if the two price series (P) are each nonstationary
and I(1), and �P is stationary, then ��′Pt−1 has to be I(0). This
implies a rank condition on the matrix ��′. To determine the num-
ber of cointegrating relations we proceed sequentially from r = 0
to r = k − 1 until we fail to reject the null hypotheses. A zero rank
implies no cointegration, and a rank of one implies that the two
variables are cointegrated.
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instance, consider the following hypotheses re-
garding the number of cointegrating relations
in the system: r = 0 , r = 1, . . . r = n. Johansen’s
sequential approach requires testing each of
the n hypotheses regarding the number of coin-
tegration relationships sequentially using both
the restricted model (without trend) and the
unrestricted model (with trend), starting with
the restricted model. At the first instance in
which we fail to reject the null hypothesis, we
stop testing and accept the number of cointe-
grating relations suggested by the test as well
as the trend specification used in the test.

A second necessary condition for the effi-
ciency of futures forecasts is that futures prices
should be unbiased forecasts of cash prices.
This condition can be examined by evaluat-
ing the coefficients of the long-run matrix, �. If
the price series are cointegrated, futures prices
are unbiased forecasts of forthcoming cash
prices only if there exist coefficients such that
Ct − � − �Ft−i = � i is a stationary process. If
this restriction is not rejected, then there is ev-
idence supporting the hypothesis that in the
long run the equilibrium cash price is equal to
the futures price and a constant. Thus, our sec-
ond hypotheses test of whether futures prices
are unbiased forecasts is whether �′ = (1, −1).

The above tests will measure the long-run
relationship between cash and futures prices.
However, they do not identify which series
leads the relationship and which follows. For
futures prices to be efficient and accurate pre-
dictors of cash prices, it is necessary that fu-
tures prices lead cash prices in the long run. To
test this property, we turn to the statistical con-
cept of weak exogeneity. A series is regarded
as weakly exogenous if it leads other series in
the long run without being influenced by other
series. The weakly exogenous series, therefore,
can be used as a predictor or explanatory vari-
able for explaining variations in the “nonex-
ogenous” series (Zapata and Rambaldi 1997;
Yang, Bessler, Leatham 2001). Using this sta-
tistical concept, our third hypothesis is that fu-
tures prices are weakly exogenous with respect
to cash prices (weak exogeneity hypothesis).
We test the hypothesis by examining the error-
correction coefficients, �. If one of the series
has a zero error-correction coefficient (that is,
its corresponding element in � is zero) the se-
ries is regarded as weakly exogenous and as
the leader of the equilibrium relationship.

However, short-run inefficiencies may be
present if lagged cash and futures prices
(through the parameters A∗

i ) help explain
movements in the cash price (Fackler and

Goodwin 1999). To correctly determine if fu-
tures prices lead cash prices we must account
for lags in cash and futures prices. This means
that taken together, our third hypothesis test
of interest (short-run efficiency hypothesis) is
to evaluate if A∗

i = 0 for each series j.
The final requirement for the efficiency of

hog futures prices is that all information is ag-
gregated into futures prices and there is no
leftover information. This proposition implies
that there is no serial correlation in the residu-
als of the ECM. Serial correlation signals that
futures prices do not aggregate all informa-
tion as quickly as possible and forecasting per-
formance could therefore be improved by in-
corporating the information in the residuals
(Hansen and Hodrick 1980; Bilson 1981; Liu
and Madalla 1992).

Results

We begin with a descriptive analysis of the re-
lationship implied by equation 1 using data on
futures and cash prices for the 1998 to 2004
time period. The cash prices used are the CME
cash price indexes for the first day of the rele-
vant maturity month, obtained from the CME.
The futures prices are for the maturity months
of February, April, June, July, August, Octo-
ber, and December each year, obtained from
the Commodity Research Bureau in Chicago.8
For the forecast of the cash price we use the
closing futures price on the first business day
in the lagged month.

Figures 1 through 4 show lean hog futures
prices as a forecast of maturity month cash
prices. The futures maturity month actual cash
price (Ct) is plotted as a solid circle in each
figure. For each cash price, the earlier futures
market forecast (Ft−i) of that price is plotted
as a hollow circle, directly above or below the
solid circle representing the cash price. The
figures displays futures market forecasts two,
four, six, and ten months prior to the realized
cash price.

