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INTRODUCTION

Cirma and Paulson (1998) show that certain petroleum futures spreads
exhibit a strong seasonality. This was especially true for .̂ :2:I eraek spread
(3 contracts crude, 2 contracts of unleaded gasoline, and 1 contract of
heating oil), 1:1:0 gasoline crack spread {I contract of crude oil and 1
contract of unleaded gasoline) and 1:0:1 heating oil crack spread (1 con-
tract of crude oil and 1 contract of heating oil). Buying (selling) the spread
at a seasonal low and holding for a specified time period was proBtahle,
although the numher of potential trades is limited. Oil producers and
refiners can and do trade petroleum futures spreads to hedge their re-
spective anticipated eash positions or to enhanee operating prof'itahility
well heyond seasonal eonsideration. Similarly, speculators can trade pe-
troleum futures spreads to profit from temporary relative mispricing he-
tween crude oil and its major refmed products. These risk arhitrage op-
portunities, if and when they oeeur, are not likely to he availahle for
extended periods of time hecause arhitrageurs will buy the cheaper eom-
modity and sell the expensive eommodities until the spreads are within
"normal" range.

Economic theory suggests that relative misprieing between input
prices and output revenue eould exist for short period of time, hut pro-
longed mispricing will force the producers (refiners) to cut production,
and therefore supply of end products, until output revenue and input
prices are in long-term equilihrium. Therefore, economic theory leads us
to helieve that there is a long-term pricing relationship between input
priees and output revenue where the spread will tend to converge to the
long-term average. Cointegration theory is extremely useful In estimating
and testing long-term equilihrium relationships among nonstationary as-
set priees and allows one to make a valid statistical inference. Several
studies have used theory of cointegration to test for long-run economic
relationships between two or more asset price series in different financial
markets. For example, in petroleum futures market Moosa and Al-Lough-
ani (1995) and Crowder and Hamel (1993) investigated the relationship
between crude oil futures and spot prices, using monthly ohservation,
and find that crude oil spot and futures priees are cointegrated. Similarly,
Sehwarz and Szakmnry (1994), using daily crude oil, heating oil, and
unleaded gasoline futures and spot prices, find that the petroleum spot
prices are cointegrated with tbeir respective futures prices. Other studies
in unrelated financial markets include, to list few, nonferrous metal,
Chowdhury (1991); foreign currency, Lai and Lai (1991); treasury futures
spreads, Park and Switzer (1996); and gold-silver spot and futures spread,
Wahab, Cohn and Lashgari (1994).
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Tbis artiele investigates several underlying long-term economic and
statistical relationsbips among petroleum futures spreads. Petroleum fu-
tures spreads may have provided, at least in the past, signilieant risk ar-
hitrage opportunities for traders. Profitable spread trades or risk arbitrage
situations, if any existed, will be found at the extremes. This study extends
the existing research in petroleum futures in several important ways.
First, cointegration theory is used to investigate several underlying long-
term eeonomie and statistieal relationships among petroleum futures
prices—specifically crude oil, unleaded gasoline and heating oil futures
prices. Seeond, this research develops a methodology based on moving
averages to identify extremes in petroleum futures spreads and develop
trading strategies based on tbese extremes. Third, the methodology uses
extremes as a basis to explore forms of risk arhitrage in relation to crack
spread, in particular 3:2; 1 crack spread, 1:1:0 gasoline eraek spread, and
1:0:1 heating oil crack spread. Finally, the article assesses tbe profitability
and risk-return relationship of the trading profits.

Our results are all positive. There are strong long-term relationsbips
among tbe tbree spreads, these relationships justify the use of moving
averages to measure the character of the spreads and to identify extremes
in the spreads, and these extremes lead to profitahle risk arhitrage op-
portunities in ihe spreads. The lindings oi tbis artiele are considerable
interest and importance to refiners and retailers who routinely want to
bedge both the input price and output revenue to loek in their profit
margin. It is also important for refiners and retailers who only want to
bedge their positions selectively when they believe the eraek spreads rep-
resent an attractive opportunity to lock in a higher profit margin. Finally,
risk arbitrageurs or speculator wbo are trading the spread to exploit rela-
tive mispricing. Traders can generate profits, and refiners and retailers
can hedge their positions more effectively. Therefore, the findings of this
paper are important to practitioners and researcher.

Spread trading provides risk arbitrage opportunities when relative
mispricing occurs among related commodity futures prices. Spread trad-
ing can also he used as a risk management tool. Refiners and retailers
ean hedge their positions effectively tbrough the use of spreads. Schrock
(1971) was among the first to theoretically justify, using the mean-vari-
ance approach, that spread trading and straddles are risk management
tools. He showed that it was rational to hold futures eontraets that may
have negative return in a portfolio as long as it redueed the overall risk
of the portfolio sufficiently. Poitras (1989) derived an optimal condition
for spread traders by assuming a trader maximizes bis expeeted utility
function tbat is defined over tbe mean and variance of the spread. In
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addition, he demonstrated that the optimal hedge ratio is independent of
a trader's attitude towards risk; although, the optimal eash and futures
positions are dependent on traders' risk preferences.

The literature on intercommodity spread trading is not large beeause
intereommodity spread relationships are complex. There is consequently
a laek of firm theoretical foundations to explain the bebavior of tbese
spreads. For this and other reasons,a number of researchers have con-
duetcd empirical studies to determine if there are profitahle trading op-
portunities in intercommodity spread trading. Some of tbese studies in-
cluded: treasury bills and treasury bonds (Jones, 1981; Easterwood and
Senchaek, 1986). gold (Rolfo, 1981), gold and Eurodollar turtles (Poitras,
1987), gold and T-bill spreads (Monroe & Cohn, 1986), municipal hond
and treasury hond (Arak, Fischer, Goodman. & Daryanani, 1987), index
futures (Billingsley & Cbance, 1988), soyhean complex spread (Jobnson,
Zulauf, Irwin, & Gerlow, 199!), gold-silver spread (Wahab. Cobn. &
Lashgari, 1994). spreads in agricultural futures (Barrett & Kolb. 1995)
and treasury futures spreads (Park & Swit/er. 1996).

