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Abstract

The aim of this work was to gain some insight into the American crude oil
futures market using the means of multivariate data analysis. Using these
techniques, the first step was to find out if there is some identifiable behavior of
the crude oil price and to which fundamental market factors such behavior is
most related. Two models are developed, a descriptive model to explain the
time behavior of the crue oil futures price, and a forecasting model to predict
the price changes whitout calling on the speculative factors but using solely the
fundamental physical factors of the market.

Résuméeé

Ce ftravail vise a apporter un éclairage sur le fonctionnement des rnarchés a
terme pétroliers américains en utilisant I’analyse de données. La prermiere étape
vise & explorer I'existence d’'un comportement identifiable du prix du pétrole
brut et de rechercher les facteurs fondamentaux du marché auxquels ce
comportement peut étre relié. Deux modéles ont été développés; un modéle
descriptif pour expliquer le comportement dans le temps des prix 4 terme du
pétrole brut sur le Nymex et un modéle prospectif pour prédire les variations
de ces prix en utilisant les seuls facteurs physiques (fondamentaux) du marché.






ANALYSIS OF THE OIL FUTURES MARKET
Karim FAID

I. INTRODUCTION

Int order w formulate a general model of futures price behavior, gne must first study the markel determinants
of price. Studies of other speculative markets such as the stock market have shown that demand theory fails
10 offer an adeguate explanation of price behavior, However, with commaodity futures, a greater variety of
quantity relatives are available. Price fluctuations ¢an be related to both speculative and physical variables.
The former encompass volume of rading and open interest, while the laver include supply, demand, and
stock levels. The total number of dewrminants of commodity prices can be classified into four groups as
follows :
1/ Acting through Demand

- Conswmyption.

- Exports.

- Derived demand for final products,

- Government policies (long run).

- Demand relatives such as the prices of substitutable commaodities, or consumption/stock ratios,
2 Acting throngh Supply

- Prodluction,

- Stocks.

- Weather.

- Government policies (long run),

- Supply relatives such as the production of substitutable commaodities, or production/stock ratios,
3 Acting through Economic Conditions

- Bysiness conditions as reflected in industrial production, uynemployment,

apnd the general price level,

- Credit conditions which defing the availability of loans for speculation or commodity storage.
4/ Acting through Market Composition

- Speculation.

- Hedging,

In this study, we will be concermed with a description of the intricate relationships between futures
crude oil price and the physical variables of the energy market. It is clear that this will certainly not give
ke whole picture, and we even expect to get a very fuzzy picture due to the fact that the Futares marked i3
in essence a speculative market in which speculative vasiables play a fundamental role. in fact, two
speculalive parameters, short hedging and long speculating, represent the effective supply and demand for
futures contracts, respectively, However, because of the fact that a commodity futures market is far from
independent from the cotresponding physical market, the physical varables of the market do sndoubtedly
play a significant role in the futures price behavior. It is this relationship we will concentrate on and try o
decipber,

What we are interested in is the short run behavior of the futures crude oil price. From the outset, we
start with the following hypotheses on the futures price response (0 the physical supply and demand:

-af There is a weak relationship between futures prices and supply or demand in the short run, bul prices
may be better related (0 the components of supply and demand

Supply = Production + Stocks Demand = Consumption + Exports

-b/ For engrgy tutores, shorl-term price rends are extremely responsive to variations in inventory

levels, Oil raders watch closely the weekly tigures of the American Petroleum Instinne.



-¢f The pressure of demand On sepply is a more immediate influence on price than are the influences
taken individually, Different parameters can be used 1o measure that pressure. These are the various pressure
ratios that could be used @ Demand/Supply, Demand/Stocks, Exponis/Stocks, Consamption/Supply,
Consumnption/Stocks, Stocks/Consumplion, Stocks/Production,

-df Prices of one commaodity vary with the prces or supply and demand of other commaodities. One can
relate the prices of a commodity throngh a price ingdex (o the prices of domestic commaodity substitutes,
foreigh commodity substitules, or o the prices of its converted products. For crpde ail, we would look at
its converted products since it is not a commodity that can be easily sebstituted, ab least not in the shon
run we are interested in. This is why we choose Lo examine the prices, supply, and demand lor il products.

