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Abstract. This study investigates the relationship between cash and futures prices
of soybeans and soybean meal from 1992 to 2013. Error correction models are
estimated for the prices of both commodities. An exogenous measure of price
variability is included in both models to determine if variability increases the
speed with which cash and futures prices return to their long-run equilibrium
relationship. This is used to measure the impact of price variability on short-run
market efficiency and the price discovery process. The findings indicate that the
level of price variability influences market adjustment rates and the price
discovery process.
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1. Introduction

Over the past decade, agricultural commodity prices have been more volatile
than in any period since the 1970s (Peters, Langley, and Westcott, 2009).
Recent price variability has primarily been attributed to weather shocks, the
growth of biofuels, associated links between agriculture and energy markets, and
volatile economic conditions in emerging markets that buy and sell agricultural
commodities (FAO et al., 2011; Hertel and Beckman, 2012; McPhail, Du, and
Muhammad, 2012).1 Variability has also been blamed on growing speculative
activity in futures and cash markets (Yang, Balyeat, and Leatham, 2005).
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1 In contrast, oil price shocks, dramatic shifts in exports, low food stocks, and inflation contributed
to commodity price variability in the 1970s.
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Whatever the source, price variability is often viewed as harmful, increasing
the risk for producers who make planting decisions months prior to harvest
and providing mixed signals to buyers of agricultural commodities. High
variability also presents resource allocation challenges for firms and policy
makers. Variability need not be detrimental to the market if prices are reacting
to fundamentals such as increased uncertainty about production or stocks and
use. However variability is detrimental if prices fluctuate without regard to
fundamental factors. That is, when price variability reflects excessive speculative
noise, it could impede the flow of fundamental information across markets.
Thus, price variability may or may not be harmful to the overall agricultural
economy.

This study addresses the issue of whether price variability improves or muddles
the flow of information between the futures and cash markets for soybeans
and soybean meal. Soybean markets were chosen for analysis because there are
established cash and futures markets for both soybeans and soymeal. This allows
us to compare cash and futures price relationships of a processed good with those
of a related unprocessed product. However, other commodity markets, such as
corn and wheat, face similar questions about the flow of information during
periods of high price variability.

Specifically, this study analyzes the relationships between cash and futures
prices for U.S. soybeans and soybean meal to determine whether an exogenous
measure of price variability influences the speed with which prices adjust to
equilibrium. Using daily cash and futures prices, error correction models (ECMs)
are estimated. An exogenous variable representing price variability (from the
recent past) is included in the model and used to measure the impact that price
variability has on the speed with which futures and cash markets converge to
their long-run equilibrium relationship. Relative adjustment rates derived from
the estimated ECM are then used to estimate price discovery weights for cash and
futures markets for the two soybean products. Thus, this study also evaluates the
effect that price variability has on the relative contribution that cash and futures
markets make to the price discovery process.

The results reveal that price variability influences both adjustment speeds
and price discovery weights; weights that reveal both cash and futures markets
contribute to the discovery of soybean and soybean meal prices. Also, adjustment
speeds and price discovery weights have changed over time as has the overall
level of price variability. Section 2 discusses the relationship between futures
and cash markets and the role price variability may have on this relationship.
Following that, there is a short discussion of relevant literature (Section 3). Our
model is introduced in Section 4, along with an explanation of the method for
calculating price discovery weights in Section 5. After a short discussion of the
data (Section 6), the empirical results are presented and discussed in Sections 7–
9. The final sections include a discussion of policy implications (Section 10) and
conclusions (Section 11).
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2. Cash and Futures Price Relationships

Economists have argued that an effective futures market should absorb
information on the evolution of prices and then transmit that information to
other markets (Mattos and Garcia, 2004; Tomek and Gray, 1970). That is,
prices are “discovered” in the futures market. However, if participants in futures
markets (such as portfolio managers) also trade in nonagricultural markets while
participants in cash markets (farmers and grain elevator operators) are closely
tied to a particular agricultural commodity, then information contained in the
cash markets may be a more accurate reflection of market fundamentals and
may relate more closely to price discovery. This, in particular, may be true
during periods when speculative activity is high, periods that are often thought
to be related to periods of high price variability.

Etienne, Irwin, and Garcia (2014) challenge the view that long periods of
price variability relate to speculative activity. They show that price bubbles in
the futures market for agricultural commodities often last less than 3 weeks,
have become increasingly short lived, and are less important than market
fundamentals in explaining agricultural price variability. This is critical because
if participants in one market believe that a second market’s price movements are
speculative, they may not respond as forcefully to price signals from that market.
In this case, price variability could slow or impede the flow of information
between markets and reduce the second market’s role in the price discovery
process. However, if price variability reflects changing market fundamentals,
the flow of fundamental information between markets could be amplified by
constantly changing prices. For example, if the second market’s prices strongly
react to the arrival of meaningful information, clear and robust price signals
would be sent to other markets. In this case, the second market’s role in the price
discovery process would be enhanced.

The force of both arguments highlights the need for continued empirical
investigation into the relationship between futures and cash markets over periods
where the long-run level of price variability is changing. Particularly useful would
be evidence that can provide insights on whether (1) price variability improves or
impedes the transmission of information between markets2 and (2) whether the
role played by cash and futures prices in the price discovery process is influenced
by the level of price variability.

3. Some Related Studies

In the past, economists used various causality-related tests and/or cointegration
methods to measure price discovery. Using a framework developed by Garbade

2 Some analysts view price variability as being distinct from price volatility. Such a distinction is not
critical in this study.
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and Silber (1983), Schroeder and Goodwin (1991) found that, in the short run,
livestock prices tend to be discovered in futures markets and transferred to cash
markets. Applying Granger causality tests to differenced prices, Oellermann,
Brorsen, and Farris (1989) found that futures prices of feeder cattle explained
cash prices but not the reverse. Koontz, Garcia, and Hudson (1990) tested the
relationship between spatially separated cash and futures markets for livestock
and found that prices in both cash and futures markets interact in both directions
and that the nature of the interaction has changed over time. Applying causality
tests to ECM models, Yang, Balyeat, and Leatham (2005) found that the futures
market dominates the price discovery process for most agricultural markets and
this finding held regardless of the commodity’s storability.

In other literature, Mattos and Garcia (2004) estimated ECMs for Brazilian
commodities, which included soybeans, and applied causality tests to the lagged
price difference variables, which were included in their ECM model. Their
causality tests provided mixed results. However, these authors also chose to test
the significance of adjustment rate coefficients in the futures price equation and
the cash price equation, a test that can be said to have anticipated methods later
used by other authors investigating price discovery. These authors found that for
most commodities (including soybeans) cash prices adjusted to the futures price.