Monroe and Cobn (1986), for example, investigated tbe relative ef-
ficiency of gold futures to T-bill futures. They used a 60 trading day mov-
ing average of the difference hetween the implied gold rate and T-bill rate
and the corresponding standard deviation. Appropriate positions will be
taken wben tbe difference moves outside of the average plus or minus
one standard deviation witb the expectation tbat it will return to tbe av-
erage. Tbeir investigation revealed tbat hetween 1976 and 1982 there
was a significant misprieing of gold futures relative to T-hill futures. They
consistently generated positive profits net of transaction costs sufficient
for a public trader to acbieve positive returns. Poitras (1987) also inves-
tigated the spread between the implied gold rate and the Eurodollar rate
using different trading strategies. He concluded that tbere were many
profitable opportunities, especially for large traders with the means to
monitor relevant market hehavior for profitable trades.

More recently, Jobnson, Zulauf, Irwin, and Cerlow (1991) studied
the soybean eomplex spread, in particular the "crush" spread ("erusb"
spread is tbe spread hetween soybeans and soyhean products, soybean
meal, and soyhean oil), covering the periods 1966—1988. Their trading
strategy was to go long on tbe "crusb" spread if the implied profit margin
is positive and take a reverse "crusb" spread if the implied profit margin
is less than zero. Their trading length was 1.5 months to 9.5 montbs from
maturity. They found that a trading strategy hased on a trading length of
5.5 montbs or greater leads to significant profits exceeding transaction
eosts, and that trades based on trading length of less than 5.5 months
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were unprofitahle. Finally, they concluded that traditional or routine
hedges of the soyhean complex will he unprofitahle, and tbat seleetive
spread trading strategies ean increase the average return or reduce the
variability of returns, or both, compared to a routine bedging strategy or
an unhedged cash position. Here, selective hedging of the soybean eom-
plex might be more accurately described as risk arhitrage between input
eost and revenue generated from the output.

DATA

The data used in modeling and testing the eraek spread relationsbips
consist of daily futures prices of crude oil and heating oil contracts from
April 1983 to December 1994, and the unleaded gasoline contracts are
from December 1984 to Deeember 1994. Unleaded gasoline fijtures eon-
traets began trading at tbe NYMEX in Deeember 1984. "3:2:1 Crack
Spread" relationships and trading results are hased on data from Decem-
ber 1984 through Deeember 1994. Similarly, "1:1:0 Gasoline Craek
Spread" relationships and trading results are based on data from Decem-
ber 1984 through Decemher 1994. Finally, the "1:0:1 Heating Oil Crack
Spread" relationships and trading results are hased on data from April
1983 through December 1994. Our data source is Dow Jones Informa-
tion Services.

First, a single time series used to analyze the unit root and cointe-
gration properties of crude oil, unleaded gasoline, and heating oil is cre-
ated by taking daily closing prices for one montb from each contract that
is deliverahle in two months. Specifically, for each trading month the daily
closing prices are collected from a contract that is deliverable in two
months; and on the first day of the next trading month it will he rolled
over to the next contract that is deliverable in two months. For example,
if the trading month is February, the daily closing prices would he coi-
ieeted from the eontract tbat is deliverable in April, and on the first day
of March it will be rolled over to the contract that is deliverable in May.
The choice of two-month eontraets provides a high degree of liquidity
and at the same time avoids tbe volatility known to exist wben futures
eontraets reaeh their delivery month. On the other hand, all traded crack
spreads contract month data are used to develop the moving average
methodology to identify extreme spreads and trading strategy. Using al!
traded craek spread contraet months would provide more information and
reduce the length of the moving average window. This would also be
eonsistent with how traders or speculators and hedgers will do in reality—
that is, observe all traded contract month spreads to get as much infor-
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mation as possihle to identify relative mispricing. Throughout this article
the contract month refers to the delivery month of the contract; for ex-
ample, the April 1992 crude oil contract refers to the crude oil contraet
that is deliverable in April 1992.

Because crude oil prices are quoted in terms of dollars per barrel,
whereas unleaded gasoline and heating oil priees are quoted in terms of
dollars per gallon, it is necessary to convert all three quotations into the
same unit of measure. Therefore, all prices are measured in dollars per
barrel, and there are 42 gallons per barrel. The computations of the vari-
ous eraek spreads are as follows:

3:2:1 Craek Spread (CS), = - HU, + - HO^ - CL, (I)

1:1:0 Casoline Crack Spread (GCS)i = HU, - CL, (la)

1:0:1 Heating Oil Craek Spread (HOCS), = HO, - CL, (Ib)

Where the symbols HU,, HO, and CL, refer to unleaded gasoline, heating
oil, and crude oil eontraets, respectively. The suhscript t refers to the time
position in the time series; for example, CL, is the closing price of crude
oil contraet at time t.

METHODOLOGY

Cointegration is used to analy/e the long-term equilibrium relalionsbip
hetween crude oil, unleaded gasoline, and beating oil futures prices. If
crude oil, unleaded gasoline, and heating oil futures prices are cointe-
grated and have stationary cointegrating regression residuals, tben forms
of tbe spreads are also stationary. Furthermore, this suggests tbat the
eraek spreads will not deviate without bounds and will revert to the "nor-
mal" levels. On the other hand, if the futures prices of crude oil, unleaded
gasoline, and beating oil are not eointegrated, then tbe crack spreads ean
deviate without bounds and using these spreads as risk management tool
or as speculative vehicle will be questionable. Therefore, eointegration
among tbese petroleum futures prices will make it possihle to use statis-
tieal tools such as the moving average and tbe corresponding standard
deviation for determining extremes. The extremes in turn can then be
used as a basis for trading strategies and to explore risk arbitrage oppor-
tunities in crack spreads. Therefore, a moving average and its standard
deviation will be used to identify relative mispricings that eould be
exploited.
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Test for Unit Root and Cointegration

For crude oil, unleaded gasoline and heating oil futures priees to be eoin-
tegrated, the futures priee series of eaeh of these eommodities must: (i)
be nonstationary at price level, {ii) have the same order of integration,
and (iii) have stationary cointegrating regression residuals. Therefore, the
test for eointegration of erude oil, unleaded gasoline, and heating oil
requires first testing for unit roots in each series and then determining if
crude oil is eointegrated with unleaded gasoline and heating oil. If these
series are cointegrated, it implies tbat there are long-run equilibrium re-
lationships among these petroleum futures markets, then the spreads
should converge to the long-term average.

Test for Unit Hoots

The Augmented Dickey-Fuller (ADF) and Phillips-Perron 2^ test (Phillips,
1987; Phillips 8f Perron, 1988) are used to check for unit roots in crude
oil, unleaded gasoline and heating oil futures prices. The ADF(p) statis-
tics uses the Ordinary Least Squares (OLS) regressions, eq. (2), to test
for unit roots for each of tbese petroleum futures prices.

