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The price forecast of international petroleum with system
simulation based on MATLAB/SIMULINK

G. WU and S. LIU
University of Science and Technology, Haidian District Beijing, China

In view of the singleness of traditional methods about international petroleum (Brant) price
forecast, ten main factors that affect international petroleum price are fully analysed. Based on
time series method and multivariate linear regression method, the simulation model with the
theory and-idea-of system simulation is-firstly-established. -And- this-forecasting-system realizes
visual operation under the environment of MATLAB/SIMULINK. So this article tries a new way
for further exploring petroleum price’s running law and guiding its forecasting practice.
Keywords: Petroleum price forecast, system simulation, residual error, physical flows
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Introduction

Petroleum price, like prices of many commodities,
coincides with law of value, but it has its own singularity,
for petroleum is a kind of special commodity. Intense
fluctuation of petroleum price is one of the most spectacular
phenomena during the process of international trade, for
there is no price rising and falling rapidly in a short term.
Petroleum price’s historic trace is like rolling alp and coulee
rising and falling, but this kind of rising and falling presents
periodical changes, because there is certain intrinsic link
between petroleum price and major influencing factors
(production capacity of OPEC, operating rate, world
average Gross Domestic Product (GDP), price of coal, price
of natural gas, demand of petroleum, expenditure
coefficient, balance between supply and demand of OPEC,
productivity of non-OPEC, balance between supply and
demand of non-OPEC)1.

The importance of international petroleum
price forecast

Petroleum plays an important role to the economy of all
countries in the world. Its price goes up/down suddenly for
several dozen years. Though it is very difficult to forecast
petroleum price trend and fluctuated range for it went up
and down intensely without any laws for many years, its
forecast is still one of the hottest questions in the world.
Whether the countries producing or consuming petroleum,
they all wish that petroleum price would be durable and
reasonable in order to keep their economy developing
normally.

In the diverse petroleum market, the only way is to grasp
precisely the trend of petroleum price in order to defend our
own benefit. Under the condition of full acquaintance with
petroleum price, to modulate yielding layout and stabilize
consuming level of petroleum can reduce negative influence
to economy which is made by rising or falling of petroleum
price, and the benefit of countries and groups can be
defended. The result of petroleum price forecast is the
rudimental material to establishing producing decision and

consuming decision of petroleum. Accurate decisions can
bring enterprises vital force and development, and whether
they are accurate or not depend on accuracy of decision
information.

The domestic and foreign researchers have made a lot of
researches and explorations to petroleum price forecast, and
they tempt to grasp the essence of varied rules of petroleum
price, then explain its varied reasons and predict its trend.
However, because of the specialty of petroleum, up to now
no theory can be precise to predict its price. Under this kind
of circumstances, authors established System Simulation
Model based on the links between petroleum price and ten
major factors to forecast petroleum price from 2001 to
2005.

Link between ten major factors and
international petroleum price

The link between the development of world economy and
the demand of international petroleum is direct, but the one
between development of world economy and petroleum
price is indirect3. The link between GDP and petroleum
price is the most concerned in all petroleum price
predictions. It is reported by the data of yearly report of
Chevron Corporation that GDP of the west in 1981
increased 3.3 per cent compared with that of 1979, and that
petroleum consumption in all countries of Economic
Cooperation and Development Organization [ECDO]
decreased 13.3 per cent, and that petroleum price went
down and got into chaos leading to many petroleum prices.
All these illustrated the recognized elasticity coefficient
between petroleum demand and petroleum price and
economy development is not suitable, but the link between
GDP and petroleum price is important. The correlation
coefficient between them is-0.2115.

World petroleum price underwent several intense
fluctuations which brought international economy and
petroleum industry great impact and influence, and these
fluctuations is associated with some decisions and
producing situations of OPEC countries. The petroleum
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reserves of OPEC countries exceed 2/3 of all the rest of
reserves in the world, so this makes people first take the
attitude and reserves of OPEC countries into account when
they predict petroleum price in the future. The correlation
coefficient between the producing capacity of OPEC
countries and petroleum price is—0.2583.

When petroleum price goes up to some degree, petroleum
production of some non-OEPC countries gains
development, even in the same condition petroleum of non-
OPEC countries supplants that of OPEC countries in the
market for it is closer to consuming regions. The rising of
petroleum productivity of non-OPEC countries leads to the
falling of petroleum price, and finally reach today’s
medium petroleum price. The most typical two intense
rising of petroleum price make petroleum output of non-
OPEC countries have obvious increase, and this compels
OPEC to have to reduce petroleum price, so a rare intense

Because OPEC countries are main petroleum producing
countries, the bigger the balance of supply/demand is, the
bigger the supply of OPEC to international petroleum
market is. The balance of supply/demand of OPEC has
great influence on petroleum price, and the correlation
coefficient is 0.6271. In theory, the influence of the balance
of supply/demand of OPEC on petroleum price must be
opposite-direction. Surveying the elected historic data,
about 2/3 data reflects this kind of link. The balance of
supply/demand of non-OPEC also affects petroleum price
greatly, and the correlation coefficient from 1980 to 2000 is
—(.5628.

The establishing of system simulation model

We think that the systematic dynamic model of petroleum
price is feasible through studying the rule of petroleum
price and using the system simulation method put forward

falling appears.. The. correlation coefficient between-the
productivity of OPEC countries and of non-OPEC countries
is =0.0026.