From the New York Mercantile Exchange (NYMEX), we gathered data conceming the monthly prices of
West Texas Intermediate Crade Ol (W contracts, Unleaded Regular Gasoline (HU) coniracts, and No2.
Heating Gil (HO) contracts. The publications of the American Petroleom Institute (API) provided us with
monthly data concerning fundamental market factors such as imports of crude o1 and oil products, crude oil
stocks, prexluction and stocks of ofl producss, etc. The data s¢ runs fram February 1987 to December 1991,
The table below lists the variables used in this sudy.

We shall base our analysis on three approaches of mualtivariate data anatysis. First, the Principal
Components Analysis will provide a generat pictore of the interactions between the lotures prices and the
fondamental market factors considercd, Second, the Factorial Discriminant Analysis will aliow us to
identify those variables that can hest discriminate between increases and decreases in the crude oil price.
Finally, the Canonicat Correlation approach will provide the lingar combination of the variables that is the
maost correlated with the crnde oif futures price and which allows us 10 run the optimal moltliple regression,

VARIABLE Definition

WTIMP West Texas {ntermediate Monthly Price

HUMPR Unleaded Repular (Gasoline Monthly Price
HOMPR Mo2. Heating Qi Monthly Price

CRIMIPO Crude Oil Imports

CRETOC Cride 00l Stocks

PRIMPO froduct Tmports

HEPROD Unleaded Gasoline Production

HUSTOC Undeaded Gasoline Stocks

GAPROD Total Gasoline Produclion

GASTOC Total Gasoline Stoeks

HOPROD Meating Gl Produclion

HOSTOC Heating Oil Stocks

REPROT Residual Fuel Oil Produclion

RESTOC Regidual Foel Qi1 Stocks

KEPROD let Fuel Kerosine Production

KESTOC Jet Foel Kerosine Stocks

CINPUTE Input 1o Crude Oil Distilistion Units

PEQPER Pereentape of Refinery Capacity Operated
CSTICIN Crude Stocks/Crude Input

CHET/CIM Crude Stocks/Crinde Imports

CIM/PIM Crude Impors/Produet Iinports

HUSMHUP Unleaded Gasoline Stocks/Unleaded Gasoline Production
GASIGAP Total Gasoline Stocks/Total Gasoline 'roduction
HOSHOP Heating il Stacks/Heating Oil Production
RES/REP Residual Fuel Oi) Stocks/Residual Fuel Ol Production
KES/KEP Kerosene Slogks/Kerosene Production

Motes ;

17 Stocks of unieaded and lzaded mator gasoline represomt only finished motor gasoline located at refineries, pipeline and
bulk tetmipals. A large portion of motor gasoline stocks at refineries consists of components which may be blepded or
compounded to produce cither finished leaded or unleaded motor gasoline, Therefore, these stocks cannaot be classified as either
finished leaded or unleaded motor gasoline. The sum of finished leaded and upleaded motor gasoline stocks pius the components
stocks equals tolal mator gascline stocks.

2/ We will make use also of other variables derived from the basic variables stated sbove, Starting from a variable Ym

cotresponding to a given month m, we can compuie the two vatiables:

%]
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vorresponding to the motthly change and the one-month lageed variable, respectively,

We shalt look at the data from two different angles. From the first, hereafter referred to as the descriptive
framework, we shall seek the explanatory power for the crade oil futures price in the physical determinants
of the market and the oil products fowres prices. We will therefore be using the variables described in the
table above with no time lag, Qur goal will be o find out how much of the monhly crude oil futures price
(WTIMP) can be explained by the other variables used in this analysis,

From the second angle, hereafter referred o as the predicive framework, we shall seek the forecasting
power for the monthly crude oil Mutures price variation in the physicat determinants of the market and the
oil products futares prices, We will then be using the same variables but lagging the monthly crude oil
futures price change (DWTIMP) by one period. This is done in order to reach our final goal, namety to find
out how well this price variation can be forecasted through tainly fundamental physical factors of the oil
market,