Although causality testing can be informative, these tests focus on the impact
of lagged prices on current prices and can be viewed as backward looking.
Furthermore, when used for price discovery purposes, these tests implicitly give
one market a weight of 1 and the other market a weight of 0. In contrast, price
discovery is about market absorption of new information. Plato and Hoffman
(2011) used the Gonzalo-Granger method to calculate price discovery weights for
each market. These authors estimated ECM models for Brazil soybean futures
and U.S. (Chicago) soybean futures and emphasized the role that adjustment
rates play in determining price discovery weights. Adjustment rates represent the
response to lagged error terms of a long-run price relationship equation. These
long-run errors (sometimes called innovations) better reflect new or emerging
information than the lagged prices that are used in causality testing. In any
case, when using closing futures prices for both markets, these authors found
that Chicago dominates price discovery for soybean futures. However, using the
opening prices for Chicago and closing futures prices for Brazil, they found that
Brazil dominates the price discovery process.

None of the previously discussed studies evaluated how price variability
may influence the way markets exchange information. However, Adrangi,
Chatrath, and Raffiee (2006) used an ECM to evaluate the relationship between
the futures prices of soybeans, soy oil, and soymeal and used generalized
autoregressive conditional heteroskedasticity methods to account for volatility
spillovers between markets. They found that the soybean market adjusts to
soymeal markets. However, they also found that the price spread between
soybeans and soybean oil diverges. Separately, these authors found that there
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were volatility spillovers between markets for soy-related commodities (volatility
for either beans, meal, or oil influences volatility in the other markets). However,
these authors did not investigate how this volatility may influence the interaction
of prices in each market.

Whatever the case, it is notable that few studies have used ECM models
to calculate price discovery weights for agricultural commodity markets.3 To
our knowledge, no study has explicitly investigated the influence that price
variability has on the speed with which prices adjust to equilibrium or explored
how variability influences the price discovery process. However, studies by
Adrangi, Chatrath, and Raffiee (2006) and Vercammen and Doroudian (2014)
have investigated closely related issues.

4. An Error Correction Model of Cash and Futures Prices

In this study, an ECM model is specified that allows an exogenous measure
of price variability to influence the speed of price adjustment between futures
and cash markets. Estimates of absolute adjustment rates are related to market
efficiency. That is, short-run efficiency is defined by the speed with which a
displaced futures price and/or a displaced cash price returns (or converges) to
the long-run equilibrium relationship between cash and futures prices (McKenzie
and Holt, 2002). If information fully transmits across markets, prices should
quickly converge.

Estimates of relative adjustment rates are then used to measure the relative
contribution that futures and cash markets make to the price discovery process.
Unlike past studies, which rely on causality tests and relationships of prices with
their lag values, this study examines how the response to unexpected information
(errors from a long-run model) influences price discovery. We directly evaluate
the role that price variability plays in influencing this response and the subsequent
effect it has on price discovery weights. A typical ECM embodies the long-run
relationship among variables and the disequilibrium relationship. The long-run
price relationship between cash and futures prices can be written as follows:

P si
csh,t = βfutP

si
fut,t + c + ut , (1)

where P si
csh,t and P si

fut,t represent cash prices and futures prices, respectively, for the
ith soybean product in time period t. The term c represents a constant and takes
into account differences in the cash and futures prices. The term ut represents
the long-run error, which is zero in equilibrium. In the superscript si, s = soy
and i = beans or meal. If c = 0 and βfut = 1, then markets are long-run efficient
(Tomek and Gray, 1970).

3 A vast literature, too large to briefly summarize, has used error correction models to deal with the
issue of cointegration of cash and futures prices.
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The two-price ECM contains this long-run relationship and can be written as
follows:

�P si
csh,t = γcsh

(
P si

csh,t−1 − βfutP
si
fut,t−1 − c

)
+

∑k

i=1
η11,i�P si

csh,t−i

+
∑k

i=1
η12,i�P si

fut,t−i + εcsh,t , (2a)

�P si
fut,t = γfut

(
P si

csh,t−1 − βfutP
si
fut,t−1 − c

)
+

∑k

i=1
η21,i�P si

csh,t−i

+
∑k

i=1
η22,i�P si

fut,t−i + εfut,t , (2b)

where �P si
csh,t and �P si

fut,t represent the daily change in cash prices and futures
prices, respectively, for the ith soybean product. The term on the right-hand side
in parentheses contains a one period lag of the error term from the long-run
relationship between cash and futures prices. The next two terms represent lag
price differences (whose length is often determined by empirical tests, three lags
in this study), and the fourth term represents an equation error. The parameters
γcsh and γfut are adjustment rate parameters. They represent the speed with which
a displaced futures (or cash) price returns to its long-run equilibrium relationship
with the cash (futures) price.

Within the long-run component of equations (2a) and (2b), the term in
parentheses, the cash market price has a positive sign. Therefore, if γcsh < 0,
cash prices return to their equilibrium relationship with the futures price. The
futures price is expected to have a negative sign in equations (2a) and (2b), with
βfut > 0. Therefore, the futures price returns to equilibrium when γfut> 0. If γcsh

= −1 and γfut = 1, then markets are short-run efficient (McKenzie and Holt,
2002). That is, cash and futures prices return to their equilibrium relationship
within one period (with our analysis this is a day). What is critical is that the
relative magnitude of the two adjustment rate coefficients reveals which market
bears “the burden of convergence” (Adrangi, Chatrath, and Raffiee, 2006,
p. 79).

