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I. INTRODUCTION

The behavior of prices in continuous auction markets has been the subject of exten-
sive investigation during the past two decades. Most of this research has concentrated

on the day-to-day movement of prices and has ignored their intraday characteristics.
This study examines the transaction-to-transaction behavior of futures prices and tests

whether the behavior of prices is homogeneous over the life of a contract. In addition,
the study investigates whether price behavior during a given day is related to such vari-
ables as trading volume or open interest for that day.

II. PREVIOUS RESEARCH

Using the random walk model as a framework, the dependency characteristics of daily
and weekly commodity futures prices are studied by Houthakker (1961), Larson (1964),
Smidt (1964), Stevenson and Bear (1970), Leuthold (1972), Martell and Philippatos
(1974), and Cargill and Rausser (1975). With minor exceptions, serial correlation and
runs analysis tend to support the hypothesis that successive price changes are indepen-
dent. Only a small percentage of any price series is found to exhibit statistically signifi-
cant dependencies. .

The previously mentioned studies also use filter analysis to test a price series for senal
independence. Filter analysis consists of comparing the profits generated by some trad-
ing rule to the expected value of profits that could be obtained if the price changes are
random. Most previous studies assume that the maximum profit that can be obtained
when price changes are random is given by the profitability of the buy-and-hold rule.

No previous research analyzes the sequential structure of transaction-to-transaction
prices and relate it to maturity and the activity of the market. Such analysis is needed
because there may exist systematic patterns which are not apparent in the day-to-day
price series and because the individual transaction prices are the data actually reported to
traders when the market is open.
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Working (1954) and Marteil and Helms (1978) use transaction-to-transaction data and
find the presence of strong negative serial correlation. A possible explanation for this
large proportion of price reversals is suggested by Working (1954 and 1977) and Smidt
who maintain that market orders to buy and sell the futures are filled at the asked and bid
prices, respectively. If market orders are assumed to arrive at the market at random, prices
tend to alternate between the bid and the asked prices causing the reversal tendencies.

The present study uses transaction-to-transaction prices but differs from the previous
studies of intraday price behavior by examining each day separately. For each futures
contract, the price series is divided into its component daily series. The intraday behav-
ior of prices for each trading day is then individually analyzed. This eliminates the pos-
sibility of overlooking offsetting patterns that may occur if the price series is arbitrarily
linked. In addition, this procedure allows a comparison of the intraday behavior of
prices directly to the activity of the market and to the maturity of the contract and indi-
rectly to the behavior of the floor trader.

III. DATA AND STATISTICAL ANALYSIS

The data consist of transaction-to-transaction prices for 26 commodity futures contracts
traded between December 1975 and May 1978 on the Chicago Boar4 of Trade. The
commodities studied are wheat, corn, and soybeans-the three most active agricultural
commodities.

Table I provides a list of the contracts used in this study, along with the number of
trading days and total number of transactions for each contract. For the purposes of this
study, the delivery month is excluded from the set of observations. Thus, the data file
for the December 1977 corn contract contains 40,739 observations which represents a
complete record of every price change recorded during the life of that futures contract
with the exception ofthe delivery period.'

To examine the independence of successive price changes, serial correlation and runs
tests are performed. The price series for each complete contract is divided into daily
subseries and then the separate days are tested for the independence of intraday price
changes. Thus, for each contract, as many tests are conducted as there are trading days
in the life of that contract.

The results of the serial correlation analysis are also shown in Table I. For example,
the March 1977 wheat contract has 270 trading days. Forty-eight percent of the 270 serial
correlation coefficients are found to be significantly different fron zero at the .05 level.
Not ali are negative, however. Of all 131 significant correlations, 34 are positive and
97 negative.

As Table I shows, there is a large number of nonrandom days in each of the contracts
examined. However a considerable number of the significant coefficients are positive.