II. DATA DESCRIPTION

Since the variable of greatest imerest is the crude oil futures price (WTIMP), we chose w depict its behavior
over the time perjod considered, along with the prices of two oil products futnres contracts traded on the
NYMEX, namely Unleaded Gasoline (HUMPR) and Heating Oil (HOMEPR).
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In these figures, it is easy 1o spot the peak in prices from April 1990 to March 1991 due to the Gulf
wat. The smaller price increase at the end of 1991 was due to the crisis in the Soviet Union. What these
figures show very clearly is the high positive correlation between the prices of the crude and products
futures contracts, especially between crude oil and heating oil. From the following table, showing the
characterization of the monthly crude oil price WTIMP, it can be seen that the correlation between this
variable and the oil products prices is egual 1o 0.94 for HOMPR and 0.88 for HUMPR, It is most negatively
correlated with the variation in crude oil stocks (DCRSTO), as could be expected.
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From the following table, showing the characterization of the monthly change in the crude oil price
(DWTIMP), it can be inferred that this variable is most positively cofrelated with the one-month lagged
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changes in the prices of the oil products contracts. However, the correlation is lower than tha found earlier
hetween the monthly prices of crude and products,
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In fact, the change in the crade oil price (DWTIMP) of one month with respect (o the preceding month is
most correlated with a group of variables including not only the changes in the prices of the products
registered in the preceding month (DHOMP) and DHUMP1) but also the variables describing the refinery
operations in that same period (CRETOCT, CINPUTL and PEOPER1), the correlation ranging from 0.34 o
0.54, This is duc 1o the fact that in the case, for example, where the two former variables (DHOMPR and
DHUMPR) are positive, this will induce a very prompt responsé from the refiners through an increase in (1)
the crude 01} stocks (CRS10C), (2) the amount of crude input to the refinerics (CINFUT): and therefore, (3)
the percentage of refinery capacity operated (PEOPER). These steps are laken in order 10 ensure the higher
refining margin induced by the higher prices of products. The induced higher demand for crude would then
later be reflected in an increase of the price.

The monthly variation in the crude off price is also positively correlated with a group of lagped
variables which includes the variables describing the production of refined products ang the amounts of
crude and products imported, the correlation ranging from 0.1 to 0.3, At the other end, it is negatively
correlated with the prices of crude oil and heating ofl registered in the preceding month and to the pressore
of refined products supply, as measwred by the stocks/praduction ratios, registered i that same period, the
correlation ranging from -0.20 to -0.35,

In the table below are given some basic siatistics of the variables.
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III. PRINCIPAL COMPONENTS ANALYSIS

II-1. DESCRIPTIVE FRAMEWORK

[_;‘ 32 Active Variables
We started the descriptive analysis of the oil fulures market with a principal components analysis with all
the variables for which we have gathered data activated, In this descriptive framework, the goal is to seek the
relationship between the (ime behavior of the monthly crude oif fotures price and the physical determinants
of the il market. As can be seen from the results below, the goality of the representation achieved with
these 32 variables, as measurcd by the percemtage of variance cxplained by the first two principal
components, is somewhat poor. The guality of the representation of the individuals on the plane is also, in
general, quite poor,
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Despite the fact that the quality of the representation achieved is quite poor, some interesting features of
the oil market can be deduced, and thus some insight gained, from the representation of varables and
individuals which follows,

REPRESENTATION OF VARIABLES]
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A close study of this figure allows one to define four different directions :
* North-East : Direction of Pressure Ratios

HUSMHUP
GASIGAP
HOSHOP
CSTACIM

CSTATIN

Unleaded Gasoline Stocks/Unleaded Gasotine Production
Total Gasoling Stovks/Total Gasoling Production
Heating Qil Stocks/Heating Oil Production

Crude Stocks/Crode Imports

Crude Stocks/Crude Inpat

* North-West 1 Direction of Prices and Stocks

HOMPR
WIIMP
HUMPR
HUSTOC
HOSTOC
RESTOC
KESTOC

Nol. Heating (il Monthly Price

West Texas Intermediate Monthly Price
Unleaded Regular Gasoline Monthly Price
Unieaded Gasoline Stocks

Heatlng Oil Stocks

Residnal Fuel Oil Stocks

Kerosene Stocks

* West 1 Direction of Refined Products Production Levels

HUPROD
HOPROD

Unleaded Gasoline Production
Heating (4l Production



* South-Waest : Direction of Refinery Operations
Input to Crude Ot Distillation Units