It is often more intuitive to write equations (2a) and (2b) explicitly in terms
of the long-run model error (from equation 1) or as follows:

�P si
csh,t = γcshut−1 +

∑k

i=1
η11,i�P si

csh,t−i +
∑k

i=1
η12,i�P si

fut,t−i + εcsh,t . (3a)

�P si
fut,t = γfutut−1 +

∑k

i=1
η21,i�P si

csh,t−i +
∑k

i=1
η22,i�P si

fut,t−i + εfut,t . (3b)

Price differences are a function of their own lags, and lagged errors of the
long-run equation.
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Therefore, to evaluate the role that price variability plays in influencing market
efficiency, the following system was estimated:

�P si
csh,t = γcshut−1 + θcshvpcsh,tut−1 +

∑k

i=1
η11,i�P si

csh,t−i

+
∑k

i=1
η12,i�P si

fut,t−i + εcsh,t, (4a)

�P si
fut,t = γfutut−1 + θfutvpfutut−1 +

∑k

i=1
η21,i�P si

csh,t−i

+
∑k

i=1
η22,i�P si

fut,t−i + εfut,t , (4b)

where vpi is a lagged 12-day moving variance of the ith price. This term could
be viewed as a measure of the expected level of price variability. In any case,
lagging the variance of prices ensures that vpi is exogenous (see footnote 11). In
equations (4a) and (4b), the adjustment rate term includes an interactive variable
that allows the level of price variability in each market to influence the estimated
adjustment rate. If the θcsh coefficient is significant and negative, the adjustment
rate is faster, meaning that a higher level of price variability allows cash prices
to return more quickly to their long-run equilibrium relationship. That is, price
variability improves short-run market efficiency. If θcsh is significant and positive,
a higher level of price variability slows down the adjustment process and reduces
market efficiency. The opposite is true for the sign on the θfut coefficient in the
futures price equation.

Our decision to include an exogenous measure of price variability in the
disequilibrium part of the model reflects the idea that when markets adjust
toward equilibrium, an excessive level of past variability could either aid or
confuse markets in finding the most efficient path toward equilibrium. Lagged
price variability is not included in the long-run model for two reasons: in
equilibrium price variability is theoretically zero, and in equilibrium lagged
information should not induce prices to move. Using daily data, covering the
period 1992 to October 2013, distinct cash/futures ECM systems were estimated
for soybeans and soymeal. Engle and Granger’s (1987) two-step method was used
to estimate each ECM system. That is, for each commodity, a single ordinary
least square equation was estimated to capture the long-run relationship between
the cash price and futures price. Next, a set of two price difference equations
was estimated to capture the disequilibrium relationship among prices. Right-
hand-side exogenous variables included the lagged error terms from the long-
run model, lags of the price difference variables, and a variable representing the
interaction of vpi, a measure of past price variability, and the lagged error term.

5. Price Discovery Cash or Futures

Schwarz and Szakmary (1994) and Theissen (2002) developed a technique for
calculating price discovery weights from estimated adjustment coefficients from a
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Table 1. Mean and Coefficient of Variation of Prices

Meana Mean Mean Mean CV1b CV1c CV2 CV2d

Prices Beans P-Diff Meal P-Diff Beans Meal Beans Meal

Cash
1992–1999 257 0.12 202 − 0.02 3.28 2.37 13.35 20.13
1999–2005 220 0.002 182 0.02 2.75 3.38 24.76 22.93
2005–2013 390 0.12 310 0.12 2.76 3.47 32.40 33.08
Futures
1992–1999 238 0.116 197 0.04 1.95 2.241 13.01 17.84
1999–2005 203 − 0.002 176 0.09 2.83 3.13 23.64 22.82
2005–2013 387 0.12 302 0.24 2.74 3.08 30.75 30.20

a Average prices are dollars per metric ton, mean. P-Diff is the average first difference of daily price. For
example, in the 1992–1999 period, the average daily change in the price is plus 12 cents for soybeans and
minus 2 cents for soymeal.
b CV is the coefficient of variation represented by the standard deviation of price over its mean multiplied
by 100.
c CV1 is the coefficient of variation derived from a 12-day moving average measure of the variance. This
represents variability of a short period of time, and its lagged value is used in our model.
d CV2 is the coefficient of variation derived from the variance of the price over the entire listed subperiod.
This represents long-run variability, reflecting overall changes in price movements over the period. Such
a measure of variability would be endogenous if it were used in our model.

two-variable ECM model. There is an intuitive appeal to using error adjustment
rates to measure a market’s role in the price discovery process. Unlike the lags
of a Granger test, errors in the long-run model contain new or unpredicted
information.

In any case, the Schwarz-Szakmary/Theissen method allows us to directly
determine whether price variability has an influence on the relative importance
of cash and futures markets in price discovery. We evaluate whether the price
discovery weights on the futures and cash markets changed after agricultural
prices became more volatile after 2005 (see coefficient of variation [CV] 2
in Table 1), a period when the growth of corn ethanol linked agricultural
commodities more tightly to volatile energy markets (Westcott 2007).

Estimated price discovery weights reflect the contribution each market makes
to the price discovery process. In the Schwarz and Szakmary (1994) and Theissen
(2002) approach, the market whose price adjusts the least receives the higher
price discovery weight, a point also made by Mattos and Garcia (2004). That
is, prices are more likely to be formed in a market that does little adjusting to
new information contained in the error of the long-run model. In contrast, price
discovery weights are low for the market that adjusts relatively more. That is,
prices are not likely to be formed in a market that is constantly forced to adjust
to new information contained in the error of the long-run model. Underlying
such analysis is the view that the market that does not adjust (or need not adjust)
may be the source of the new information.
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6. Data

The daily cash price of soybeans and soymeal was obtained from the U.S.
Department of Agriculture’s (USDA) Agricultural Marketing Service (AMS)
(1992 through October 2013; USDA-AMS, 2013). Futures prices were obtained
from Quandl (1992 through October 2013; Quandl, 2014). Futures prices were
represented by the settlement price. Seven soybean contracts are traded within
one calendar year. Following the approach applied in most studies that use
futures prices, we roll over from the nearby contract (S1) to the next nearby
contract (S2) on the last day of month prior to the delivery period.4 Thus, the
futures price series do not include the delivery months, and this study’s estimated
adjustment rates and price discovery weights do not refer to the delivery period.
The cash price series for soybeans was obtained from USDA-AMS, Decatur–
Central Illinois (1992 through October 2013; USDA-AMS, 2013), average price
of the truck-rail low and high bid. The soybean meal (high protein) cash prices
series was obtained from USDA-AMS, Decatur–Central Illinois, average price of
the truck-rail low and high bid (USDA-AMS, 2013). These prices reflect a basis
range for soybean meal as of 2:30 p.m. daily. The cash price (bid price) that is
reported is computed by applying this basis range to the nearby futures price to
reflect price offers over the previous hours of the day.5,6

Finally, each commodity had several dates for which one price was not
available while the other price was available. For these observations, a synthetic
price was created by averaging the previous day’s price and next day’s price.
To ensure that this process did not influence the results, a dummy variable was
created to represent those observations with a synthetic price and was tested for
significance in subsequent models.