Visual inspection of these four figures indi-
cates that hog futures prices are a reasonable
forecast of maturity month cash prices for two-,
four-, and six-month lagged futures prices. For
figures 1 through 3, the vertical gap between
the forecast and the realized cash price is rela-
tively small. The average size of the gap widens
as we move from figure 1 through to figure 4.
For the two-month ahead forecast, the average

8 See www.crbtrader.com
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Figure 1. Lean hogs: Maturity month cash price and two-month lagged futures price, 1998–2004

Figure 2. Lean hogs: Maturity month cash price and four-month lagged futures price, 1998–2004

Figure 3. Lean hogs: Maturity month cash price and six-month lagged futures price, 1998–2004
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Figure 4. Lean hogs: Maturity month cash price and ten-month lagged futures price, 1998–2004

of the absolute value of the forecast error was
$5.42/cwt. The average forecast error (in abso-
lute value) increased to $6.32, $8.05, and $9.91
for the four-, six-, and ten-month ahead fore-
casts. This simple descriptive statistic suggests
that hog futures prices approximate the forth-
coming cash price quite well, although the ac-
curacy of forecasts declines for more distant
prices because less information is aggregated
by distant prices.

A stronger sense of the forecast power of
hog futures prices can be obtained by more for-
mally testing the unbiasedness of futures prices
using the framework in equation (1) and as-
suming both price series are stationary. As in-
dicated earlier, if futures prices are unbiased
forecasts of cash prices then the estimated val-
ues for �0 and �1 should be zero and unity. In
table 1 (columns 1 to 4) the estimated slope
coefficients lie close to the value of unity while
the intercepts in most models are statistically
insignificant. We test these hypotheses using
individual and joint F-tests and find that for
the two-, four-, and six-month futures forecast-
ing models, the regression slope coefficients
are not statistically different from one, and the
intercept estimates are not statistically differ-
ent from zero (table 1, columns 1 to 4, bottom
panel). So the hog futures market provides a
good forecast of cash prices six months out.
However, for forecasts ten months away, the
regression slope coefficient is different from
one and the intercept is different from zero—
suggesting that future forecasts ten months out
are biased (downward).

The R2 for the two-, four-, six-, and ten-
month ahead forecasts are 0.70, 0.56, 0.28, and
0.03 (table 1, bottom panel). This indicates that
the forecast power declines the more distant
the forecast (as we would expect), but even
the six-month ahead forecast has reasonably
good explanatory power. However, the fore-
cast power breaks down if we ask the futures
market to forecast cash prices ten months out.9

For comparison purposes we performed
similar tests of forecasting power using cash
prices instead of futures prices as forecasts
(table 1, columns 5 to 8). The forecasts of cur-
rent cash prices generated from the lagged cash
prices are strikingly inferior to the forecasts us-
ing lagged futures prices. Current cash prices
for hogs are biased forecasts of forthcoming
cash prices (i.e., �1 �= 1). The R2 of the cash
forecast model even two months out is quite
low. A formal test of the forecasting perfor-
mance of the two alternative forecasting mod-
els using the Diebold-Mariano mean squared
error (MSE) test confirms that futures prices
provide much better forecasts than cash prices
(table 1, bottom panel).10

9 For each of the four forecasting models in Table 1, additional
specifications using a dummy variable to represent falling and ris-
ing price regimes were estimated. The results are not reported
here, but they were qualitatively equivalent to the results shown in
Table 1.

10 Given the actual series of realized cash prices we calculate a
measure of predictive accuracy of the two alternative models, using
a mean squared error (MSE) criterion. The MSE criterion also
allows a formal test of the null hypothesis of equal accuracy of cash
and futures prices in forecasting forthcoming cash prices. For each
of the four models the MSE criterion and corresponding tests of
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Table 1. Forecasting Models of Cash Prices Using Futures Prices
Futures Price model: Ct = �0 + �1 Ft−i + �t Cash Price Model: Ct = �0 + �1Ct−i + �t

(2 months) (4 months) (6 months) (10 months) (2 months) (4 months) (6 months) (10 months)

�0 −2.61 −9.48 1.51 35.36 21.55 44.06 47.55 55.70
(5.79) (8.69) (12.97) (18.97)∗ (7.43)∗∗ (10.10)∗∗∗ (8.42)∗∗∗ (8.77)∗∗∗

�1 1.03 1.16 0.984 0.38 0.63 0.23 0.193 −0.49
(0.09)∗∗∗ (0.15)∗∗∗ (0.22)∗∗∗ (0.33) (0.12)∗∗∗ (0.17) (0.15) (0.16)∗∗

R2 0.70 0.56 0.28 0.03 0.34 0.24 0.05 0.00
Hypotheses (F) Tests
H0: �1 = 1 Fail to reject Fail to reject Fail to reject Reject Reject Reject Reject Reject
H0: �0 = 0 Fail to reject Fail to reject Fail to reject Reject Reject Reject Reject Reject
H0: �0 = 0, �1 = 1 Fail to reject Fail to reject Fail to reject Fail to reject Reject Reject Reject Reject
Diebold-Mariano Test
H0 : MSEF = MSEC 2.09∗∗∗ 2.08∗∗∗ 2.34∗∗∗ 1.18

Note: Standard errors are reported in parentheses. Asterisk (∗), double asterisk (∗∗), and triple asterisk (∗∗∗) denote significance at 10%, 5%, and 1%,
respectively. The null hypothesis for the Diebold test is H0: MSE of futures forecast ≤MSE of the cash forecast. F-tests for the latter test are conducted at
significance levels of 10% or less.