(2)

Tbe Phillips-Perron statisties uses tbe residuals of the Ordinary Least
Squares (OLS) regressions, eq. (2a), to test for unit root in these
commodities.

^kt = O!k2 + Pki^ki-[ + f^kii (2a)

where X and AX are tbe futures priee series and first difference of the
series respectively; and the subscript k refers to the series under investi-
gation. Tbe lag length P for individual futures priee series is selected
hased on the Schwar/'s (1978) information criterion and tbe optimal lag
length for crude oil, unleaded gasoline and heating oil are lags 8, 1 and
1 respectively. The null hypothesis in eq. (2) is that tbe series has a unit
root and the alternative is that it is stationary. The null hypothesis will be
rejeeted in favor of tbe alternative if the t-statistic on the coefficient li\^\
exceeds tbe critical values in Fuller (1976). Similarly, Pbillips-Perron test
uses the residual from eq. (2a) to test if tbe series bas unit root. The null
hypothesis of a unit root will be rejeeted in favor of the alternative if the
Z, statistics exceeds the eritieal values in Fuller (1976). Phillips-Perron
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TABLE I

Unit Root f est for Petroleum Futures

Crude Oil

Unleaded Gasoline

Healing Oil

Lag ip)

4
6
8
1
4
1
4

Panel A: ADF Test

-2.387
- 2.645
-2.154
-2.977^
-2,811"
-2.400
-2,419

Panel B: PhUlips-Perrnn Test

-2.397
-2.338
- 2.296
- 2.895"
- 2.933"
-2.320
-2.324

Cnlical Values are Irom Fuller (1976). ^Signifjcanl at 10% level. "Significant at the 5% level.
Lag P for individual series are selected based on the Schwarz's (1978) information criterion and the optimal lag length for
crude oil, unleaded gasoline and healing oil are lags 8. 1 and 1 respectively.
The data cover the periods from April 19S3 to November 1994 for crude oil and heating oil, and from December 1984 to
November 1994 for unleaded gasoline and includes all contracts that were deliverable through December 1994.

test is more robust because it aecounts For the departure of tbe errors
from iid normal distribution. Tbe results of tbe unit root test are also
robust to lag lengtb speeification.

Table 1 sbows tbe results of Augmented Dickey-Fuller {ADF) and
Phillips-Perron (Z,) test for crude oil, unleaded gasoline and heating oil
futures prices. Results of unit root test in botb Panel A and Panel B sbows
tbat the null hypotbesis of a unit root can not be rejected for crude oil
and beating oil futures prices at any conventional level of significance.
However, tbe null bypotbesis of unit root can he rejected at tbe 5% level
for gasoline futures prices but will not be rejected at \% level of signifi-
cance. Scbwar/. and Szakmary (1994), using futures prices adjusted for
interest carrying costs, found tbat all three petroleum futures prices had
a unit root, Tbis difference could he due to tbe adjustment in tbeir futures
price series. Similar results are also reported by Fhjihara and Mougoue
(1997) over tbe 1984-1993 sample period using tbe same tbree petro-
leum futures contracts as Scbwarz and Szakmary. Test for two unit roots
(not sbown here) was done and tbe null hypotbesis is rejected in favor of
single unit root for tbe three petroleum futures prices. Therefore, all tbree
commodities bave tbe same order of integration of one—tbat is, I( 1).

Cointegration Modeling and Testing

In tbe last section it was sbown that tbe tbree petroleum futures exbibit
random walk bebavior at the price level and are integrated of order one
[I( 1)]. Both ADF and Phillips-Ouliaris (1990) Cointegration test are done
to determine if there are long-term equilibrium relationships between
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TABLE II

Test for Coinlegration in Models 1. 2, and ^

CoiiHegratiiig Regressions Panel A: ADF Teat (tj Panel B: PbiUips-Otiliaris Test (tj

CL,= a^ + a, iHU), + a,(HO), + e,, -6.564 -100,975
/'

Ae,, = /)e,,., + 2 Mei,_,

Cl, = ((o + fi.iHU), + e^_, -4.682 -43.158

CL, = yo + y,iHO), + + e^, -5 .049 -69.721

Ae^, = p e3,,_, +

CrJIical values for f̂  statistics are from Engle and Yoo (1987) and critical values for t,, are from Phillips-Ouliaris (1990).
The data cover Ihe periods trom April 1983 to November 1994 for crude oi! and heating oil, and from December 1984 to
November 1994 for unleaded gasoline and includes all contracts that were deliverable through December 1994.

crude oil. unleaded gasoline, and heating oil. If these futures prices are
not cointegrated, then the spread can deviate without bounds and use of
the erack spread as a risk management tool or attempt to conduct prof-
itable speculative trade will be questionable. To investigate the three
crack spreads in eq. 1, la and, lb, the following cointegrating regression
models arc used to investigate these relationships:

Model 1: CL, = ao + aj iHU), + a, iHO), + e^ (3)

r
Aci, = peu-i + S (f>Aeu-i (3a)

Model 2: CL, = /?o + /A(HU), + e^t (4)

p

(4a)
t= 1

Model 3: CL, - 1/0 + y, iHO\ + + e^, (5)

r
2 (5a)

Table II shows the result of the cointegration test for Model's 1—3. Fiesults
for model 1 show that crude oil, unleaded gasoline and heating oil futures
prices are cointegrated. ln addition, when model I is normalizing on heat-
ing oil or unleaded gasoline (not shown in the table), the three futures
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TABLE III

Results of Unit Root Test for Crack Spreads

Panel A: ADF Test Panel B: Phillips-Perron Test

3:2:1 Crack Spread -5,515 -5.700
1:1:0GCS -4.705 -4.638
1:0:1 HCS -5.376 -5.818

Critical Values are from Engle and Yoo (1987)
The data cover Ihe periods Irom April 1983 to November 1994 for 1 0:1 HCS, and from December 1984 to November 1994
for 3:2.1 crack spread and 1:1:0 GCS and includes all contracts that were deliverable through December 1994.

prices are still cointegrated. Similarly results for model 2 and model 3
show that crude oil and unleaded gasoline arc cointegrated and crude oil
and heating oil are also cointegrated. Engle and Granger (1987), and
Bierens (1994, p. 207) indicated that there might he more than one coin-
tegrating vector when the numher ot variables is greater than 2. In the
case of petroleum futures contracts, there is not a unique input output
relationship between crude oil and it refined products. The input-output
relationship depends on the quality of crude oil, the refining technology
used and tbe seasonal demand for the refined products. In addition, the
NYMEX (1989) requires that on crack spread trades the total number of
crude oil futures contract(s) bougbt (sold) should equal the total number
of the refined products futures contracts sold (bought). In spite of this,
there is no reason to believe that the 3:2:1 crack spread, the 1:1:0 gasoline
crack spread and the 1:0:1 heating oil crack spread would not he
stationary.