In addition, a strong and consistent pattern is^i^bserved in the behavior of prices
throughout the life of ail the contracts analyzed. There is a tendency for positive auto-
correlation at the beginning of the life of the contract and a tendency for negative auto-
correlation towards the end of the life of a contract. Thus, an important find of this
study is thai the behavior of price changes differs over the life of a contract. Possible
economic explanations for this pattern are offered below.^

'All iradmg days during which a limit move occurred arc excluded from the dala base. The daia base is pan
of an earlier study (Martell and Helms (1978)). However, there have been no substantive changes since in the
nature of the wheat, com, and soybean markets that limits the usefulness of this data or the conclusions of
this study.

^he results employing runs analysis are very similar and not reported here.
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IV. FILTER PROFITABILITY ANALYSIS
Significant serial correlation coefficients do not necessarily indicate the existence of un-
exploited profit opportunities. To determine whether such opportunities do, in fact, ex-
ist, a filter profitability analysis is conducted.

Filter analysis consists of comparing the profits obtained by mechanically applying a
trading rule to a sequence of prices against the profits obtained from buying and hold-
ing. If there are systematic patterns and the trading rule is sensitive to those patterns, the
rule is termed "'successfvii". However, a number of problems plague the use of filters. Of
these, two require special attention. First, the statistical properties of filter profits are not
well understood and biases can be easily introduced. The second problem is that no
probabilistic statement is every made about the likelihood of the results since usually
only one profit figure is obtained from a complete series.'

To circumvent these problems, following procedures are adopted. First, each contract
is divided into days. Second, a trading rule is applied to the price series for the first day
and a profit figure recorded. Third, the same trading rule is applied to the randomized
price series of the first day. A randomized price series is obtained by assigning a random
number to the sequence of price changes as they occurr and then reordering the sequence
according to the random number assigned. Fourth, a profit difference for the first day is
obtained by subtracting "random" profits (third step) from "actual" profits (second step).
This procedure is repeated for every day. Thus, a contract that trades 270 days has
270 profit differences. By assuming that these daily profit differences constitute a ran-
dom sample. This study tests that hypothesis the the mean of profit differences is equal
to zero with a paired r-test.

Two different types of filter rules are employed in the study. The first type of trading
ruJe, the inverse rule, assumes a contract is sold when the price moves up jc cents. The
short position is held until the price moves down x cents from the previous high, at
which time the short position is covered and a long position is taken. The long position
is he)d untii the price moves up x cents from the previous low, at which time the long
position is liquidated and a short created. This trading strategy is successful when the
data exhibits strong tendencies toward reversals.

The second type of trading rule, the adaptive model, changes the filter rule based
on the previous day's serial correlation coefficient. If the serial correlation coefficient
on day T-l is less than zero, the filter rule follows the reversal model described above on
day r. However, if the previous day's serial correlation coefficient is positive, then for
the current day's trading, the adaptive model takes and liquidates positions exactly oppo-
site to the rule outlined above."

Thus, if positive seriai correiation is detected on day T-l, the adaptive model uses a
trading rule on day T which is successful if there is also positive serial correlation on
day T. Similarly, the adaptive model uses the inverse trading rule on day T if a reversal
tendency is detected the previous day.

Results from the inverse and the adaptive filter models are generated using filter sizes
of $.005, $.01, $.015, $.03, and $.05 cents per bushel. The results using the inverse
rule are shown in Table II. The smallest filter size (half a cent) is the most successful in
all tests. This result is not unexpected because in active markets, a floor trader is often
ready to buy at slightly below the last price or sell at slightly above the last price, where
slightly is defined as, " . . .the minimum price change commonly occurring at that time

'See Praetz (1976) for a discussion.
*For a more complete discussion of the use of adaptive filter models, see Manell and Philippatos (1974).
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Table II
INVERSE FILTER RULE