Table 2. Tests for Unit Roots in Hog Cash and Futures Price Series

Test Test Statistic

Deterministic Terms Transformation Cash Price Futures Price

ADF Constant Levels −2.48 −2.49
Differenced −14.83∗∗ −19.80∗∗

Constant and time-trend Levels −2.99 −3.02
Differenced −14.83∗∗ −19.80∗∗

Phillips-Perron Constant Levels −2.39 −2.51
Differenced 14.52∗∗ −42.60∗∗

Constant and time-trend Levels −2.91 −3.06
Differenced −14.53∗∗ −42.63∗∗

Note: Table entries are Augmented Dickey-Fuller and Phillips-Perron test statistics. Asterisk (∗) and double asterisk (∗∗) denote variables significant at 5%
and 1%, respectively.

To evaluate the validity of the results in
table 1, we examine the nonstationarity prop-
erties of the data. We test the null hypoth-
esis of stationary using Augmented Dickey
Fuller (ADF) and Phillips Perron tests. The re-
sults of our stationarity tests indicate that both
price series in levels contain unit roots but the
first difference of each variable is stationary
(table 2). This is true across both models—
with and without a trend. Since the tests dif-
fer in the manner in which they account for
serial correlation in the data (the Phillips Per-
ron test uses Newey-West standard errors to
account for serial correlation while the aug-
mented Dickey-Fuller test uses additional lags
of the first-difference variable) the use of both
methods provides a more robust result. Based
on the results in table 2 we conclude that each
price series is integrated of order one and its
first difference is stationary.

Given that the data are nonstationary, we
now analyze the efficiency of hog futures
within a cointegration framework. Specifically,
we test the four hypotheses stated above. Fol-

statistical significance shows that futures forecasts are significantly
better than cash forecasts.

lowing our empirical approach outlined in the
previous section we estimate an ECM both
with and without a linear trend in the price se-
ries and test for the presence of cointegration
between cash and futures prices. In all cases
we include a constant term in the ECM spec-
ification to be consistent with the equilibrium
model in equation 1. The Akaike Information
and Final Prediction error criteria were used
to determine the optimal order of lags (eight
lags for each series). The Trace statistics indi-
cate that for both the with-trend and without-
trend specification we can reject the null hy-
pothesis of no cointegrating vector (r = 0) in
favor of one cointegrating vector (r = 1) at
the 5% level of significance (table 3). Further,
under sequential testing, the first rejection fail-
ure occurs while using the model without trend
and, thus, we accept the model without trend
as appropriate.11 Taken together, the Johansen
procedure strongly supports the existence of
cointegration and we conclude that there is

11 We also used the sequential procedure to evaluate if other com-
binations of the trend specification (as shown in Osterwald-Lenum
1992), were appropriate. The results of these tests did not alter our
current choice of specification.
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Table 3. Test for Cointegration Between Hog Cash and Futures Prices

H0: rank (��′) = r Trace test statistic 5 % Critical Value

Model without trend r = 0 48.97 19.96
r = 1 6.79∗ 9.24

Model with trend r = 0 53.33 25.32
r = 1 10.58∗ 12.25

Note: Critical values are from Osterwald-Lenum (1992). Asterisk (∗) indicates failure to reject a null hypothesis. The value of r reported is
the number of cointegrating relations identified by Johansen’s Trace test procedure.

Table 4. Estimated Cointegrating Vectors and
Adjustment Coefficients for Hog Futures and
Cash Price ECM

ECM

Cointegrating Vector (�)
�Cash 1
�Futures −1.105

(0.066)∗∗

Constant 6.458
(3.861)

Adjustment coefficient (�)
�Cash −0.0130

(0.002)∗∗

�Futures −0.0015
(0.006)

Note: Standard errors are shown in parentheses for parameters. Asterisk (∗)
and double asterisk (∗∗) denote variables significant at 5% and 1%, respec-
tively.

a long-run relationship between hog futures
and cash prices.

The normalized cointegrating vectors and
speed of adjustment toward equilibrium are re-
ported in table 4. The cointegrating coefficient
on the futures price series is estimated to be
close to 1 and significantly different from zero
in both specifications of the ECM model, sug-
gesting that futures prices are unbiased. Note
that the Johansen method imposes a normal-
ization on one of the series; here the normaliza-
tion is on the cash series. The adjustment coeffi-
cients for futures and cash prices are estimated
as −0.001 and −0.01, respectively. These mag-
nitudes imply that the burden of price adjust-
ment following a short-run shock to equilib-
rium falls primarily on the cash market. When
futures prices are relatively high, the cash price
adjusts so that the two converge in the long run.
The small magnitude of the coefficient sug-
gests, however, that the process of adjustment
is slow.

