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INTRODUCTION

Forecasting futures prices is an integral part of profitable commodity futures
trading. Various technical analysis techniques exist to assist traders in detect-
ing profitable opportunities. Many technical indicators rely solely on price, price
changes, or some variation in the price component. Few indicators or techniques in-
corporate other valuable trading information, such as volume and open interest, ex-
cept in a peripheral way. For example, in a vertical line price (bar) chart, volume
and open interest changes are used to reinforce expectations from the price signal
formation, and then, not on a day-to-day basis [e.g., Jiler (1962, 1965,1975); Belveal
(1985); Stewart (1986)]. Cornell (1981) finds a highly significant contemporaneous
relationship between volume and price variability in futures markets, though day-
to-day Jead and lag relationships are not significantly correlated.

One indicator that directly incorporates volume is the on-balance volume (OBV)
index developed by Granville for the stock market (Aspray, 1989). The OBV index
is used to confirm or discount expected price movements. Another indicator that
combines price, volume, and open interest is the Herrick Payoff Index (HPI), devel-
oped by John Herrick. The HPI is used to calculate the money flow in or out of a
commodity. When the HPI is positive, money flow is positive, and a bullish market
is indicated. A negative HPI indicates money is leaving the commodity, which indi-
cates a bearish market (Aspray, 1989).

Markov-chain analysis provides another possible method of integrating informa-
tion on price, open interest, and volume of futures contract trading into one unit.
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Markov processes can be used to study the nature of sequences of events ranging
from purely random to purely deterministic (Davis, 1973). In this procedure, expec-
tations about future market conditions can be based on historically determined
probabilities of moving from one state or condition of the market to another when
these conditions exhibit serial correlation.

A stochastic process is essentially a series of random variables which represents the
behavior of a system over time. Unlike deterministic models, stochastic models take
into consideration the fact that the system or process being described cannot be pre-
dicted with absolute certainty. Application of stochastic processes to the technical
analysis of futures trading was introduced by George Lane (Murphy, 1986). Lane’s
application is based on the observation that, as prices increase, closing prices tend to
be nearer the upper end of the price range. Conversely, in downtrends, the closing
price tends to be near the lower end of the range. The intent of Lane’s trading system
is to determine where the closing price lies in relation to the price range for a given
time period. That is, Lane’s stochastic process measures where the closing price is in
relationship to the total price range on a scale of 0-100.

A Markov process is a type of stochastic or probability process in which only the
current random variable is used to describe the behavior of a system over time.
Little is published in the area of applying Markov analysis to futures price forecast-
ing. McKallip (1986) presents a general format for applying such an analysis and
testing its results. He examines weekly price charts for 19 commodities from 1970-
1979 for obvious pattern formations. These formations or states, varying in both
duration and magnitude, are assigned subjectively, and a transitions matrix (i.e., a
tabulation of transitions between states) is created to represent the historical num-
ber of transitions between each state and various other states. A probability matrix
is then calculated to describe the initial transitions matrix. This calculated transi-
tions matrix is compared by means of a chi-square test to an expected-value matrix
representing transitions which are expected due to random chance. Reported
results for the 1970-1979 period indicate that transitions among states are not due
to random chance at the 0.05 significance level. Presence of systematic elements
in futures behavior is a necessary condition if a Markov process is to offer any
predictability.

A Markov approach to three stock market states was developed by Pariseau
(1980) using quarterly Dow Jones Industrial Averages from 1928-1979. The states of
nature are defined as increasing, decreasing, or stagnant, with an 8% change being
the criterion. The transitions between market states are modeled as a Markov pro-
cess and, when used in conjuction with parametric decision models and a Bayesian
probability updating model, yield profitable results.

While Markov processes may be used to describe random systems (Davis, 1973),
the description of a random system offers no information as to the development of
the system, but only its composition. For example, if market conditions behave ac-
cording to the Random Walk Theory (Samuelson, 1965), a Markov process could
evaluate the amount of time the market is likely to spend in various conditions, but
not the probability of correlation between conditions.