CINPUT
PHOPER

Percentage of Ref|

inery Capacity Operated

One can then see that prices are more correlated with stocks than with production levels, refinery
operations variables, or pressote ratios. The 180° angte between the directions of pressure ratos and refincry
operations reflects the high negative comelation between these two groups of variables duge to the fact that
when stocks, compared to daily production levels, become o high and represent many days of production,
the refinery operations will lend to slow down through a decrease of the crude input to the refineries and the
percentage of refinery capacity operated. The graph shows that, as a consequence, the amounts of crude
imported (CRIMIXD) and total gasoline produced (GAPROD) will also wnd 1o fa1l

We now turn o the representation of the 53¢ monhs used in this analysis, Four points, 100 Far away
from the centre, were brought back to the border of the graph. Two of these, OC90 and NOSD, are [rom the
Gulf war period, Inn the graph, the Guif ¢risis period distinguishes itself very well with the corresponding
months far away from (he mean,

{REPRESENTATION OF INDIVIDUALS]
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A close study of the graph above shows that it can be divided into four guadeants corresponding to the

four seasons :

FALL

WINTER

SUMMER

SPRING

These quadrants are, in general, crossed clockwise by a line joining the various months of the year, as the
exainple of the line joining JABY to FE91 shows, Let us recall that we found four directions defined by four

groups of variables :

Prices & Stocks

Refined Produects
Production Levels

Refinery
Operations

Pressure
Ratios

Putting the variables and individuals representations together, we can draw the following picture of the

oil market dynamics :



il

- In summer, the refineries operate at high capacity to satisfy the high demand for gasoline in the
American market The summer quadrant is crossed by the sefinery operations direction characterised by the
crude input (CINPUT), percestage of refinery capacity operated (PEOPER), and total gasoline production
{GAPROD). This high level of refinery operations also belps build stocks of heating ot in expeciation of the
coming cold scason.

- Between summer and fall, we see high levels ol heating oil and anleaded gasoline production as shown
by the westward direction of the refined products production levels, In fall, the stocks are high and prices
climb in response 1o the increasing demand of the cold season. The fall quadrant is crossed by the prices and
stocks direction defined mainly by the price of healing oil.

- Between fadl and winter, the produciion of refined products starts to fall and therefore the stocks, in
terms of datly production, increase. We end up in the winter gquadran which is crossed by the direction of
pressore ratios. Going from winter to spring, these ratios start to decrease when production picks up in
spring. The production of refined products continues to ingrease, especially that of gasoline in expectation
of the coming jncrease in demand, yntil we reach again the high level of refinery operated capacity in
SUMIRCT,

@ 6 Active Variables

Because the quality of the representation, as measured by the percentage of variance explained by e first
two principal components, achieverd in the analysis above with 32 variables was somewhat poor, we chose
o restrain the aamber of active variables o six : WTIMP, HUMPR, HOMPR, CRIMPO, CRSTOC, and
CINPUT,

As the results below show, the quality of the representation was very much improved, However, many
parts of the picture drawn in the preceding analysis are now missing. The active variables now clearly define
only two of the directions fonnd earlier; namely the direction of prices and stocks, and the direction of
refinery operations. As a consequensy, the seasomal discrimination in (the representation of individuals,
especially between winter and spring, is quite poor. Mot much insight into the problem was gained through
this analysis,
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. PREDICTIVE FRAMEWORK

{a] 35 Active Variables
In this predictive framework, the goal is (o seek the relationship between the variation in the crude oil price
of ong month (DWTTMP) and the physical determinants of the ofl matket in the pteceding month. In a first
stage, all the variables available were activated in the analysis. The resuits below show that the quality of
the representation achieved with these 35 variables, as measured by the percentage of variance explained by
the first two principal components, is somewhat poor. ‘The quality of the representation of the individoals
on the plane is also, in general, guite poor,
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This new principal components analysis actually does not add muoch to the basic picture we draw from
the first apalysis, It simply defines one more dircction in addilion to the four defined earlier. The new
direction is the southward direction characterized mainly by the variation in the crude oit price DWTIMP. The
graph representing the individuals is sdll comprised of {four quadrants corresponding o the four seasons,
which are crossed clockwise by the line joining the variouns months of the year,