However, because the aim of this paper is to investigate risk arbitrage
opportunities in these most popularly traded crack spreads it would be
prudent to validate that these spreads are indeed stationary. Table HI,
Panel A and Panel B, show the result of the unit root test of the 3:2:1
crack spread, 1:1:0 gasoiine crack spread, and 1:0:1 heating oil crack
spread. The null hypothesis that these crack spreads bave a unit root is
rejected at 1.0% level of significance and therefore tbe spreads are inte-
grated ol order zero. 1(0), and therefore are stationary as expected.

Since it was shown in Table III that tbe 3:2:1 crack spread, 1:0:1
gasoline crack spread and 1:1:0 heating oil crack spreads are stationary,
it would he reasonable to use a moving average and moving standard
de\'iations for determining extremes as a basis for developing trading strat-
egies. Moving averages were used by researchers to develop trading strat-
egies and for testing arbitrage opportunities and market efficiency in
other commodities market. Monroe and Cobn (1986) used a 60-day mov-
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ing average to examine the relative efficiency of gold future to T-bill fu-
tures. Wahab, Cohn, and Lashgari (1994) used various lengths of moving
averages and error correction model to study the gold—silver spread ar-
bitrage opportunities. Finally, Park and Switzer (1996) used 150-day mov-
ing average to develop trading strategy for treasury futures spreads.

Moving Averages

The moving average and its standard deviation are used to examine if
these crack spreads show an extreme departure from "normal." The ques-
tion is what should be the moving average window and how many stan-
dard deviations from the moving average constitute an extreme? Because
there are infinite combinations of moving average windows and units of
standard deviation, the n day moving averages and their respective stan-
dard deviations have to be determined empirically. Much preliminary
work was conducted to find reasonable window sizes. Since relative mis-
pricing should not persist for long period of time, we settled on 5-day and
10-day windows. Previous researchers used the single continuous time
series that were created to study tbe time series properties to also develop
their trading strategy. In this study, all traded craek spread contract month
data are used to develop the moving average methodology for determining
extremes in crack spreads and for developing trading strategy. Using all
traded crack spread contract month data would provide more information
and will reduce the length of the mo\ing average window. This would also
he eonsistent with how traders or speculators and hedgers vvill do in re-
ality—that is, observe all traded contract month spreads to get as much
information as possible to identify relative misprieing.

The moving average was designed to measure the overall level of
crack spreads for a given window of time by taking into account al! avail-
able information from all spreads that were observed during a given win-
dow. It is expeeted to be a representative of the long-term average spread.
The crack spread data is arranged in form of array, where the rows are
time and the columns are the contract months, as follows:

where Xik is the spread on day ( and fe is the contraet month (sueh as
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January) of the spread. The moving average and the standard deviation
of the crack spread are computed as follows:

K. = -^^^r^ (6)

( = 0

| i = K - I k= t

S I I = 0 fe = I / y \

n = I r^77-1 ( 6 a )

(=0

where «, the number of contract months traded on day t, X,, is the n-day
cross-sectional average and S,, is the cross-seetional and longitudinal
standard deviation (STD).

To use these averages and standard deviations to identify what would
be considered extremely large or small crack spreads, assumptions or tests
about the distribution of the crack spreads have to be made. It will be
assumed that the w-day average X^ is a random variable with expectation
E(XH) — (i and variance V(X,,) = a"/N. Then one can say that, hy the
central limit theorem, {X^ — ^i)^N/a is approximately normally
distributed.

The assumption that the crack spread has approximately normal dis-
tribution makes it possible to define what an extreme spread is. A spread
will be considered extremely low if:

Xmin,l — ^n ~ ^ S,, (7)

and extremely high if:

Xru...t ^ K + t-'^S,, (7a)

The parameters n, number of days, and c, the number of standard devi-
ation units, can be chosen by experimentation or arbitrarily; but once
selected are constant.

It is possible that on a given day, there may be more than one contract
spread that may meet the definition of extreme spread given in eq. (7)
and (7a). If a trader wishes to maintain only one open position at a time
or wants to open only one new position on a given day but will hold open
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multiple contracts simultaneously, then the trader will need additional
criteria to make the appropriate choice.

If two or more spreads meet the criterion of extreme in a given day,
then a trader will select the spread that has the greatest absolute differ-
ence from the average. For example, suppose the following situation is
observed on a given day:

m̂in.f — M̂ ~ c*S^ (Say, January contract) and

Xmax.t — ^n + "̂ '̂ Srt (Say, April contract)

Since both of these spreads meet the criterion of extreme spread oniy one
of the spreads will be selected for trading. As such, the trader will select
the contract month that meets the following additional criterion:

Max{|X,, - x^i^_, |,|X« - x^^J] (8)

Therefore, for any contract month spread to be considered extremely high
or low, and for a trader to initiate a long (short) position in the spread, it
must satisfy eqs. (7) or (7a) and equation (8).

In addition, the n-day moving average of the individual month crack
spread (X^̂ ) and standard deviation (S^J are computed and maintained.
The average and standard deviation of the individual contracts will be
used to determine exit criteria for long (short) trades. The moving average
and standard deviations for a given contract month k arc computed as
follows:

(9)
n

(9a)

TRADING STRATEGIES

The NYMEX has institutionalized oil spreads, since 1984, by permitting
crack spread trading as a single transaction. The only requirement NY-
MEX imposes on spread trades is that the total number of crude oil fu-
tures contract(s) bought (sold) should equal the total number of the re-
fined products futures contracts sold (bought).
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This section employs a moving average trading strategy to exploit any
extreme departure of the spread from "norm", as defined in the pre\ious
section. These strategies have two parameters that must be determined
either experimentally or arbitrarily by the decision maker, and these pa-
rameters are the length of moving window, n days, and the number of
standard de\iation units, c. There are an unlimited number of variations
of trades that could be developed and tested by changing these two pa-
rameters simultaneously or one at a time. The authors have experimented
with a number of variations of these parameters and selected the five and
ten days moving window and have chosen five values for the parameters,
c = ±1.5, ±1.75, ±2.0, ±2.25, and ±2.50 to enter both long and
short trades. In addition the authors selected one exit criterion for these
entry conditions, and the specifics are given below and described in the
exit criterion. When the spreads are X,, — cS^ ^ x^^, -^ X,, + cSn it is
considered to be within the normal trading range and no new positions
will be taken. However, if there were an open position that was taken
when the spreads were outside these bounds, it would remain open until
the exit criterion is met.