Tests for the presence of systematic elements in futures prices produce varying
results depending upon the use of different time periods, research techniques, and
other study-specific features (Garcia, Hudson, and Waller, 1988). Hudson, Leuthold,
and Sarassoro (1987) perform turning point and phase length tests on futures price
changes, rejecting the randomness hypothesis in only 13% and 14% of the observed
cases, respectively. The results of their study also indicate that price changes are
more likely to be characterized by trends than reversals, that futures prices adjust
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efficiently to new information, and that futures prices adjust more efficiently since
the 1973-1975 period. Hudson et al. (1987) assert, “If futures price changes follow a
random walk, ...one can not consistently use past prices to predict future price
changes accurately. Technical analysis schemes based on price trends and periodic
price behavior will therefore become less effective for trading” (p. 295). Taylor
(1985) rejects the random walk hypothesis as applied to futures prices. On the other
hand, Tomek and Querin (1984) demonstrate, through simulations, that a price se-
ries generated by a random walk process could have “systematic components” over
a finite period. The implication is that technical analysis applied to such a series
can be profitable.

Evaluation of forecasting techniques generally includes out-of-sample profits. For
example, Lukac, Brorsen, and Irwin (1988) evaluate the simulated trading of 12
technical systems for a portfolio of 12 commodities from 1978-1984 to test for mar-
ket disequilibrium. They prefer the moniker “disequilibrium,” rather than the more
ubiquitous “efficiency.” The differentiation between terms relates to information.
Market efficiency, as defined by Fama (1970), implies that current prices reflect all
available information. Short-run market disequilibrium, on the other hand, implies
that prices do not adjust quickly to information shocks. Lukac et al. find evidence
of disequilibrium and positive net returns. Many other studies [see Lukac et al.
(1988) for an extensive list] also simulate trading with a specified decision rule and
find that profits do exist. The convenient framework utilized by Lukac et al. to
evaluate technical trading systems is used here to evaluate a Markov indicator.

The premise of this article is that there is a systematic relationship between
states composed of price, volume, and open interest changes for futures contracts.
This study examines the feasibility of using a Markov indicator to improve trader
profitability. The specific objectives are to develop a Markov technical indicator for
soybean futures that incorporates price, volume, and open interest information, and
to evaluate the Markov indicator under the Lukac et al. (1988) criteria.

3A MARKOV INDICATOR

Stochastic processes, including Markov processes, are made up of a parameter
space and a state space. The parameter space consists of all the possible values of
the indexing variable, time. If the indexing variable is reported in discrete time
units, then the process is said to have a discrete parameter space. If the indexing
variable is continuous time, then the parameter space is said to be continuous, as
the value of the parameter space may cover a range of possible values. The state
space describes all the possible values the random variable may assume. It also may
be discrete or continuous, depending upon the characteristics of the variable. A
process defined by both a discrete parameter space and a discrete state space, as in
this application, is referred to as a discrete-time Markov-chain.

In general, a Markov-chain X, X>, ..., with m states numbered 1, 2, 3,...,m, is
specified by a transition probability matrix, P:

Py Py ... Pn

P21 Pzz sz
P =

Pn P, ... Punm
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where F; is the probability of going from state i to state j in one transition. Since the
Markov chain has the Markov property, the future development of the process de-
pends only upon the current state. Therefore, the transition probability matrix, P, is
sufficient to completely describe the future development of the process (Seila, 1987).

The potential for using a Markov process to describe behavior of futures prices is
evident once a set of discrete states describing possible market conditions is defined.
McKallip (1986) defines 12 market states based upon commonly observed price pat-
terns, such as flags, trends, triangles, and wedges. These states vary in both duration
and magnitude and are subject to multiple interpretations. The determining factor
when a pattern encloses other patterns is to pick the one that is “best formed.”

For purposes of this study, market states are defined not only as a function of
price changes, but of volume and open interest changes as well. Volume is used by
technicians as a “measure of intensity of buying and selling pressure. ... Changes
in this volume pattern often warn of a reversal in trend before it actually happens”
[Jiler (1962), p. 33]. Open interest is used as a “measurement of conflicting opin-
ions. .. the willingness of longs and shorts to maintain opposing positions in the
market” [Belveal (1985), pp. 75, 76]. Changes in open interest quantify differences
of opinion among market participants as to continuation of trends or changes in di-
rection of price movements.