Prices & Stocks Pressure
Ratios

FALL WINTER
Refined Products
Froduction Levels

SUMMER SPRING

Refinery
OQperations DWTIMP

Along this new direction, which falls between spring and summer, we also find the vadation in the price
of unleaded gasoline DHUMP1 registered in the preceding month, The picture of the oil market sirpcture is
the same as the one drawn earlier and this new direction enters simply to reflect the jump in the gasoline
price in response (o the increase in dernand in summmer. This is followed by the jump in the crude oil price
when demand for crude increases due 1o the fact that input to refineries is increased in order 0 meet that
demand for gasoline and (o build vp stocks of heating oil in expectation of the coming cold season,

EJ] 6 Active Variables

As before, because the quality of the representation, as measured by the percentage of varance explained by
the first two principal components, achieved in the anatysis above with 35 variables was somewhat poor,
we chose to restrain the number of active variables to the six folowing variables : DWTIMP, WTIMF1,
DHUMPIL, HUMPRI, IDHOMPL, HOMPR1.

As shown by the results below, the quality of the representation was very much improved. However,
many parts of the picture drawn in the preceding analysis were again lost. The active variables now clearly
define only two directions, one characierized by the variations in prices and the other by the price levels. As
a consequence, the seasonal discrimination in the representation of individuals is lost. With respect 1o these
variables, the individuals are very tuch clustered sround the mean, Only the months corresponding o the
Gulf ¢risis are able o distinguish themselves, as one could very well expect. Thys, not much insight into



the problem is gained through this analysis. This suggests that prices alone are {ar from being able (o
provide a complete picture of the oil futares market,
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REPEESENTATION OF YVARIABLES AND INDIVIIMUALS
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IV, FACTORIAL DISCRIMINANT ANALYSIS

With the factoral discriminant analysis, our aim was to find owt which of the physical determinants of the
oil market and of the prices of futures contracts in one month can best forecast the sign of the crude oil
price change in the following month. In other words, the problem is 10 seek those ong-month lagped
variables that can best discriminate between the two groups of observations defined as

DWTIMPP = { Obscrvations / DWTIMP 2 0 }

DWTIMPN = { Observations / DWTIMP < 0 }

Due to a practical problem of insufficient memory, we were constrained to the use of a maximum of
nine variables in a factorial discriminant analysis. Given this consiratnt, we chose to run three diseriminant
analyses with three different small groups of variables to get as much insight into the problem as possible
under the circumstances,



Iv-l. GROUP OF PRESSURE RATIOS

The first group contains e eight pressure ratios we have defined. The power of discrimination as measured
by the percentage of observations well classified reaches 60%. This suggests that physical factors by
themselves, as expected, can hardiy be sofficient for building a performing forecasting ool

[LINEAIR DISCRIMINANT ANALYSIS OF GROUPS DWTIMPF AND DWTIMPN
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V-2, GROUP OF PRICES

‘The second group consists of the lagged prices of the three ofl contracts (WTIMP1, HUMPR1, and HOMPR1)
and the lagged variations in the prices of the oil products contracts (DHUMP1, and DHOMPL). The power of
discrimination is acound 64%. The results of the analysis show that the variables considered can be ordered
by decreasing power of forecasting the sign of the crude oil price change : DHOMP1, DHUMP1, WTIMP1,
HOMP1, HUMPI. One onght to note the important role played by the changes in the prices of the refined
products futures contracts. The overall power of discrimination of 64% is onty slightly betier than the one
obtained with only supply pressure ratios, suggesting that prices by themselves cannot make up 2
performing forecasting too! either, the oil futures market not being a purely specolative market but one that
is linked to a physical market.