The following guidelines are part of the trading strategy and must be
observed in addition to trade entry and exit criteria. First, take only one
new long (short) position on any given day but can hold open multiple
contracts simultaneously. Second, maintain only one open position in a
given contract at any given time. This means that trader will not take
additional positions on a contract in which he has an open position, either
long or short, until the open position is closed. Third, all trades are
opened and closed at the closing spread of the day the trading criterion
is met. Finally, no new position will be taken on a contract within 20 days
of its expiration. However, if there is an open position on a contract, it
will be maintained until the exit criterion is met or the position will be
liquidated on the last trading day's closing spread.

1. Criteria to take a long position on a crack spread:

^minj ^ - î - cS» Wbere: c - - 1.5, - 1.75, -2.0, -2.25,

and - 2.50 and jX,, - x.^^^^ |>| X,, -

Taking a long position on a crack spread, for example 3:2:1 crack spread,
means: (a) buy two contracts of unleaded gasoline futures, (h) buy one
contract of heating oil futures; and (c) sell three contracts of crude oil
futures.

Criterion for Closing a long position:
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Exiting from a long or short position is based strictly on the relative po-
sition of the individual contract daily spread to its n-day moving average.
Closing a long position is the reverse of taking a long position on a spread.
That is also true for short positions in a crack spread.

Exiting from a long (short) position is hased strictly on the relative
position of the individual contract daily spread to its n-day moving aver-
age—that is, it depends on whether the spread for that day is greater than
or equal (less than or equal) to the contract's moving average. The ratio-
nale for using the individual contract moving average for exit criteria is
that:

/. The individual contract eould remain at ahove (below) the n-day over-
all average for the entire contract life, and thus if not monitored could
lead to a significant loss. For example, suppose a trader entered a long
(short) trade for a January 1986 contract spread in July 1985. It is
possible that this contraet spread could remain below X« for the re-
mainder of the contract life, but may go higher (lower) than the trade
entry spread. This necessitates the use of an individual n-day moving
average for exit criteria.

2. The overall average and standard deviation mask the variability of the
individual contracts. Therefore, once a new trade is entered, it is im-
portant to know the individual contract's behavior to ensure that losses
are minimized and potential profits are maximized. It is possible that
the individual contract behavior relative to its n-day average and stan-
dard deviation may not be attractive—that is, the position may be
losing. Thus, monitoringthebehaviorof the individual contract spread
is very important to allow an early exit from an undesirable position.

3. Criteria to take a short position on a crack spread:

X,, + cS« Where: c = +1.5, -hi.75. -h2.0. -H2.25.

and -H2.5O and \X^ - x̂ ĵ

Criterion for closing a short position:

The results ol these trading strategies will be provided in the next section.

RESULTS OF TRADING STRATEGIES

Profitability in the spreads trading is computed in the following way. Sup-
pose a trader is interested trading the spread between any three petroleum
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futures, say crude oil, unleaded gasoline, and heating oil, with their re-
spective prices of HU,, HO, and CL, at time t. Suppose further that a
trader is interested in taking a spread position and goes short 3 contracts
of crude oil and goes long 2 contracts of unleaded gasoline and 1 contract
of heating oil. The authors define this as taking a long position in a 3:2:1
crack spread (The NYMEX specification for one eontract of crude oil is
1.000 barrels, and one contract of heating oil and one contract of un-
leaded gasoline is 42.000 gallons each). If a long position in the spread
is taken at time t and closed k days later, the profit for this long position
(ni) would be expressed as:

- HO,) +

- CL,) (10)

where aj, a2, and a^ eould be the number of contracts long and short.
The computation for profit on the short spread trade is simply the negative
of equation (10).

Eq. (10) is used to compute the profitability of 3:2:1 crack spread,
and with minor modification it ean be used to compute the profitability
of the 1:1:0 gasoline crack spread and 1:0:1 heating oil crack spread. For
example, say a2 = 0. then eq. (10) can be used to determine profitability
of 1:0:1 heating oil crack spreads.

All profits in Tables IV, IVA, and IVB are measured in terms of dollars
rather than rates of return. These profits are based on the sale (purchase)
of three crude oil contracts and the purchase (sale) of an appropriate
number of heating oil and unleaded gasoline contracts, thus allowing a
direct comparison of the profitability of the three spreads. There are rea-
sons for choosing this approach. First, there is no agreement in the lit-
erature about what should be eonsidered the appropriate investment—
that is, is it the required margin or is it the required capital that should
be the basis for measuring returns? Another is that the above trading
strategy does not require maintaining an open position continuously—
that is, trade is initiated only when there is an attractive opportunity for
profitable trading, according to entry and exit criteria established earlier.
Otherwise no position is taken in the market. Measuring profits in terms
of rates of return requires making many assumptions which in the end
may produce a non-satisfactory measure. However, if required, one can
give a rough approximation of the rate of return for these strategies if the
maximum capital needed to trade for the entire period is known in ad-
vance. The maximum capital necessary to engage in crack spread trades
could be determined by examining the daily cash flows of each trade, and



Petroleum Futures Spread M 7

TABLE IV

Results of Moving Average Trading Strategies^
(Total Profitability of combined Long and Short Trades)

Total
Profits

3:2:1 Crack Spread
±1.50
±1.75
±2.00
±2.25
±2.50

$155,212
$144,663
$97,142
$51,257
$20,048

Prxifit
(S)

Panel A:

$281
453
552
589
557

1:1:0 Gasoline Crack Spread
±1.50
±1.75
±2.00
±2.25
±2.50

$138,959
$117,479
$68,199
$24,983
$12,967

$307
546
662
757
997

Sid.
Dev.