First differences in closing price, volume, and open interest are assigned either a
positive or negative value indicative of an increase or decrease in that variable.
Table I depicts the definitions of the eight states used to describe market conditions
for this analysis. Sensitivity analysis is performed by examining market states
which exist over several different time periods to gain insights into which length of
time is the most relevant for forecasting. Tests are performed on changes in market
conditions over four-, nine-, and 18-day intervals. These are the most commonly
used intervals by charting services. Three-, five-, ten-, and 20-day intervals are
used also, but those results are not presented here. No attempt is made to optimize
the interval parameters. For purposes of comparison with other indicators used by
professionals (¢.g., moving averages), only the four-, nine-, and 18-day interval indi-
cators are presented.

After states are defined and assigned, a transitions matrix is constructed which
gives the historical number of transitions from each state of the market to every

Table 1
MARKET STATES AS DEFINED BY
CHANGES IN PRICE, VOLUME, AND OPEN INTEREST VARIABLES

State Price Volume Open Interest

Direction of Change

1 > < <
2 > < >
3 > > <
4 > > >
5 < < <
6 < < >
7 < > <
8 < > >

Note: > indicates an increase in the level of a variable; < indicates a decrease in the level of a
variable.
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other state. Defining states as uniform-interval, discrete time periods rather than as
pattern formation periods is more useful in decision criteria for entering and exiting
a market because timing is critically important and states of widely varying dura-
tion are of little use.

The initial transitions matrix is converted into a probability matrix by dividing
each element in the matrix by its row total. This probability matrix is referred to as
a one-step probability matrix, because it gives the probability of going from each
state to every other state in one step. From the transition probability matrix, a fore-
cast may be generated using the transition state with the greatest probability. Of
course, returns result from price changes, not from volume and open interest
changes. Nevertheless, the Markov indicator incorporates this extra information in
a concise and consistent format. The decision rule for the indicator used in this
analysis is simple and straightforward. If the forecasted state includes an increasing
(decreasing) price component, then a buy (sell) position is taken or held.

PROCEDURE

An in-sample Markov indicator is used to forecast out-of-sample November soy-
bean price movements. For example, data from 1970-1977, on the November soy-
bean contract, are used to develop the 1978 forecast. Successive forecasts
incorporate the preceding year data to regenerate a forecast for the following year.
Thus, the forecasts are adaptive.

The procedure used to evaluate the Markov indicator (MI) follows that of Lukac
et al. (1988). The hypothesis that gross returns from using the MI are positive is
tested using a one-tailed t-test. Furthermore, the same hypothesis for returns, which
takes into account transactions costs, is also tested using a one-tailed ¢-test. Using a
t-statistic assumes a normal and independent distribution of monthly returns. Previ-
ous research shows that daily futures price changes are not normally distributed
(Mandelebrot, 1963, 1966). But Lukac et al. (1988) use a Kolmogorov—Smirnov (KS)
test to test the distribution of monthly returns from technical analysis for normal-
ity. Their tests do not reject normality at a 0.1 significance level. An additional po-
tential problem with the r-test is positive autocorrelation of returns (Gardner, 1982).
If it exists, the strength of significance may be overstated using the t-statistic.
Again, Lukac et al. (1988) calculate first-order autocorrelation coefficients to detect
overstated significance levels. Both the KS test and the calculation of first-order
autocorrelation coefficients are performed in this analysis.

To adjust returns for risk, the Jensen (1968) approach is used. The model (Lukac
et al., 1988) is:

E(R)) = a;, + B.R), + e 0y

where E(R;) is the monthly return of the Markov indicator; R} equals E(R,, — Ry),
where R, is represented by the returns to the Standard and Poor’s 500 Stock Index
as computed by Ibbotson Associates (1989), and Ry is Ibbotson Associates’ reported
30-day U.S. Treasury bill returns. Since capital invested and held for margin calls
could be invested in 30-day U.S. Treasury bills, a risk-free rate is not subtracted
from E(R;) in this study, and R} in eq. (1) is represented by R,,. To determine if
returns exist above returns to risk, the intercept term a; is tested to determine if it
is significantly greater than zero. Data used in this study are from the Dunn and
Hargitt Commodity Data Bank, a computerized history of daily market conditions
for over 30 commonly traded commodities futures contracts. Daily closing prices,
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volumes, and open interest for the November Soybean futures contract are used for
the years 1970-1989.