LINEATR DISCRIMINANT ANALYS1S OF GROUPS DWTIMPP AND DWTIMPN
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IV-3. GROUP OF PRICES & PHYSICAL VARIABLES

Finally, we considered a third group consisting of the price variables considered above (WTIMPL, HUMPRI,
HOMPR1, DHUMP!, DHOMPI) and physical variables related only to crude and refinery operations
(CRIMPO1, CRSTOCH, CINPUTL, PEQPER]), With this mixed group of variables, the power of
discrimination jumps to more than 72%. If we order again the variables according to their decreasing
forecasting power, we obtain in this case the following sequence : DHOMPI, DHUMP1, WTIMP1, PEOPERI,
HOMPR1, CINPUTI, HUMPR1, CRIMPOI, CRSTOCI. This shows the central role played by the vaniables
describing refinery operations,
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V. CANONICAL CORRELATION

The third method of multivariate data analysis we used is the canonical correlation method. In a first stage,
within the descriptive framework, it is used o build & lincar model for explaining the time behavior of the
monthly crude oil price WTIMP, [n a second stage, within (he predictive framework, it is used to build a
linear model for forecasting the time behavior of the monthly ¢hange of crude oil price DWTIMP,

V-1, DESCRIFIIVE FRAMEWORK

The descriptive model is based on the following linear eguation |
WTIMP() = 2, ¢ X0
i

where ¢ stands for a constant and X for the variables introduced. For this descriptive model, 24 variables
were found to enter the optima)l multiple linear regression which is able to explain a very bigh percentage of
the variance in WTIMP, measured by the adjusted R? which is equal to 99.3%,
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In the following graph are shown the actual monthly crude oil price WTIMP and the fitted crude ol price
WTIMPF obtained from the linear regression above. It is clear that the variables selected above have
together, in the given combination, 2 very high explanatory power for the time behavior of the futures crude
oil price WTIMP,
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The forecasting moede! in turn is based on the following eguation :

Actual And Fitted Monthly WTLE Prices
V-2. PREDICTIVE FRAMEWORK

DWTIMP(t) = 3, ¢; X;(i-1)
i

For this forecasting model, 15 variables were found to enter the optimal multiple hingar regression for

DWTIMP, with an

adjusted R? equal 10 76.8%.
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The following graph, showing the forecasted values of the change in crude ol price (DWTIMPF)
resulting from the forecasting model above along with the actnal values of the price change (DWTIMP),

depicts the relatively good quality of this forecasting model.
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VI. CONCILUSION

An asnalysis of the oil futures market was cartied out through the means of multivariate data analysis, In
addition to the monthly prices of the three futures contracts traded o the NYMEX, this analysis was based
on the data published by the APL deseribing fundamental factors of the energy market for a period of five
vears. Although such analysis can by no means be expected to give the whole picture of the ¢nergy futures
market, it has certainly provided some ingight into this market’s dynamnics.

The first approach, the Principal Components Analysis, gave a general picture of the interactions
between the futares prices and the fundamental market parameters. A graphical representation extracted from
the <ata an interesting seasonal discrimination showing how futures prices are linked to the basic physical
factors of the market at various seasons,

The second approach, the Factorial Discriminant Apalysis, identified those variables that can best
discriminate between ingreases and decreases in the eryde oil price. Such discrimination could be vsed as a
tool to predict the sign of future price change. The analysis showed that neither physical factors nor prices
by themsetves can be sufficient for building an accurate forecasting tool, Instead 2 mixed group of prices and
physical variables proved to have the highest discriminating power, with the variables describing refinery
operations playing an important role.

The last approach, the Canonical Correlation, provided the optimal multiple linear regression for a
simple descriptive model of the monthly crude oil futares poce. A high percentage of the variance could be
accounted for by 4 group of 24 variables in which products prices but also physical pressure ratios play a
central role. This approach allowd us also to find the optimal single-equation forecasting model of the
monthly crude oil futures price change. Of course, the percentage of the variance accounted for by the 15
variables in this mode! was lower than the one in the descriptive model but was, ronetheless, just below
77%. This in itself is an interesting result given the fact that the analysis, which was based mainly on
physical variables, ¢id not take into account the technical factors of the market. These technical or
specutative variables play a fundamenial role in the futures market, which is in essence a speculative
market. That is even more s0 in the short ran perspective, which was that of this study, It would be
intercsting to look at the effects of two specolative parameters in particular, short hedging and long
speculatitig, which represent the effective supply and demand for futures contracis, respectively, Among the
speculative vanables are of course the volume and open interest, but also stme important parameters which
are derived and watched closely by traders, such as the relative strength index, the on-balance volume, elc,

This analysis showed that physical variables are important parts of the futures market dynamics. This
contributes 1o proving thar the oil futeres market, like any commodity futores market, is far from being
independent from the eorresponding physical market.

i
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