(S)
No. of
Trades

Avg.
day in
Trade

%of
winning
Trades

Sid.
error

of Mean

Profitability of Five Day Moving Average Trading Strategy

$920
827
870
929
946

$ 1,204
1.156

987
737
621

1:01 Heating Oil Crack Spread
±1,50
±1.75
±2.00
±2.25
±2.50

$226,972
$124,195
$74,563
$27,098
$4,603

3:2:1 Crack Spread
±1.50
±1.75
±2.00
±2.25
±2.50

$185,211
$143,598
$103,741
$57,706
$25,136

$305
409
802
934
767

Panel B:

$372
475
644
641
474

1:1:0 Gasoline Crack Spread
±1,50
±1.75
±2,00
±2.25
±2.50

$163,778
$118,250
$84,280
$33,755
$20,230

$402
550
826
703

1.012

$1,154
1,467
1.841
1,604
1,139

552
319
176
87
36

453
215
103
33
13

743
304
93
29
6

4.2
4.1

4.2
4.3
4.3

4,3
4,2
4.0
4,3
3.9

4.2
4.5
4.4
4.4
4,0

77.7
84.3
85,2
87.4
88.9

74,4
82.8
84.5
81.8

100,0

75.1
81.3
86.0
82.8
83.3

39.157
46.303
65.579
99.600

157.667

56.569
78.839
97.252

128.295
172,234

42,336
84.138

190,903
297.855
464,995

Profitability of Ten Day Moving Average Trading Strategy

$1,044
1,183
1,349
1,320
1,359

$1,213
1,433
1,378
1,157
1,272

1:0:1 Heating Oil Crack Spread
±1.50
±1.75
±2.00
±2.25
±2.50

$271,281
$157,654
$97,897
$59,383
$21,712

$429
569
906

1,485
1,447

$1,100
1,436
1,513
2,398
2,385

498
302
161
90
53

407
215
102
48
20

633
277
108
40
15

5,2
5.4
5,8
6,0
6,0

5,2
5.5
5,7
6.4
6,4

5.0
6.0
6,0
6.0
5.3

82.1
85,1
86,3
84,4
81.1

79,6
84.2
83.3
81,3
80,0

80.1
83,0
86,1
82.5
86.7

46,783
68.074

106,316
139,140
186.673

60.126
97.730

136.442
166.999
284,428

43.721
86.281

145.588
379.157
615.804

l-valtw

7.176
9.783
8.417
5.914
3.533

5.427
6,926
6,807
5.900
5.789

7.204
4.861
4,201
3.136
1.649

7,952
6.978
6,057
4.607
2.539

6.686
5.628
6.054
4.210
3,558

9.812
6,595
6,223
3.917
2.350

CV-'

3.274
1.826
1,576
1.577
1.698

3.922
2.117
1.491
0.974
0,623

3.784
3.687
2.296
1.717
1,485

2.806
2,491
2.095
2.059
2.867

3,017
2.605
1.668
1.646
1.257

2.564
2.524
1,670
1,615
1,648

"The trading results cover the periods from April 1983 to November 1994 for 1.01 heating oil crack spread (from December
1984 to November 1994 lor other spreads) and includes all contracts that were deliverable through December 1994. ''Entry
parameter C is the number of standard deviations away from corresponding n-day moving average. "CV is coefficient of
Variation
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TABLE IVA

Results of Moving Average Trading Strategies"
(Profitability of Long Trades)

Total
Profits

3:2:1 Crack Spread
-1.50
- 1 75
-2.00
-2.25
-2.50

$79,802
67,571
54.466
31,233
11.252

Avg.
Profit ($}

Std. Dev.

i$)

Panel A: Profitability of Five

$376
568
756
822
703

1:1:0 Gasoline Crack Spread
-1.50
-1.75
-2.00
-2.25
-2.50

$101,944
79,600
41,092

9,705
6,223

$502
780
790
647

1037

1:0:1 Heating Oil Crack Spread
-1.50
-1.75
-2.00
-2.25
-2.50

$152,254
77.320
25,486

6,278
1,161

3:2:1 Crack Spread
-1.50
-1.75
-2.00
-2.25
-2.50

$100,231
75,054
44,602
31,777
16,821

$498
729
910
785
581

$632
742
849
861
675

$927
1041
886
704
627

$759
809

1451
879
669

Panel B: Profitability of Ten

$484
620
697
883
991

1:1:0 Gasoline Crack Spread
-1.50
-1.75
-2.00
-2.25
-2.50

$105,274
75.786
42,623
19,450
10,440

$585
758
969
973

1,160

1:0:1 Heating Oil Crack Spread
-1.50
-1.75
-2.00
-2.25
-2.50

$171,745
96,313
42,749
13,318
4,664

$629
909

1.125
1,024

111

$747
846
945
954

1066

$948
1133
1134
1142
1613

$874
1106
1404
1274
833

No. of
Trades

day in
Trade

% nf
winning
Trades

Day Moving Average Trading

212
119
72
36
16

203
102
52
15
6

306
106
28
8
2

4.1
3.9
3.9
4.0
4,5

4.0
3.9
3.5
4.3
4.0

3.9
3.8
4.1
4.8
4.0

78.3
82.4
86.1
86.8
81.3

76.9
85.3
86.5
80.0

100

84.3
88.7
82.1
87.5

100.0

Sid.
error of
Mean

1 Strategy

43,406
68,019

100,056
139.673
168.750

65,063
103,074
122.866
181.772
255.972

43.389
78.577

274.213
310.773
473.054

Day Moving Average Trading Strategy

207
121
64
36
19

180
100
44
20
9

273
106
38
13
6

4.9
5.0
5.3
5.7
5.5

50
4.9
5.2
5.8
5.8

4,7
5.2
5.4
6 2
5.5

84.5
87.6
85.9
86.1
84.2

85.0
91.0
88.6
90.0
77.8

89.0
88.7
89.5
84.6
83.3

51.920
76.909

118.125
159.000
244.557

70.660
113.300
170.957
255.359
537.667

52.897
107.424
227.759
353.344
340.071

t'value

8.662
8.351
7.556
5.885
4.166

7.716
7.567
6.430
3,559
4.051

11.478
9.278
3.319
2.526
1.228

9.322
8.062
5.901
5.554
4.052

8.279
6.690
5.668
3.810
2.158

11.891
8.462
4.939
2.898
2.285

1.681
1.306
1.123
1.047
0.960

1,847
1.335
1.122
1.088
0.605

1.524
1.110
1.595
1.120
1.152

1.543
1.365
1.356
1.080
1,076

1.621
1.495
1.170
1.174
1.391

1.390
1.217
1.248
1.244
1.072

*The trading results cover the periods from April 1983 lo November 1994 for 1 0.1 heating oil crack spread (from December
1984 to November 1994 for other spreads) and inoiudes all contracts that were deliverable through December 1994. "Entry
parameter C is the number of standard deviations away from corresponding n-day moving average. "CV is coefficient of
Variation
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TABLE IVB