MARKOV RESULTS

A chi-square test is performed to test for independence of transitions between
states. Chi-square tests are performed on the four-, nine- and 18-day time-lag tran-
sitions series. As described by Ott (1984), chi-square tests are basically of two types.
The first type, a chi-square goodness-of-fit test, compares the distribution of data
to some assumed distribution, e.g., normal,Poisson, etc. The second, a chi-square
test of independence, tests whether the row-classifying variables act independently
of the column-classifying variables. Since the states used to classify market condi-
tions are each separate and distinct, and do not form a continuous scale for which
a distribution may be assumed, the test of independence seems more appropriate.
The chi-square test of independence tests the null hypothesis that row- and column-
classifying variables act independently of one another against the alternative hy-
pothesis that dependence exists.

Expected and observed values for the four-day time lag for the 1989 forecast,
which uses 1970-1988 data, as well as each cell’s contribution to the overall chi-
square and P-values, are shown in Table II. The hypothesis of independence is re-
jected, as indicated by an overall chi-square value of 1000.3 for the 1989 four-day
interval test, 1029 for the 1989 nine-day interval, and 876.3 for the 1989 18-day in-
terval. The overall chi-square value is the sum of the individual chi-square values
for each cell. The P-value is the probability of observing a chi-square statistic with
49 degrees of freedom that is as great or greater than the critical chi-square value.
One would reject the hypotheses of independence any time the desired significance
level is larger than the P-value. Thus, the hypothesis of independence can be clearly
rejected, and one can accept dependence in transitions between market states, based
on P-values of 0.0. This result is consistent for all the years used in the analysis.

Tables 111, IV, and V present the forecasted states, given a particular state, for
four-, nine-, and 18-day period time lags, respectively. For example, given that the
November soybean contract is in state 1, with price up and volume and open inter-
est down, the Markov-forecasted state four days in the future for 1978 is state 4,
with continuing upward price movement. With these forecasts, out-of-sample accu-
racy is evaluated. Using the adaptive Markov indicator, the 1978-1989 November
contracts are used for out-of-sample testing (Tables 111, I'V, and V).

Correct forecast rates are presented from two perspectives. The first perspective
is strict in the sense that the exact future state must be correctly forecast. The sec-
ond perspective is more pragmatic and tracts whether the forecasted state is correct
with respect to the direction of the price change. For instance, if the market is in
state 1, the forecast is state 4, and the next actual state is 2, then in a strict sense
the forecast is incorrect. Yet the forecast of the important outcome is correct in that
the correct price change direction is forecast (an increase). For the four-day Markov
indicator, state-to-state forecast rate averages 0.22, while the state-to-price forecast
rate averages 0.51. In 1979 and 1988, the state-to-price forecast rate is 0.59 and 0.62,
respectively, while it is 0.43 in 1981 and 1986.

When a simplified trading rule is enacted based on the four-day Markov indica-
tor, the results are impressively supportive of the hypothesis that incorporating
market activity (volume) and participation (open interest) information can improve
price movement forecasts. The rule specifies taking and holding a one-contract
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Table 11
TRANSITIONS, EXPECTED TRANSITIONS, AND CHI-SQUARE RESULTS
FOR NOVEMBER SOYBEAN FUTURES USING FOUR-PERIOD TIME-LAG RESULTS,
(1970-1988)

State (t+ + 4)

State (¢ 4 5

No. of Transitions

1 Observed 35 34 50 62 29 28
Expected 2485 52775 22.89 7622 3451 4796
Cell chi-sq. 4.15 6.67 32.11 2.65 0.88 8.30

2 Observed 18 93 37 262 28 79
Expected 5291 11231 48.73 16228 7348 102.10
Cell chi-sq. 23.03 332 282 6128 2815 5.23

3 Observed 47 29 38 28 79 34
Expected 2296 4873 21.14 7041 31.88 4430
Cell chi-sq.  25.19 799 13.44 2554 69.63 2.39

4 Observed 57 216 37 235 100 216
Expected 76.45 162.28 7041 23448 106.17 147.53
Cell chi-sq. 495 1778 15.85 0.00 036 3178