DIFFERENCE BETWEEN PROFITS FROM ACTUAL PRICES VERSUS
RANDOMIZED PRICES

Contract

WMAR77

WMAY77

WJUL77

WSEP77

WDEC77

WDEC76

WMAR78

WMAY78

CMAR77

CMAY77

CJUL77

CSEP77

CDEC77

CSEP76

CDEC75

CMAR78

CMAY78

SMAR77

SMAY77

SJUL77

.005

17.3380
(.69)

-6.6946
(-.29)
26.7669
(1.30)
11.5818

(.87)
80.5429
(3.35)**

877.9076
(8.53)**
88.2102
(6.32)**
65.2059
(3.86)**

145.8266
(9.25)*
71.9392
(5.58)**

139.7469
(9.90)**
54.2542
(5.59)**

253.6953
(4.41)**

153.1741
(6.58)**

410.4002
(13.26)**
117.5926

(8.58)**
100.9728

(7.97)**
504.4476

(4.36)**
164.0676

(1.50)
864.0746

(4.87)**

.010

-11.9679
(-.62)

-35.9903
(-2.11)*
-6.1445
(-.37)
-8.0273
(-.85)

6.5922
(.64)

319.0489
(5.66)**
14.2045
(1.57)
4.2146
(.29)
4.5766
(.38)

15.0043
(1.28)
23.2955
(2.22)*

-2.5998
(-.32)
13.8002
(1.35)
19.0118
(1.30)
76.4081
(3.32)**
5.6944
(.65)

-3.3424
(-.48)

206.2734
(2.77)**

113.5790
(1.23)

964.4380
(5.56)**

Filter Size

.015

-42.8009
(-2.26)*

4.2271
(.30)

-5.0633
(-.37)

-14.1588
(-1.89)
-17.5639
(-1.92)

37.2283
(1.45)

-3.3617
(-.44)

-25.2155
(-1.36)
-22.0968
(-2.10)*
-10.9803
(-1.20)

2.0919
(.25)

-15.4937
(-1.90)
-29.6007
(-3.01)**
-1.2107
(-.09)

4.1502
(.27)

-17.1528
(-2.20)*
-16.7315
(-2.18)*

-114.7472
(-2.32)*
-3.3998
(-.05)

741.0853
(5.39)**

.030

-27.9167
(-2.17)*
-15.2778
(-1.41)
-12.7373
(-1.36)

1.8661
(.37)

-11.2454
(-1.99)

10.3967
(.53)

-11.7187
(-2.41)*
-9.1475
(-.96)

-18.3468
(-2.61)**
-13.1207
(-2.45)**
-15.6250
(-2.53)**

.7616
(.19)

-25.7984
(-4.19)**
-5.2683
(-.53)

-37.5247
(-3.42)**
-14.6528
(-3.18)**
-9.6304

(-1.98)*
-5.9457
(-.16)
10.6270

(.24)
241.9574

(3.35)**

.050

20.3472
(2.07)*
6.4915
(.91)

-.8439
(-.15)

4.2062
(1.43)

-4.6305
(-1.52)

3.4239
(.19)

-3.3826
(-1.36)

13.6734
(1.94)

-5.4839
(-1.05)

-.8776
(.21)

-6.8182
(-1.98)*

.2363
(.12)

-21.8294
(-5.47)**

.0327
(.00)

-28.4832
(-3.74)**
-6.7824

(-2.79)**
-2.0425

(-1.11)
10.7912

(.30)
-9.3648
(-.21).
77.8828
(1.37)

*p s .05.
**p s .01.
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Table II
INVERSE FILTER RULE

DIFFERENCE BETWEEN PROFITS FROM ACTUAL PRICES VERSUS
RANDOMIZED PRICES continued

Contract

SAUG77

SSEP77

SNOV77

SNOV76

SJAN78

SMAR78

.005

-197.9712
(-2.09)*

68.7808
(-.96)

2223.4123
(16.05)**

1873.0686
(11.12)**
533.9500

(4.67)**
418.6141

(4.16)**

.010

-119.5026
(-1.33)
-40.3941

(-.57)
1444.5312

(13.70)**
1557.6717

(10.00)**
243.7000

(3.17)**
76.3134
(1.29)