Results of Moving Average Trading Strategies"
(Profitability of Short Trades)

c'*

3:2:1
1.50
1.75
2,00
2.25
2.50

Total
Profits

Avg.
Profit ($)

Std. Dev.

i$)
No. of
Trades

Avg.
day in
Trade

%of
winning
Trades

Sid.
error of
Mean

Panel A: Profitability of Five Day Moving Average Trading Strategy

Crack Spread
$75,409
77.092
42,676
20,024

8.796

$222
385
410
409
440

1; 1:0 Gasoline Crack Spread
1.50
1.75
2,00
2.25
2.50

1:0:1
1.50
1.75
2,00
2.25
2.50

3:2:1
1.50
1.75
2.00
2.25
2.50

$37,016
37,879
27,107
15,278
6.745

$148
335
532
849
964

Heating Oil Crack Spreac
$74,717
46,875
49,076
20,820
3,442

$171
237
755
991
860

$1058
868
860
948

1121

$1370
1216
1074
771
663

i

$1348
1695
1994
1822
1406

340
200
104
49
20

250
113
51
18
7

437
198
65
21

4

4.3
4.1
4.4
4.6
4.2

4.5
4.5
4.5
4.3
3.9

4.4
4.9
4,5
4.2
4.0

ll.A

85.5
84,6
87.8
95.0

72.4
80.5
82.4
83.3

100.0

68.7
77.3
87.7
81.0
75.0

57.378
61.377
84.323

135.429
250,663

86.646
114.392
150.390
181.726
250.590

64.484
120,458
247.325
397.593
703.000

Panel B: Profitability of Ten Day Moving Average Trading Strategy

Crack Spread
$84,980
68.544
59,139
25,928
6.315

$292
379
610
480
186

1:1:0 Gasoiine Crack Spread
1.50
1.75
2.00
2.25
2.50

1:0:1
1.50
1.75
2.00
2.25
2.50

$58,504
42.464
41.657
14,305
9,790

$258
369
718
511
890

Heating Oii Crack Spreac
$99,536

61,342
55,148
46.066
17.047

$276
359
788

1,706
1.894

$1207
1357
1563
1503
1432

$1372
1634
1538
1149
977

1
$1224

1574
1565
2778
2994

291
181
97
54
34

227
115
58
28
11

360
171
70
27

9

5.4
5.6
6.1
6.2
6.2

5.4
6.1
6.2
6.9
6.9

5.2
6.5
6.4
5.8
6.1

80.4
83.4
88.6
83.3
79.4

75.3
78.3
79.3
75.0
81.8

73,3
79.5
84,3
81.5
88.9

70.756
100.865
158.699
204.532
245.586

91.063
152,371
201.949
217.141
294.577

64.511
120.367
187.053
534.626
998.000

t-value

8.662
6.273
4.862
3.020
1.756

1.708
2.929
3.537
4.672
3.847

2 652
1.967
3.053
2.492
1.223

4.127
3.758
3.844
2.347
0.757

2.833
2.422
3.555
2.353
3.021

4.278
2.983
4.213
3.191
1.898

CV

4.766
2.255
2.098
2.318
2.548

9.257
3,630
2.019
0.908
0.688

7,883
7.152
2.641
1.839
1.635

4.134
3.581
2.562
3.131
7.912

5,318
4,428
2.142
2.249
1.098

4.435
4.384
1.986
1.628
1.681

"The trading results cover the periods from April 1983 to November 1994 for 1:0:1 heating oil crack spread (from December
1984 to November 1994 for other spreads} and includes all contracts that were deliverable through December 1994 "Entry
parameter C is the number of standard deviations away from corresponding n-day moving average. -CV is coeffioient of
Variation
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by using the worst draw down of all the strategies plus the required initial
margin. Based on this analysis it was eoneluded that initial investment of
$75,000. for each tyjie of crack spread trade, will meet the capital re-
quirements and will provide a safety margin. A concise summary of the
total trading results, eomhined long and short trades, is given in Table IV.

Given the initial commitment of funds and the average profits per
trade, the average number of days in trade, and assuming a 252 trading
days, an estimated rate of return can be computed for each trading strat-
egy. For example, the lowest average profit per trade for the 3:2:1 crack
spread is $281, the 5-day moving average strategy when trades are entered
at ± 1.50 standard deviation. The approximate annual rate of return for
this profit is determined by first computing the daily return and then
converting it to annual return. The assumption is that the daily returns
will be compounded to arrive at annual rate of return-—that is, compound
annual rate of return is {(1 + Average profit/(Avg. No. of days in
Trade*Initial lnvestment))'^^ - 1}. Thus, the return of the lowest av-
erage profit for 3:2:1 crack spread is 25.19% {(1 + {281/
(4.2*75,000)))^''^ - 1}. Similarly, the lowest gasoline crack spread com-
pound annual rate of return was 27.10%, and the lowest heating oil erack
spread compound annual rate of return was 27.61%. These estimated
rates of return are before transaction costs. After transaction cost of $100
per round trade, the above returns will decline to 15.58%, 17.55%, and
17.82%, respectively. These returns are still very attractive and they are
a very conservative lower bound; because no consideration was given to
the return that idle funds could have earned, say, in a money market
account. Overall dollar profits of these trading strategies arc also reason-
ably attractive. Given an efficient market, any trading strategy should not
generate profits that are significantly greater than zero.

An alternative way to measure the attractiveness of the trading profits
is to determine if these profits are significantly greater than zero. A t-test
was used to determine if the average profits per trade are greater than
zero, and a t-test pro\'ides information about the direction and magnitude
of the profits.