Table 1 reports the average prices over three periods: 1992–1999, 1999–2005,
and 2005–2013. All prices fall from the first to the second period and rise signifi-
cantly in the final period. Cash and futures prices are clearly related; in no period
was the correlation coefficient between cash and futures prices below 0.987 for

4 Studies that analyze cash/futures price relationships typically do not include the delivery month,
because volume is small in the delivery month and price moves can be irregular. Our approach is careful
to not take the first difference between the first observation of a new contract price and the last observation
of the previous contract. Contract rollovers can be handled in many different ways (Bessler and Covey,
1991; Carchano and Pardo, 2009; Trujillo-Barrera, Mallory, and Garcia, 2012). The authors are willing
to provide a detailed description of the rollover method to interested readers.

5 Millers and buyers sometimes quote cash prices as the deviation from futures prices. Use of this
language among millers may have led many economists to believe that it is the futures market that signals
the cash market. However, anecdotal evidence suggests that local conditions and market fundamentals
often determine the cash price for a particular transaction. It would be an interesting behavioral economics
study to see if the use of deviation quotes has influenced the views of market participants and analysts
who study cash and futures markets.

6 For robustness checks, we also estimated the models with opening price and the average of the each
day’s high and low futures prices. The results were not remarkably different when using the average of
the daily high and low prices, but they were different when using the opening price.
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soybeans and 0.94 for soymeal. The table also reports two measures of the CV
(the standard deviation over the mean). The first measure (CV1) is derived from
a 12-day moving average estimate of the standard deviation of prices. Its lagged
value was used in the subsequent model because traders tend to respond to price
movements over a short period of time. For soybean cash price (futures), there is
a slight fall (rise) in this measure of short-run price variability during the 1992–
1999 period and little change over the latter two periods. For soymeal, the CV1
measure for both cash and futures prices rises after the first period. In contrast,
CV2 is derived from the standard deviation of prices over each entire subperiod.
It reflects the overall level of variability over the subperiods. Such a measure of
variability would be endogenous if it were to be used in our model and serves
mainly to provide an indicator of the environment in which traders operated
during each period. This measure indicates that long-run price variability has
risen over time and is particularly large for the 2005–2013 time period.

7. Results

Dickey-Fuller UR tests were applied to all four prices (cash and futures for
soybeans and soymeal). It was not possible to reject the null hypothesis of
nonstationarity for each price series over the entire period (1992–2013). Next,
a series of UR equations was estimated for each price series while constantly
altering the time period (changing starting and terminal dates) in order to
determine if the coefficient on the lagged price term was stable. This method,
which is similar to the Zivot and Andrews (1992) test for structural breaks, led
to division of the data into three subperiods: 1992–1999, 1999–2005, and 2005–
2013. The former two periods were characterized by relatively low long-run price
variability, whereas the latter period experienced relative high price variability.7

Interestingly, corn-based ethanol grew dramatically in 2005 and 2006 (Wescott,
2007), which further linked agricultural markets to volatile energy markets.

UR tests were applied to each time period, and it was not possible to reject the
null hypothesis of nonstationary cash and futures prices, for both soybean and
soymeal. All Dickey-Fuller Tau statistics were insignificant. We then carried
out an Engle-Granger test, an appropriate method for testing cointegration
between two variables. UR tests were applied to the errors from each long-
run cash and futures price equation, and each Tau statistic was found to be

7 A series of rolling unit root (UR) equations was estimated from 1992 to 1995, and again from 1992
to 1996, and so on, up until October 2013. The same procedure was applied while moving both starting
and ending dates up 1 year. The results showed that the estimated coefficient on the lagged price in each
UR equation significantly changed for all price series after 1999. For example, a two-variable T statistic
to test for differences in this parameter from a 1992–1997 UR equation for soybean cash prices stayed
below 0.5 until a 1999–2004 model was tested. At this point, the test for parameter differences jumped
to a value of 2.63. There were also significant differences between 2004 and 2006 (the exact date was
slightly different for soybeans and soybean meal).
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Table 2. Long-Run Cash/Futures Models of Soy Prices: 1992–2013

Beansa Meal

R2 = 0.99 R2 = 0.97
Coefficient T Statistic Coefficient T Statistic

Con − 0.12 − 13.37 − 9.58 − 14.94
F price 1.02 1019 1.05 459.8
DVMb 0.062 9.73 4.11 9.67

a The dependent variable is the cash price, con is the constant, and F price represents the futures price.
The high R2 values indicate that cash and futures prices are closely related over the long run.
b DVM is a dummy variable representing the delivery (rollover) month.

statistically significant at the 0.01 confidence level. That is, the null hypothesis
of nonstationary errors could be rejected. This combination of results revealed
that cash and futures prices for both soybean and soybean meal were cointegrated
for each of the three time periods in which the analysis took place.

8. Price Adjustment and Variability

Following the UR test, one set of ECM equations was estimated for each
commodity price pair over the entire 1992–2013 period. Next, these data were
broken into the three time periods (each characterized by different degrees of
long-run price variability) and analyzed to determine whether the adjustment
rate coefficients had changed over time and to determine if the impact of price
variability on the adjustment rate differed across time periods. Thus, all models
were estimated four times over, once for each of the subperiods and once over
the entire 1992–2013 period.

Table 2 reports estimates of the long-run equilibrium models for soybeans
and soymeal that were estimated over the entire period. The high R2 values
indicate that there is a close relationship between cash and futures prices for both
commodities. Table 3 reports estimates of second-stage disequilibrium models
representing the entire 1992–2013 period. For both commodities, each ECM
model included three lags of each price difference term,8 the lagged error term
from the long-run model, and a variable that captures the interaction of lagged
price variability (vpi) with the long-run lagged error term. This interaction term
allowed us to determine how price variability influences the speed of price
adjustment to equilibrium.