Filter Size

.015

19.1754
(.22)

-33.4360
(-.53)

644.7329
(9.56)**

811.1356
(7.11)**
90.2500
(1.35)
14.2210

(.38)

.030

-170.2225
(-2.32)*
-78.7562
(-1.28)
233.4425

(4.76)**
183.1813

(2.94)**
-4.6251
(-.11)
-8.8089
(-.27)

.050

-36.6492
(-.59)
36.3227

(.77)
49.4960
(1.09)
28.9700

(.61)
18.7750

(.47)
-44.9728
(-1.62)

*p s .05.
**p^ .01.

in the market." [Working (1977), p. 209] Thus, the price concessions that investors have
to make for liquidity usually are relatively small in active markets.

Table II shows that with the smallest filter size, 20 of the 26 contracts produce signifi-
cant means of profit differences at the .05 level. That is, in 77% ofthe contracts there is
a significant difference between the profits of the inverse rule when applied to actual
commodity price series and those obtained when the rule is applied to the random rear-
rangement of those series. Because the inverse filter rule is designed to perform well in
the presence of a reversal, its success is consistent with the tendency towards reversals
found in the other tests.

The results using the adaptive model are presented in Table III. For the smallest filter
size, all contracts have significant means of profit differences at the .01 level. The adap-
tive model produce much better results than the inverse rule. Except for 5 of the
26 contracts, the adaptive model has higher means of profit differences. The conclusion
from filter analysis is that the systematic patterns detected with serial correlation and
runs analysis can be translated into gross profits by a floor trader.'

V. THE BEHAVIOR OF INTRADAY PRICES AND THE ACTIVITY OF
THE MARKET
Transaetion-to-transaction price movements are dominated by temporary imbalances be-
tween supply and demand and by the way the floor traders absorb these imbalances. It is
argued below that the behavior of the floor trader is in tum affected by the volume of
trading in the market. Thus, the level of activity in the market affects the movement in
transaction-to-transaction prices.

'To determine whether the filter profits obtained constitute a market inefficiency, transaction costs, the cost
of capital, and the appropriate opportunity cost of the time needed by a floor trader to follow these strategies
would have to be included.
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Table III
ADAPTIVE FILTER RULE

DIFFERENCE BETWEEN PROHTS FROM ACTUAL PRICES VERSUS
RANDOMIZED PRICES

Contract

WMAR77

WMAY77

WJUL77

WSEP77

WDEC77

WDEC76

WMAR78

WMAY78

CMAR77

CMAY77

CJUL77

CSEP77

CDEC77

CSEP76

CDEC76

CMAR78

CMAY78

SMAR77

SMAY77

SJUL77

.005

186.5046
(8.17)

161.3225
(7.39)**

162.4209
(7.33)**
43.3945
(3.27)**

112.7053
(7.46)**

899.6467
(8.87)**

101.4678
(7.02)**

101.5086
(5.26)**

134.7782
(9.32)**
80.8861
(6.01)**

138.4556
(9.14)**
45.0105
(3.51)**

245.7117
(13.95)**
143.5537

(5.68)**
421.1709
(13.43)**
130.2315

(9.45)**
131.0798

(9.86)**
1032.3970

(10.16)**
1032.4324

(11.02)**
1815.9157

(12.18)**

.010

13.4954
(.67)

-12.1377
(-.64)

7.1466
(.40)
7.4941
(.71)

-4.4024
(-.38)

-182.8533
(-3.32)**
-30.6818
(-2.85)**

1.2931
(.07)

-11.9960
(-1.00)
-13.4632
(-1.16)

8.1095
(.72)

-20.4044
(2.32)*

-4.4480
(.42)
4.1558
(•23)

-23.7895
(-1.17)
-15.4167
(-1.89)
-15.3156
(-1.80)
287.9682

(3.89)**
421.4780

(4.67)**
1342.8294

(8.49)**

Filter Size

.015

2.6620
(.13)