Given the existence of cointegration be-
tween futures and cash prices, formal testing
of the unbiasedness hypotheses was conducted
using a Likelihood ratio test of the restriction

�′ = (1, −1). The test statistic, which follows
a � 2 distribution, fails to reject the null hy-
potheses of unbiasedness of futures forecasts
(table 5). This result suggests that hog futures
prices are the most accurate forecasts of ex-
pected forthcoming cash prices, and market
participants can rely on the futures price to ac-
curately predict the cash price over long fore-
casting horizons.

We test the weak exogeneity hypotheses us-
ing the likelihood ratio test with a � 2 dis-
tributed test statistic (Johansen 1991). We con-
duct several versions of the test on each price
series by combining the weak exogeneity test
with the unbiasedness test for both ECM mod-
els. The null hypothesis that cash prices are
weakly exogenous for the long-run equilib-
rium relationship is strongly rejected, at the
1% level (table 5). Weak exogeneity is not re-
jected for the futures price series, indicating
that futures prices are not affected by short-
run interruptions of equilibrium. Rather, it is
cash prices that adjust to bring back the market
equilibrium. If there is a large positive depar-
ture from the long-run equilibrium between
hog futures and cash prices in the current pe-
riod, it is corrected in the next period by an ad-
justment in the cash market. In contrast, cash
prices do not affect futures prices. This finding
is consistent with an efficient market in which
futures prices lead cash prices. The results are
consistent in both individual and joint tests of
the hypothesis. Taken together, the results in-
dicate that hog futures prices are unbiased and
they lead the behavior of cash prices in the
short- and long-run price discovery process.

We test the short-run forecasting efficiency
of futures prices by imposing restrictions on
the lagged explanatory variable coefficients of
each price series. The null hypotheses that the
lagged cash price differenced terms in the fu-
tures equation are jointly zero cannot be re-
jected. The hypothesis that lagged futures price
differenced terms in the cash equation are
jointly zero is strongly rejected at the 1% level
of significance. This finding has two important
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Table 5. Hypotheses Tests for Efficiency of Hog Futures Market

Hypotheses LR Test Statistic (P-Value)

H0 : �′ = (1, −1) Unbiasedness 2.145
(0.143)

H0: �cash Weak exogeneity of cash 35.32
(0.00)∗∗

H0: �futures = 0 Weak exogeneity of futures 0.049
(0.824)

H0: �′ = (1, −1), �futures = 0 Weak exogeneity, unbiasedness 2.90
(0.234)

H0: A∗
f,c = 0 SR causality from cash to futures 125.82

(0.00)∗∗

H0: A∗
c, f = 0 SR causality from futures to cash 3.95

(0.818)
H0: 	 = 0 No serial correlation 2.009

(0.416)

Note: p-values are reported in parenthesis. Asterisk (∗) and double asterisk (∗∗) denote variables significant at 5% and 1%, respectively. The likelihood ratio
test statistic for the restrictions has a � 2 distribution with the degrees of freedom equal to the number of restrictions.

implications. First, it shows that in the short-
run futures prices lead movements in cash
prices but there is no reverse feedback from
cash prices. Second, the significance of lagged
futures price terms in the cash equation reveals
that despite the long-run efficiency of futures
prices as forecasts of cash prices, there is some
inefficiency in the short run. The long-run effi-
ciency is also supported by testing for the hy-
pothesis of no serial correlation in the residuals
of the ECM. Using a Lagrange Multiplier test
we find no evidence of serial correlation in the
residuals (table 5).

Conclusion

In a 1997 essay, Bill Tomek argued that if
we assume futures markets are efficient, then
we cannot a priori determine whether mar-
kets for livestock commodities provide accu-
rate cash price forecasts, relative to the mar-
ket for storable commodities. Others such as
French (1986) and Williams (2001) have im-
plied that the forecast power is low for non-
storable futures markets. But it is really an em-
pirical question. In this article we investigate
the forecast power and efficiency of the CME
lean hog futures market. The hog futures con-
tract was restructured in 1997 and trading vol-
ume since then has risen sharply. Given the
rapid consolidation in the U.S. hog industry,
price formation in the futures market has taken
a more prominent role with the growth in verti-
cal integration, long-term contracting, and for-
mula pricing. Our empirical results show that
the CME futures market is the primary price
discovery point for hogs and that the futures

market is a good and unbiased predictor of
forthcoming cash prices except for very distant
contracts.

[Received July 2006;
accepted September 2007.]
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