8 Restricting lag coefficient restrictions to zero, a log likelihood ratio test indicated two price difference
lags were sufficient. However evaluation of the autocorrelation terms of the errors from each equation
using a Box-Pierce statistic showed that the models would benefit with a third and, in some instances, a
fourth price lag. Splitting the difference in results, and choosing to impose a similar specification on all
models, we chose three lags.
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Table 3. Error Correction Model for Soybeans 1992–2013

Cash Futures

Variable Coefficient T Statistic Coefficient T Statistic

Soybean
g1-pcha 0.191 4.18 0.222 4.93
g2-pch 0.028 0.60 − 0.019 − 0.42
g3-pch − 0.063 − 1.37 − 0.077 − 1.71
g1-pf − 0.149 − 3.19 − 0.191 − 4.17
g2-pf − 0.029 − 0.63 0.006 0.13
g3-pf 0.079 1.70 0.095 2.06
GE − 0.021 − 2.52 0.010 1.16
GE∗VP − 0.027 − 1.40 0.035 2.08
Soymeal
g1-pch − 0.129 − 4.86 0.065 2.67
g2-pch 0.102 3.83 − 0.089 3.64
g3-pch 0.031 1.21 0.0075 0.31
g1-pf 0.271 9.34 − 0.0071 − 0.27
g2-pf − 0.055 − 1.85 − 0.081 − 2.92
g3-pf − 0.01 − 0.33 − 0.004 − 1.46
GE − 0.028 − 4.75 0.0047 1.08
GE∗VP − 0.0003 − 5.21 − 0.000009 − 1.84

a gi-pch (gi-pf) is the ith lag of the differenced cash (futures) price, GE is the lag error from the long-run
model, and GE∗VP is the lagged long-run error with a measure of lagged price variances. Dummy variable
used to represent the few observations with filled in prices that were not significant and were dropped
from the model.

Table 4. Testing whether Price Variability Influences Adjustment Ratesa

Years 1992–2013 1992–1999 1999–2005 2005–2013
χ2(2) χ2(2) χ2(2) χ2(2)

Beans 24.6b∗∗∗ 17.9∗∗∗ 2.1 14∗∗∗

Meal 27.8∗∗∗ 19.6∗∗∗ 12.6∗ 28.2∗∗∗

a Likelihood ratio tests were applied to test if the coefficient on the lagged vpi, lagged error interaction
was zero in each error correction model. The numbers in the table refer to the subsequent test statistic. A
significant test static reveals that inclusion of the variable significantly improves model performance.
b The asterisks (∗, ∗∗, and ∗∗∗) indicate significance at the 0.1, 0.05, and 0.01 confidence level, respectively.

A likelihood ratio test was performed to determine if each vpi variable
contributed to the fit of each ECM system. A significant test statistic indicates
that model performance improves when an exogenous price variability measure
is included in the model. Table 4 reports χ2 statistics of the likelihood ratio tests.
The test statistics reveal that the lagged (exogenous) price variability measure was
significant (0.01 confidence level) for soybean and soymeal models that were
estimated over the entire period (1992–2013), over the first period (1992–1999),
and over the last period (2005–2013). This provides clear evidence that the level
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of price variability (measured by lagged 12-day estimate of the price variance)
can influence both the adjustment rate and price discovery process for soybeans
and soymeal.9,10 However, over the second period (1999–2005), the variability
measure was not significant in the soybean model and was only significant at the
0.10 level in the soymeal model.

Table 5 reports the estimated adjustment rates for soybeans and soymeal. In all
long-run models, the cash price represented the dependent variable. Therefore,
movement toward equilibrium requires a negative coefficient on the long-run
error in the cash price equation and requires a positive coefficient on the long-run
error in the futures price equation. The adjustment half-life, representing the time
for prices to adjust halfway to equilibrium, is also reported.11 The results reveal
that for the models that include the vpi/error interaction term, soybean cash
prices took 41 days to adjust halfway to equilibrium in the 1992–1999 period,
13 days in the 2000–2005 period, and 37 days in the final (2005–2013) period.
In contrast, the futures prices adjusted in 37 days in the first period, adjusted the
wrong way in the second period, and took 46 days to adjust halfway in the final
high price variability period (2005–2013). The lack of futures price adjustment
in the second period (1999–2005) reflects the dominance of the futures market
in the price discovery process. That is, a price that fails to correct for deviations
from the long-run equilibrium relationship but instead moves away from that
relationship can be viewed as leading the market in its own direction.

For soymeal, there is an even larger change in the adjustment rates over time.
Cash prices for soymeal take 46 days to adjust halfway in the first period, 13
days in the second period, and 29 days in the final period. Futures prices take
230 days to adjust in the first period and 77 days in the last period. As with
soybean futures, soymeal prices adjust the wrong way in the 1999–2005 period.
The slow adjustment of futures prices in the first period reflects the dominance
of the futures market, which appears to be forcing cash prices to do most of the
adjusting to the error term of the long-run model.

9 To ensure that choosing a 12-period moving variance did not distort our results, we ran the model
several times over, in turn, using an 8-period moving variance, a 9-period moving variance, up to a 16-
period moving variance. Except for the 8-period moving variance model, all model coefficients estimated
were almost the same.

10 Lagging the 12-period moving variance 1 period means this variable was calculated from prices
lagged 1 to 12 periods. To ensure it was truly exogenous, alternate models were estimated using a moving
variance measure calculated from the current price and lags 11 periods back. A Wu-Hausman endogeneity
test for significant difference in coefficients was performed. The Wu-Hausman test statistics for soybeans
were 9.78 and 250 for the coefficients on the cash and futures price variance measures. For soymeal,
these test statistics were 204 and 1,581 for cash and futures price variance measures. Each of these
χ2(1) statistics are significant at the 0.01 confidence level, so that our 1- to 12-lag vp measure was truly
exogenous.

11 Adjustment rates implicitly use the error term as the base of adjustment. Because the error decays
over time, many economists report the amount of time it takes to adjust halfway to equilibrium, the
adjustment half-life (Kontolemis, 2002).
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Table 5. Estimated Adjustment Rates

Adjustment Adjust Time Adjust Time
Ratea Halfwayb vp � 0 Halfway vp = 0 Ratioc

1992–1999
Cash bean − 0.017 41 63.4 1.60
Futures bean 0.018 36.9 29.9 0.81
Cash meal − 0.015 46.4 66.4 1.50
Futures meal 0.003 230 183 0.60
1999–2005
Cash bean − 0.055 12.7 14.2 1.12
Futures bean − 0.02 Nc Nc Nc
Cash meal − 0.053 13.4 15.4 1.14
Futures meal − 0.002 Nc Nc Nc
2005–2013
Cash bean − 0.019 36.8 38.9 1.06
Futures bean 0.015 45.9 62.7 1.37
Cash meal − 0.023 29.3 36.9 1.25
Futures meal 0.009 76.7 69 0.90
Whole period: 1992–2013
Cash bean − 0.022 31.85 35.8 1.14
Futures bean 0.011 62.7 76.7 1.22
Cash meal − 0.025 28.07 36.48 1.09
Futures meal 0.004 164.7 147 0.89

a Price adjustment rates are estimated from an error correction model. Adjustment rate coefficients should
be negative for cash markets and positive for the futures price. Nc stands for “not converge” and is where
the cash prices market does all the adjustment.
b The half-life or number of days it takes to adjust halfway to equilibrium (Kontolemis, 2002).
c Ratio represents a ratio of the estimated adjustment rate compared with what it would be if the measure
of price variability were zero. A ratio <1 indicates the price variability slows the rate of adjustment to
market equilibrium and thus impedes market efficiency.