5 Observed 48 36 64 89 54 31
Expected 3447 7317 31.75 10573 4787 6652
Cell chi-sq. 531  18.88 32.76 2.65 078 1897 .

6 Observed 24 79 45 197 27 78
Expected 48.17 10226 4437 14775 6690 92.96
Cell chi-sq. 12.13 529 001 16.42  23.80 2.41

7 Observed 65 45 25 28 89 44
Expected 2558 5430 2356 7846 3553 49.36
Cell chi-sq.  60.75 1.59 0.09 3245 8049 0.58

8 Observed 48 194 19 148 69 150
Expected 56.62 120.20 S52.15 173.68 78.64 109.27
Cell chi-sq. 131 4531 21.08 3.80 118 1518

Overall chi-square, 1000.3; P-value, 0.0; degrees of freedom, 49.

market position based on the Markov indicator at the beginning of a time-based
period. That position is closed out when the MI signals a reversal and a new one-
contract market position, based on the new time period state and Markov indicator,
is opened. This process repeats itself from November—-November of the contract.
For example, trading begins on November 1, 1988 for the 1989 November contract
and ends on October 31, 1989, The gross monetary trading results of this strategy
for the four-day MI totals $40,736.50 over the 12 years of the study, while the
annual average is $3,394.70. Representative transaction costs of $100 and $50
per roundturn are used to calculate net returns. For the four-day MI, these net
returns average $1,753.04 and $2,573.87 annually for the $100 and $50 roundturns,
respectively.
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A better perspective from which to evaluate the MI is gained by using rates of
returns. In this analysis, a 0.1 margin is considered the representative investment in
the contract. This (.1 margin is maintained throughout trading and is used to calcu-
late rates of return. As in the case of returns, both gross and net rates are calcu-
lated. The gross rate of return for the four-day MI over the 12-year study period
averages 78%, while the net rate for the $100 and $50 roundturns average 28% and
53%. It should be noted that an extremely profitable year in 1988 contributes
greatly to these returns and rates for the four-day MI.

The nine-day MI also appears to be a profitable technical trading tool from
1978-1989. The average gross rate of return is 38%, while the average net $100 and
$50 roundturn rates are 20% and 29%, respectively. On the other hand, results
from the 18-day MI are unprofitable, with average rates of return of —50% (gross),
—90% ($100 roundturn), and —58% ($50 roundturn).

To further evaluate the Markov indicators, tests are performed for normality and
autocorrelation of monthly returns. Both tests are important when using -statistics
to test for statistical significance. Table VI presents results from the above test
along with the monthly means and t-statistics for the three Markov indicators ex-
amined. The normality assumption for gross and net rates of return cannot be re-

Table VI
MEANS AND TEST FOR NORMALITY AND AUTOCORRELATION OF MONTHLY
RETURNS FROM FOUR-, NINE-, AND 18-DAY MARKOV INDICATOR (1978-1989)

Markov Indicator

Item 4-day 9-day 18-day
Normality®
Kolmogorov test statistic
Gross return (%) 0.084 0.093 0.089
Net return % ($100) 0.067 0.093 0.092
Net return % ($50) 0.073 0.091 0.093
Autocorrelation®
Coefficient (t-value)
Gross return (%) —-0.0381 0.1571¢ —-0.02208
(—0.4527) (1.89) (—-0.2610)
Net return % ($100) —-0.0376 0.1576° —0.02166
- (—0.4464) (1.89) (—0.2559)
Net return % ($50) -0.0380 0.1574¢ —-0.021907
(—0.4508) (1.89) (—0.2589)
Means®
t-statistic .
Gross return (%) 6.55° 3.16 —-4.24
' (1.41) (.62) (-0.82)
Net return % ($100) 2.37 1.65 —5.58
(0.51) 0.32) (—1.08)
Net return % ($50) 4.46 2.41 -491
(0.96) (0.47) (—0.95)

*“Two-tailed test.
*One-tailed test.
“Significant at 0.10 level.
YSignificant at 0.05 level.
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jected for any of the indicators at the 0.1 level. While all the rates of return for the
four- and 18-day MI exhibit no significant autocorrelation, the rates for the nine-
day MI exhibit significant autocorrelation. Thus, the significance levels of the
statistical test for the nine-day MI may be overstated. Except for the mean monthly
gross rate of return for the four-day MI, none of the means are statistically signifi-
cant at the 0.1 level.