-25.7246
(-1.63)

4.9051
(.32)
.5924

(.06)
6.0219
(.06)

11.7935
(.38)

-1.6098
(-.16)

-17.6964
(-1.26)
-11.5323
(-1.04)*
-1.4341
(-.14)

.3874
(.04)
2.2059
(.25)
3.6953
(.35)

-2.3233
(-.16)

-19.9111
(-1.27)

17.9861
(2.40)*
17.3152
(1.94)
12.0318

(.24)
-44.3607

(-.62)
197.5775

(1.30)

.030

-.6019
(-.04)
-2.8382
(-.18)
-6.7774
(-.53)

4.1765
(.65)
6.5009
(.85)

29.3207
(1.21)
-.3078

(-.04)
-11.1590
(-1.05)
-1.8952
(-.25)

9.7817
(1.48)

.3357
(.05)
.9716

(.18)
5.7710
(.82)

-18.2264
(-1.51)

19.4911
(-1.51)
-2.4306
(-.45)

1.9455
(.31)

62,0787
(1.48)

-14.9837
(-.30)

-96.8023
(-1.24)

.050

9.5139
(.81)

18.0857
(1.78)
11.1814
(1.28)
1.1256
(.27)

-5.8622
(-1.56)

2.1739
(.10)

-3.6932
(-1.00)
-1.3649
(-.18)

9.6774
(1.87)
2.2902
(.50)

-1.7045
(-.46)

5.0683
(2.11)*

-8.3714
(-2.05)*

-.7526
(-.08)

4.5208
(.49)

-.3935
(-.16)

.2918
(.11)

41.4560
(1.07)
12.5814

(.26)
-47.8924

(-.78)

*p s ,05,
**ps ,01,
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Table III
ADAPTIVE FILTER RULE

DIFFERENCE BETWEEN PROFITS FROM ACTUAL PRICES VERSUS
RANDOMIZED PRICES continued

Contract

SAUG77

SSEP77

SNOV77

SNOV76

SJAN79

SMAR78

.005

348.3639
(4.10)**

150.7389
(2.15)*

2283.5937
(16.73)**

1692.2747
(9.73)**

967.2500
(9.63)**

871.8297
(9.90)**

.010

153.3377
(1.98)*

-6.6502
(-10)

244.00272
(1.76)

1214.1094
(6.94)**

305.8000
(3.79)**

-1.7210
(-.03)

Filter Size

.015

30.6283
(.34)

-47.9064
(-.75)

-64.2389
(-.82)

-66.7650
(-.54)
35.1500

(.68)
30.2989

(.70)

.030

-47.6440
(-.70)
41.9335

(.70)
141.1542

(2.49)*
-117.0333

(-1.79)**
19.8750

(.46)
5.3216
(.15)

.050

77.0942
(1.01)

-83.6207
(-1.39)
-4.8387
(-.10)

-44.2060
(-.31)

-91.6250
(-2.39)*
-14.7645

(-.44)

*p s .05.

Because orders to sell tend to be filled at the bid price and orders to buy tend to be
filled at the offer price; transaction prices tend to jump between the bid and ask piices.
Such a pattem of trading produces the negative serial correlation reported in this study.
This suggests that futures contracts cannot be sold quickly except at a small discount and
cannot be bought quickly except at a small premium from their true equilibrium price.
The discount and premium are a liquidity cost to the investor and are the source of prof-
its that compensate the floor trader for the services provided and the risks taken.

Floor traders adjust the size of the bid-ask spread and, therefore, their compensation
as the risks change. Assuming a constant rate of arrival of unanticipated information, the
risks to a floor trader increase with the length of time he holds a position. This time is
longer in inactive markets and shorter in active markets. Therefore, active markets re-
duce the risk to a floor trader and, therefore, the size of the bid-ask spread is smaller.
Thus, in active markets, the large number of transactions causes prices to frequently
jump between a narrow bid-ask spread resulting in the "jiggles" (negative serial correla-
tion) found in empirical studies.