Table 5 also reports estimates half-life adjustment estimates, when the lagged
level of price variability is set equal to zero. The ratio reported in the final
column of this table represents two adjustment estimates from the same model:
adjustment rates when the price variance is nonzero over the adjustment estimate
when the price variance is zero. For example, for the cash market, this ratio
is (γcsh + θcshvpcsh) /γcsh. As constructed, a ratio greater than 1 means that
when prices are more variable the estimated speed of adjustment increases; thus
markets are more efficient. For the soybean cash price, the adjustment ratio is
greater than 1 in every period, indicating that price variability increased the rate
with which soybean cash prices returned to their long-run equilibrium value.
However, price variability only increased the rate of adjustment for soybean
futures prices in the 2005–2013 period.

There was a similar impact for soymeal price variability, increasing the speed
of adjustment for cash prices in every period and slowing adjustment speeds of
futures prices in two periods. Overall, it could be said that price variability
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Table 6. Price Discovery Weights: Cash and Futuresa

Whole Period Estimate 1992–1999 1999–2005b 2005–2013

Cash bean 0.34 0.52 Nc 0.42
Futures bean 0.66 0.48 Nc 0.58
Cash meal 0.14 0.165 Nc 0.28
Futures meal 0.86 0.835 Nc 0.72

a The reported price discovery weights and adjustment rates have been slightly rounded, so the two
vectors may not appear to be exactly orthogonal (see Appendix). However, without rounding, the vector
containing two adjustment rates is exactly orthogonal to the two price discovery rates (see Appendix).
b Nc represents periods when cash and futures prices did not converge in the nondelivery months. In each
of these cases, the futures price moved away from equilibrium leaving cash prices to do all the adjusting.
In such situations, prices are exclusively discovered in the futures market.

increased the speed of adjustment of cash prices and slowed the speed of
adjustment of futures prices. Because price discovery weights are inversely related
to adjustments speeds, variability appears to have enhanced the role that futures
prices play in price discovery.

9. Price Discovery Weights

Table 6 reports price discovery weights for each time period. For soybeans,
an estimated weight of 0.52 on the cash price and 0.48 on the futures price
indicate that both cash and futures markets contributed almost equally to price
discovery in the first period. The wrong-way adjustment of futures prices in the
second period is a sign of complete dominance of the futures market in price
discovery. This finding suggests that the futures price does not correct for an
error but instead responds to it positively and may be leading the market in a
new direction, leaving the cash market to do all the adjusting. However, for the
final period with high price variability, the futures market dominates slightly
contributing 58% to the price discovery process. Finally, price discovery rates
calculated for a model estimated over the entire period show the futures market
dominating, contributing 66% to the price discovery process. What is notable is
that the model representing the entire period obscures the changing role played
by each market across time periods characterized by different levels of long-run
price variability.

In contrast, the futures market dominates price discovery for soymeal in every
period, contributing 83.5% in the first period, completely dominating price
discovery in the second period, and contributing 72% to price discovery in
the final period. Price discovery rates calculated for soymeal estimated over the
entire period show the futures market contributing 86% to the price discovery
process over the entire period.

https://doi.org/10.1017/aae.2015.24 Published online by Cambridge University Press

https://doi.org/10.1017/aae.2015.24


554 CARLOS ARNADE AND LINWOOD H OFFMAN

What is also interesting is that for two of the three periods the cash market
played a significant role in soybean price discovery, but for soybean meal, the cash
markets played a small role in every period. The more dominant influence of the
soymeal futures may reflect differences in the makeup of market participants.
Individual producers and grain elevator operators are likely to participate in
the soybean market. In contrast, producers are likely to play a smaller role in
soymeal markets, a commodity that requires considerable processing to produce
an output. Buyers and sellers of processed products are likely to represent larger
established firms that have strong links to financial markets. Thus, it is no surprise
that soymeal prices were primarily discovered in the futures market in every
period.

10. Policy Implications

For policy makers, it is important to know whether futures markets or cash
markets dominate the setting of price. Agricultural policy makers often focus
on cash markets, whereas many economists argue that futures markets are more
liquid, can absorb new information more quickly, and thus contribute more to
price discovery than cash markets. Our results show that from 1992 to 1999 the
soybean cash market played a slightly larger role in price discovery, but after
1999, the futures market came to dominate price discovery. The futures market
dominated price discovery for soymeal in all periods. This serves as a reminder
that both producers and policy makers should pay closer attention to futures
markets when evaluating and forecasting economic outcomes in agriculture. In
using a method that allows price discovery to be a weighted average of both
prices, rather than claiming price discovery is an all-or-nothing phenomena, this
study reminds both producers and policy markets that neither the cash market
nor the futures market can be completely ignored. Our study illustrates that as
the level of variability can change over time so can the relative importance of
each market to the price discovery process.

It is also notable that in the final period (2005–2013) price discovery weights
on the cash market were 42% for soybeans and 28% for soybean meal. Over this
period, even when electronically based traders with links to financial markets
were believed to have increased their agricultural trading, the cash market
remained an important contributor to price discovery. If variable cash prices
reflected changes in market fundamentals as claimed by McPhail, Du, and
Muhammad (2012) and Hertel and Beckman (2012), then paying attention to
the cash market made sense for traders. So it should be for producers and policy
makers.

Perhaps the most important message of this study is that policy makers
should not always view price variability as harmful. Table 5 reveals that the
speed by which prices return to equilibrium increased in 10 out 14 cases, when
the impact variability is taken into account. In particular, price variability
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increases adjustment speeds in the cash markets. Tomek and Gray (1970,
p. 379) speculated that government-induced price stability “could be achieved at
the cost of confusing and obliterating price signals for inventory or production
responses.” Our results both reinforce and broaden this statement. Policies that
reduce price variability can impede cash markets from quickly navigating toward
equilibrium. That is, policies that reduce price volatility could make it difficult
for market participants to detect the proper price signals and slow the process of
price adjustment. Our findings indicate that this may confuse not only producers
but also market traders themselves.