Perhaps the t-statistic is not the most appropriate barometer of the success of a
trading tool such as a MI. A Henriksson-Merton (1981) test for the information
value of the four-day MI results in a confidence level of 0.82771 (a significance
level of 0.17229). Thus, the Henriksson-Merton test would fail to reject the null hy-
pothesis of no information value at the 0.17 level.

A simple four- to nine-day moving average (MA) forecast is used for comparison
purposes. The same trading rule was applied, in that a position is taken and main-
tained based on the MA forecast until a reversal is indicated. Then the one-
contract position is closed, and a new one-contract position is opened based on the
new forecast. Thus, the simulated trader is always in the market and encounters
more roundturns under the MA regime. Table VII presents the above cumulative
comparison. It is evident that both the four- and nine-day MI outperform the MA.

Performing the Jensen test on the four- and nine-day MI results in a significant
(0.1 level) intercept using a one-tailed test for the four-day MI (Table VIII). Thus,
for the four-day MI, monthly net returns (using $50 roundturns) are significantly
above a return to risk. The beta coefficient for the four-day MI is negative but in-
significant. This indicates that the rates of return from the four-day MI are nega-
tively correlated with stock market returns.

CONCLUSIONS

The Markov indicator used in this analysis of November soybean futures is based
on the historical probabilities of moving from one market state or condition to all

Table VII
COMPARISON OF RETURNS FROM MARKOV INDICATORS WITH
FOUR- TO NINE-DAY MOVING AVERAGE (1978-1989)

Markov Indicator

Moving
Item Average 4-day 9-day 18-day
Monthly average
(t-statistic)
Gross return (%) -2.58 6.55° 3.16 ~4.24
(—0.46) (1.41) (0.62) (—0.82)
Net return % ($100) -10.51 2.37 1.65 —5.58
(~1.81) (0.51) (0.32) (~1.08)
Net return % ($50) —6.55 4.46 2.41 -4.91
(—1:14) (0.96) (0.47) (—0.95)
Cumulative ($)
Gross return -12,075 40,736.50 29,000 —11,225
Net return ($100) —48,375 21,036 22,000 -17,025
Net return ($50) -30,225 30,886 25,550 -14,125

°Significant at the 0.10 level.
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Table VIII
REGRESSION COEFFICIENTS FOR TEST OF EXCESS RETURNS BASED ON
CAPITAL ASSET PRICING MODEL (1978-1988)

Independent Variable

Intercept S&P 500 Returns
Coefficient Coefficient
Markov Indicator (t-value) (t-value) R?
4-day . 0.0701° —0.9907 0.006
(1.33) (-0.92)
9-day 0.0420 0.1337 0.0001
(0.75) (0.12)

*Significant at 0.10 level.

other possible states. States are defined as combinations of directional changes in
price, volume, and open interest during a given interval of time. Previous studies
concentrate primarily on price levels or price changes alone, without directly con-
sidering underlying market conditions, participant behavior, and other supplemen-
tary information which may influence these changes.

The integration of volume and open interest into predicting price trend and major
turning point behavior offers advantages over analysis of price alone by allowing
traders to observe market reaction to various levels of price. For example, changes
in volume may help to confirm or reject market acceptance of some price level as
above or below perceived value. The implication here, for trading purposes, is that
certain market conditions are strong indicators of reversals. For instance, if price
and volume are increasing and open interest is decreasing (state 3), a reversal is
forecast by the four-day MI. This forecast is consistent with basic technical chart
analysis. Thus, the MI simply incorporates the three components of price, volume,
and open interest rates into one state, and observes the state changes over time.

The analysis offers support for the work by Hudson et al. (1987) and Tomek and
Querin (1984), who find trends to be more likely than reversals. It is inappropriate to
infer, from this analysis, conclusions about serial correlation of prices or price
changes such as those made by Hudson et al. (1987). But, this study does offer evi-
dence which strongly supports correlation in the market conditions defined herein;
i.e., directional price changes qualified by accompanying directional volume and
open interest changes. Information concerning this correlation of market conditions
may assist traders in evaluating market positions, improving timing decisions, and
making risk/reward decisions concerning place-and-lift, or selective, hedging.
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