However, in inactive markets, the tendency for prices to jump between a wider spread
is not as easily observed. The longer the time between two transactions, the higher the
probability that the equilibrium price will have changed and, therefore, the location of
the bid-ask price will have moved. The longer the elapsed time between two transac-
tions, the more important the "information" effect (i.e., the change in equilibrium price)
becomes and the less important the "scalping" effect in determining the behavior of
prices.

The previous discussion argues for less negative serial correlation when a market is
less active but does not explain the positive serial correlation found at the beginning of a
contract's life. A possible explanation of this positive serial correlation is that, when
markets are relatively inactive, large orders to buy or to sell are broken into smaller or-
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ders and executed one at a time (with the hope of obtaining a better price). This can re-
sult in the price being driven gradually up (if orders to buy) or gradually down (if orders
to sell). These arguements lead to the hypothesize that the negative serial correlation of
prices increases as the market moves from inactive to active.* To test this relation em-
pirically, this study correlates the degree of dependency (as measured by the serial corre-
lation, runs and filter profits) with two measures of market activity: open interest and
trading volume. The results are shown in Table IV.

The results indicate that as the volume of trading activity increases, the incidence of
reversals increases. The correlation coefficients tend to be high. For example, correlat-
ing serial correlation and trading volume, the coefficients range from .2943 to .7757.
Similarly, using runs and trading volume, the correlation coefficients range from .5007
to .9177. Using filter profits, the correlation coefficients are smaller but still significant.
Thus, both the behavior of prices and the filter profitability are affected by the level of
activity of the market.

Trading volume tends to be a better explanatory variable than open interest. This is
not surprising since, as a rule, floor traders do not carry large open positions overnight.
The frequency of transactions and the consequent risks to the fioor trader do not depend
on the positions outstanding, but rather on the trading activity.

VI. SUMMARY AND CONCLUSION
Previous studies find the presence of negative serial correlation in transaction-to-
transaction price changes. This study finds, however, that by breaking a contract price
history into days the behavior of intraday prices for a given contract is not homogenous
over time. This study shows tfiat in every contract the intraday serial correlation gradu-
ally changes during the life of a contract fi^om small but significantly positive, to not sig-
nificantly different from zero, to strongly negative. Using filter analysis, it is shown that
the intraday patterns detected with serial correlation and runs analysis can be translated
into gross profits by a floor trader. Finally, strong relationship is found between intraday
behavior and the activity of the market. Specifically, the intraday serial correlation
moves from significantly positive correlation in inactive days to very strong and nega-
tive in the more active days of a contract's life. This relationship between price behavior
and the activity of the market is due to the behavior of the fioor trader, the nature of
spreads in agricultural commodities, and the market clearing process in organized fu-
tures markets.

These results should not be taken as evidence that the market is inefficient. To deter-
mine whether the filter profits obtained constitute a market inefficiently transaction cost,
the cost of capital and the appropriate opportunity cost of the time used by a floor trader
need to be included. Finally, it should be noted that while the results of this study are
not necessarily incompatible with the serially uncorrelated day-to-day price changes
found in other studies, they demonstrate that important patterns can be overlooked when
price series are artif/ciaJJy aggregated.

'This study uses agricultural commodities as its data base. One reason for using agricultural commodities is
that the calendar spreads are relatively less stable due to the old crop, new crop issue. The deferred months,
that is the newly listed contracts, in agricultural commodities are less directly tied to the active nearby contract
than in a contract such as gold (Williams (1986)). Thus, anyone trading the deferred months of an agricultural
contract may act very much like traders in a new futures contract. One of the author's experiences with new
contracts suggests that (arge orders are broken up and executed a piece at a time. Similar behavior on the part
of both locals and trade firms may explain the pattern of positive serial correlation found in the deferred
months of the agricultural contracts used in this study.
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