Table IV pro\ides a summary of. combined long and short trades,
trading profits and a number of statistical measures. First, except for 1:0:1
heating oil crack spread with the 10-day moving average at 2.50 STD
trading strategy, all of the trading strategies provided significantly positive
profit, at 1 % level of significance, before transaction costs. If a transaction
cost of $100 per round trade is subtracted from the average profit per
trade, the 3:2:1 crack spread and the 1:0:1 heating oil crack spread with
the lO-day moving averages at 2.50 STD are significant at the 5% level



Petroleum Futures Spread 951

of significance. All the other spreads trading strategies provided profits,
after $100 transaction cost per round trade, that are still significant at
the 1 % level of significance. Second, as the number of standard deviation
units increase from ±1.50 to ±2.50 the average profit per trade also
increases, as does the standard deviation of the profits. The exception to
this is the trading results of l:l;O gasoline crack spread 5-day moving
average strategies. The 5-day moving average strategies, in this case, leads
to an increasing average profit per trade and simultaneously decreasing
standard deviation of profits. There is no apparent explanation for these
results. Third, both the 5-day and 10-day moving average strategies pro-
vide the lowest average profit when trades are entered at ± 1.50 standard
deviation away from the mean and these are statistically significant.
Fourth, exeept For 3:2:1 craek spread, the moving average strategies lead
to very few trades when trades are entered at ±2.50 standard deviation
away from the mean, and the results are not statistically reliable. Finally,
for both 5-day and 10-day moving average strategies, the most desirable
profit and risk combination seem to occur when trades are entered be-
tween ± 1.75 and 2.25 standard deviations from the average.

In addition to analyzing the profitability of trading strategies, con-
sideration has to be given to tbe risk-reward cbaracteristics of the spread
trades to provide a more complete picture. Generally, because risk has
many dimensions, one can assess the risk reward characteristics of an
investment in many ways. One way is to measure risk of an investment
using the standard deviation of returns or coefficient of variation. There
are also other measures of risk that could be used to explain other di-
mensions of risk such as the number of days in trade, the magnitude of
average loss per trade, margin requirements, and the proportion of win-
ning trades. The authors believe that the coefficient of variation, in this
case, is a reasonable measure of risk. Further examination of Table IV,
last column, shows that the 5-day moving average trading strategy pro-
vided an excellent return with very low risk for 3:2:1 craek spread and
1:1:0 gasoline crack spreads when trades are entered at ± 1.75 through
± 2.50 standard deviations from the mean. Similar results were found for
1:0:1 heating oil crack spread when trades are entered at ±2.00 through
±2.50 standard deviation from the average. The 10-day moving average
trading strategy provided equally good results for 1:1:0 gasoline crack
spread and 1:0:1 heating oil crack spread when trades are entered at
± 2.00 through ± 2.50 standard deviation from the average. On the other
hand, the 3:2:1 crack spread showed very good results when trades are
entered at ± 2.00 and ± 2.50 standard deviation from the average. Given
that the 5-day moving average and 10-day moving average trades are cor-
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related, it is not surprising that the two strategies lead to similar results.
Finally, Table IV also shows that the average number of days in a trade
for any given strategy is less than 7 days and the proportion of winning
trades is greater than 70%. The average number of days in losing trades
is at least twice as long as the number of days for winning trades (not
shown on the table).

Table IVA and Table IVB represent the long and short trade com-
ponents of the results shown in Table IV and discussed above. Exami-
nation of these two tables provides additional insight into the profitability
and the risk of trading the spreads.

Table IVA shows the profitability of long trades. It shows that the 5-
day moving average profit per trade for 1:0:1 heating oil crack spread,
when trades are entered at ±2.50 standard deviation away from the
mean, are not significant. But, when trades are entered at ±2.25 standard
deviation from the average, it is significant at 5% significance level. The
10-day moving average trading strategies for 1:1:0 gasoline crack spread
and 1:0:1 heating oil crack spread, when trades are at ±2.50 standard
deviation away from the mean, are significant at the 10% significance
level. For all other trades the average profits are significant at the 1%
significance level. The long trades exhibit excellent risk-reward charac-
teristics; all trades had a coeffieient of variation less than 2.0. in most
cases less than 1.5. In eontrast, the result for the short trades, Table IVB,
shows that short trades are also very profitable but are much riskier than
long trades. The coefficient of variation for short trades is greater than
2.0 and less than a third have eoeffieient of variation less than 2.0. In
addition, the average loss per trade for short trades is much greater than
the average loss per trade for long trades (not shown in table).

CONCLUSIONS

This article investigates the long-term pricing relationship among crude
oil and its end products (unleaded gasoline and heating oil) futures prices
and finds that these commodities futures prices are cointegrated. The
study finds that the spreads between crude oil and its end products are
stationary; Furthermore, this article investigates the risk arbitrage oppor-
tunities in three types of popularly traded crack spreads: 3:2:1 crack
spread, 1:1:0 gasoline crack spread, and 1:0:1 heating oil crack spread.
A 5-day and a 10-day moving average and corresponding standard devi-
ations were used to identify exploitable risk arbitrage opportunities. This
research showed that historically profitable risk arbitrage opportunities
existed and they were statistically significant. However, one cannot
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be certain that these opportunities still exist. The following are summaries
of our findings and recommendations;

First, 3:2:1 crack spread, 1:1 :Ogasoline crackspread, and 1:0:1 heat-
ing oil crack spreads provided average profits that are significantly differ-
ent from zero at the a = 0.01 level of significance. However, the 1:(): I
heating oil crack spread, when trades are entered at ±2.50 standard de-
viation from the average, is not significant at o: — 0.01 level of signifi-
cance. This research shows that taking a long position on crack spreads,
when the spreads are at extreme lows, is highly profitability and has very
low risk. The usual trade has a coefficient of variation less than 2. In
contrast short positions have a coefficient of variation greater than 2 for
most of the strategics.

Second, this research suggests that refiners can manage risk of gross
profit margin effectively if they used 3:2:1 crack spread. The risk-reward
characteristics of this spread are very attractive. The hedge could be even
more effective if only long trades in 3:2:1 crack spread are taken when
the spreads arc at extreme lows.

Finally, retailers such as gas stations and heating oil distributors can
hedge their position more effectively if they take long positions in 1:1:0
gasoline crack spread and 1:0:1 heating oil crack spread respectively. As
indicated above, both 1:1:0 gasoUne crack spread and 1:0:1 heating oil
crack spreads are profitable and can be used effectively by refiners to
manage their gross profit margin. However, refiners can benefit more if
they used 3:2:1 crack spread. The 5-day and 10-day moving averages
trading strategies, at least historically, were very effective in exploiting
relative mispricing among petroleum futures contracts.
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