11. Conclusion

In the past decade, commodity markets have experienced a considerable amount
of price variability, which is often viewed as a problem. This view ignores the
possibility that variability can enhance market efficiency by providing clear
price signals to market participants concerning changing market conditions.
This study estimates the relationship between cash prices and futures prices for
soybeans and soymeal. The first goal was to determine whether price variability
influenced the speed with which cash and futures prices absorb new information
and adjust to long-run equilibrium. If price variability increases the adjustment
rate, then variability makes markets more efficient in the short run. If it slows the
adjustment rate, variability makes markets less efficient. Our second goal was to
determine how price variability influenced the relative importance of cash and
futures markets in the price discovery process.

To achieve both goals, an ECM that included an exogenous measure of
(lagged) price variability was specified and estimated. Allowing adjustment rates
to be a function of an outside exogenous variable (rather than stand-alone
coefficient) represents the main innovation of our ECM model. The impact lagged
price variability had on the rate of adjustment to equilibrium was measured and
tested. Statistical tests indicated that price variability has a significant impact on
the adjustment rates. This implies that price variability influences convergence
speeds, short-run market efficiency, and thus the relative importance that markets
play in the price discovery process.

The analysis covered three time periods, each experiencing a different degree
of long-run price variability. Modeling results indicated that for both soybeans
and soybean meal variability increased the speed of adjustment of cash prices in
every period. In contrast, price variability tended to slow the speed of adjustment
of futures prices. The combined effect of these differences served to enhance the
role of the futures market in the price discovery process.

The one exception was a large increase in the speed of adjustment of soybean
futures during the 2005–2013 period, a period of high long-run price variability.
In this period, both cash and futures prices returned to equilibrium more quickly.
This result, combined with the higher adjustment speeds in the cash markets in
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every period, supports the view that in general price variability improves short-
run market efficiency. At a minimum, the analysis in this study can serve as a
challenge to those who claim price variability reduces market efficiency.

The results in this study also reveal that the role futures markets play in
soybean price discovery was larger after 2000 than before it. The futures market
played a much larger role in price discovery in the soymeal markets than soybean
markets. Finally, in the latest period (2005–2013), in which variability was high,
the cash market played a more significant role in price discovery than in the
1999–2005 period. This final result may reflect the perception that the futures
market contained more speculative noise over the years from 2005 to 2013 than
the cash market.

Further work along these lines, in other markets, is needed to draw conclusions
about the price variability’s effect on commodity markets in general. Future
work also could explore how different aspects of price volatility influence
market efficiency. For example, it would be interesting to compare how different
measures of price volatility (other than the variances of prices) influence market
efficiency. Or it may be interesting to compare the impact of price variability at
different frequencies (daily, weekly, or monthly) on market interaction and the
price discovery process. Finally, other factors (such as producer demographics)
might be included in the model to help understand the changing role of the cash
and futures markets in the price discovery process.
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Carchano, Ó., and Á. Pardo. “Rolling Over Stock Index Futures Contracts.” Journal of
Futures Markets 29,7(July 2009):684–94.

Engle, R.F., and C.W.J. Granger. “Co-Integration and Error Correction: Representation,
Estimation, and Testing.” Econometrica 55,2(March 1987):251–76.

Etienne, X.L., S.H. Irwin, and P. Garcia. “Bubbles in Food and Commodity Markets, Four
Decades of Experience.” Journal of International Money and Finance 42(2014):129–55.

Figuerola-Ferretti, I., and J. Gonzalo. “Modelling and Measuring Price Discovery in
Commodity Markets.” Journal of Econometrics 158,1(September 2010):95–107.

Food and Agricultural Organization of the United Nations (FAO), International Fund for
Agricultural Development, International Monetary Fund, Organisation for Economic
Co-operation and Development (OECD), United Nations Conference on Trade and
Development, United Nations World Food Programme, the World Bank, World Trade
Organization, International Food Policy Research Institute, and United Nations High-
Level Task Force on Global Food Security. Price Volatility in Food and Agricultural
Markets: Policy Responses. Rome: FAO; Paris: OECD, Policy Report, 2011.

Garbade, K.D., and W.L. Silber. “Price Movements and Price Discovery in Futures and Cash
Markets.” Review of Economics and Statistics 65,2(May 1983):289–97.

https://doi.org/10.1017/aae.2015.24 Published online by Cambridge University Press

https://doi.org/10.1017/aae.2015.24


Price Discovery, Market Efficiency, and Price Variability 557

Gonzalo, J., and C. Granger. “Estimation of Common Long-Memory Components in
Cointegrated Systems.” Journal of Business & Economic Statistics 13,1(1995):27–35.

Harris, F.H. deB., T.H. McInish, and R.A. Wood. “Security Price Adjustment across
Exchanges: An Investigation of Common Factor Components of Dow Stocks.” Journal
of Financial Markets 5,3(July 2002):277–308.

Hertel, T.W., and J. Beckman. “Commodity Price Volatility in the Biofuel Era: An
Examination of the Linkage between Energy and Agricultural Markets.” The Intended
and Unintended Effects of U.S. Agricultural and Biotechnology Policies. J.S. Graff Zivin
and J.M. Perloff, eds. Chicago: University of Chicago Press, 2012, pp. 189–221.

Johansen, S. Likelihood-Based Inference in Cointegrated Vector Autoregressive Models. New
York: Oxford University Press, 1995.

Kontolemis, Z.G. “Money Demand in the Euro Area: Where Do We Stand (Today)?”
International Monetary Fund (IMF) working paper WP/02/185, Washington, DC: IMF,
2002.

Koontz, S.R., P. Garcia, and M.A. Hudson. “Dominant-Satellite Relationships between Live
Cattle Cash and Futures Markets.” Journal of Futures Markets 10,2(April 1990):123–
36.

Mattos, F., and P. Garcia. “Price Discovery in Thinly Traded Markets: Cash and Futures
Relationships in Brazilian Agricultural Futures Markets.” Paper presented at NCR-
134 Conference on Applied Commodity Price Analysis, Forecasting, and Market Risk
Management, St. Louis, MO, April 19–20, 2004.

McKenzie, A.M., and M.T. Holt. “Market Efficiency in Agricultural Futures Markets.”
Applied Economics 34,12(2002):1519–32.

McPhail, L.L., X. Du, and A. Muhammad. “Disentangling Corn Price Volatility: The Role
of Global Demand, Speculation, and Energy.” Journal of Agricultural and Applied
Economics 44,3(August 2012):401–10.

Oellermann, C.M., B.W. Brorsen, and P.L. Farris. “Price Discovery for Feeder Cattle.” Journal
of Futures Markets 9,2(April 1989):113–21.

Peters, M., S. Langley, and P. Westcott. “Agricultural Commodity Price Spikes in the 1970s
and 1990s: Valuable Lessons for Today.” Amber Waves 7,1(March 2009):16–23.

Plato, G., and L. Hoffman. “Price Discovery in U.S. and Foreign Commodity Futures Markets:
The Brazilian Soybean Example.” Proceedings of the NCCC-134 Conference on Applied
Commodity Price Analysis, Forecasting, and Risk Management, St. Louis, MO, 2011.

Quandl. “Futures Data.” Internet site: https://www.quandl.com/collections/futures (Accessed
November 11, 2014).

Schroeder, T.C., and B.K. Goodwin. “Price Discovery and Cointegration for Live Hogs.”
Journal of Futures Markets 11,6(December 1991):685–96.

Schwarz, T.V., and A.C. Szakmary. “Price Discovery in Petroleum Markets: Arbitrage,
Cointegration, and the Time Interval of Analysis.” Journal of Futures Markets
14,2(April 1994):147–67.

Theissen, E. “Price Discovery in Floor and Screen Trading Systems.” Journal of Empirical
Finance 9,4(November 2002):455–74.

Tomek, W.G., and R.W. Gray. “Temporal Relationships among Prices, on Commodity
Futures Markets: Their Allocative and Stabilizing Roles.” American Journal of
Agricultural Economics 52,3(August 1970):372–80.

Trujillo-Barrera, A., M. Mallory, and P. Garcia. “Volatility Spillovers in U.S. Crude Oil,
Ethanol, and Corn Futures Markets.” Journal of Agricultural and Resource Economics
37,2(2012):247–62.

https://doi.org/10.1017/aae.2015.24 Published online by Cambridge University Press

https://www.quandl.com/collections/futures
https://doi.org/10.1017/aae.2015.24


558 CARLOS ARNADE AND LINWOOD H OFFMAN

U.S. Department of Agriculture, Agricultural Marketing Service (USDA-AMS). “Run
a Custom Report.” Internet site: https://www.marketnews.usda.gov/mnp/ls-report-
config?category=Feedstuff (Accessed December 4, 2013).

Vercammen, J., and A. Doroudian. “Portfolio Selection and Commodity Price Volatility
in a Stochastic Storage Model.” American Journal of Agricultural Economics
96,2(2014):517–32.

Westcott, P.C. Ethanol Expansion in the United States: How Will the Agricultural Sector
Adjust? Washington, DC: U.S. Department of Agriculture, Economic Research Service,
Outlook Report No. FDS-07D01, May 2007.

Yang, J., R.B. Balyeat, and D.J. Leatham. “Futures Trading Activity and Commodity Price
Volatility.” Journal of Business Finance & Accounting 32,1–2(January 2005):297–323.

Zivot, E., and D.W.K. Andrews. “Further Evidence on the Great Crash, the Oil-Price
Shock, and Unit-Root Hypothesis.” Journal of Business & Economic Statistics
10,3(1992):251–70.

Appendix: Price Discovery Weights in a Two-Variable Model

Gonzalo and Granger (1995) developed a method for measuring changes in the
common factor underlying the long-run relationship among economic variables. A
number of economists have applied this technique toward the issue of market price
discovery (Figuerola-Ferretti and Gonzalo, 2010; Plato and Hoffman, 2011). The
goal is to determine which market is primarily responsible for generation of new
price information.

Within the Gonzalo-Granger model, an error correction model (ECM) is estimated
that contains only one long-run relationship. Differences in adjustments rates, to the
same error term, determine the role different markets play in the price discovery
process and in establishing a common long-run stochastic trend among prices.

Theissen (2002) showed how the price discovery weights can be explicitly derived
from estimated adjustment rate coefficients when a model consists of only two prices
(also see Schwarz and Szakmary, 1994). Price discovery weights for models with
more than two prices are derived through a procedure similar to the Johansen
eigenvalue test for cointegration (Gonzalo and Granger, 1995; Plato and Hoffman,
2011). The Gonzalo-Granger eigenvector method for price discovery is similar to the
Johansen (1995) eigenvalue test for cointegration using residual matrices from two
vector autoregression models. A different product matrix is calculated from these
matrices, and the minimum eigenvector (rather maximum eigenvalue) is calculated to
determine price discovery weights (Gonzalo and Granger, 1995; Plato and Hoffman,
2011).

When prices are cointegrated, they follow to a common stochastic trend, a
trend that is often said to be caused by some underlying common factor that
influences the prices. The innovation of Gonzalo-Granger was to show that the
missing common factor could be approximated as a weighted average of a model’s
endogenous variables. Call ε the linear combination of prices that produces the
common stochastic price trend. This can be written as follows:

γ⊥cshP
si
csh,t−1 − γ⊥futP

si
fut,t−1 = ε, (A-1)
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where the vector γ ⊥ = {
γ⊥csh,γ⊥fut

}
is called the complement of the adjustment rate

vector of the ECM (i.e., γ = {γcsh,γfut}). To qualify as a complement vector, the
following orthogonality condition must be met: γ ⊥′γ = 0. That is, the multiplication
of the complement vector and the estimated coefficients of the error correction vector
must equal zero.

Harris, McInish, and Wood (2002) showed that a relative adjustment rate
complement represents that market’s contribution to a common stochastic price
trend and can be thought of as a price discovery weight. In a cash/futures price
model, the weights (Wgi) are

γ⊥csh/(γ⊥csh+γ⊥fut) + γ⊥fut/(γ⊥csh+γ⊥fut) = 1 = Wgcsh + Wgfut. (A-2)

Expanding on the work of Schwarz and Szakmary (1994), Theissen (2002) showed
that in a two-variable model price discovery weights, Wg, can be directly derived
from estimated error correction coefficients. Using this study’s model, the Schwarz
and Szakmary/Theissen weights are as follows:

Wgcsh = γ̂fut/(γ̂fut − γ̂csh), (A-3)

Wgfut = −γ̂csh/(γ̂fut − γ̂csh), (A-4)

where γ̂ csh and γ̂ fut represent the adjustment rate coefficients estimates from this
study’s ECM.
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