The fluctuation of petroleum price does not immediately
lead to change of wide range to petroleum demand
elasticity, for the automatic adjustment of demand to price
is slower in the international petroleum market. We usually
think that the link between demand and price is normal
epoch and the increase of demand must make petroleum
price rise, but these will occur when other factors do not
change. In fact, petroleum price affected by many factors
may not reflect the link between it and petroleum demand,
for example, its going up/down is not fully dependent on
the change of petroleum demand when production capacity
increases, production cost decreases and transportation
expense reduces. The correlation coefficient between
petroleum demand and price is ~0.4737 for 21 years.

Because the enthusiasm of searching energy to replace
petroleum increasingly rises, natural gas, as a kind of major
replaced energy, influences deeply petroleum price. The
exploration and development of natural gas advances
rapidly since the Second World War, but now the price of
natural gas depends on petroleum price. Therefore, there is
obvious linear link between them, and the correlation
coefficient is 0.9980. However, its role is not neglected in
the model, for it is the major supplanted energy of
petroleum.

The production of coal develops rapidly after two intense
risings of petroleum price, but its developing speed also
descends when petroleum price intensely falls. For
example, the total demand of energy of 1988 increases 3.7
per cent compared with that of 1987, and it equates 81
million ton petroleum. And the consumption of petroleum,
coal, natural gas respectively increases 3.1 per cent, 3.7 per
cent, and 4.7 per cent compared with 1987. Obviously, coal
is still one of the important replaced energies of petroleum.
The correlation coefficient is —0.1849.

The index system reflecting world consumption Level of
petroleum is consumption, rate of growth, proportion in the
World energy consumption structure, consumption
elasticity coefficient, consumption of per GDP of
petroleum. Petroleum consumption elasticity coefficient is
the ratio between the rate of growth of petroleum
consumption and GDP. It is completely different in
different countries, regions, periods and conditions.
However, the authors only consider the GDP. The link
between consumption coefficient and petroleum price is
opposite-direction, and the correlation coefficient is
-0.7733.
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by Professor Jay W. Forrester. System simulation is the
method which can research non-linear phenomena and
arrive at some kind of solution. Its basic ideas derive from
feedback theory.

In this paper, an abstract, dynamic, nonlinear and stable
model is established. Solutions to models are a kind of
simulation for they use simulated methods to solve dynamic
models of this predicated system based on given a set of
initial conditions and input signal of some inputs. In
essence, it is a kind of experimental study method. The
more we know, the better the predicated results are, and
these results must be optimal solutions of practical
problems, and also satisfactory solutions of decision
makers.

This model of system simulation from petroleum
production to consumption is established based on ten
primary factors influencing petroleum price. The model
dominated by physical flow and supplemented by info flow
uses the reaction between them to achieve predication.
Figure ) shows ‘Model Process Concept Figure’.

Iteration equations and variables of model

Iteration equations of OPEC production sub-module

SCJC = SCNL * exp(-1/(10((7 —1980) +0.0001)))

*KGL+ SCJY, + GDPY, .
SCJY, = M,(N,)* SCNL* exp o]
(~1/(10((T - 1980)+0.0001))) * KGL

GDPY, = M (N, )* SCNL * exp )

(~1/(10((7'~1980) +0.0001))) * KGL

SCJC Output of Decision Physical Flow about OPEC
Production

T Year.

SCNL Producing Capacity of OPEC

KGL  Operating Rate of OPEC

SCJY Influence Value of Market Price

GDPY Influence Value of GDP

Iteration equations of non-OPEC production sub-
module

NSCJC = NCN *exp(~1/(10((T - 1980) +0.00001)))
*NKGL + SCJY + GDPY,

[4]
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Table I
Correlation coefficients matrix between each influencing factor and petroleum price

PP PC GDP CP NGP D CcC BSD PN DN
PP 1.0000 -0.2583 -0.2155 -0.1849 0.998 -0.4082 -0.7733 -0.6271 -0.0026 -0.5628
PC -0.2583 1.0000 -0.0403 -0.2243 -0.2789 0.9498 0.2036 0.6772 -0.5725 0.7135
GDP -0.2155 -0.0403 1.0000 -0.2733 -0.1905 0.1921 0.4388 0.2395 0.6559 0.2743
Cp -0.1849 -0.2243 -0.2733 1.0000 -0.1828 -0.3130 0.1404 -0.1516 -0.3268 -0.2562
NGP 0.9980 -0.2789 -0.1905 -0.1828 1.0000 -0.4210 -0.7690 -0.6368 0.0289 -0.5765
D -0.4082 0.9498 0.1921 -0.3130 -0.4210 1.0000 0.3207 0.8132 -0.3512 0.8566
CcC -0.7733 0.2036 0.4388 0.1404 -0.7690 0.3207 1.0000 0.4664 0.0626 0.4167
BSD -0.6271 0.6772 0.2395 -0.1516 -0.6368 0.8132 0.4664 1.0000 -0.2347 0.9252
PN -0.0026 -0.5725 0.6559 -0.3268 0.0289 -0.3512 0.0626 -0.2347 1.0000 -0.1426
DN -0.5628 0.7135 0.2743 -0.2562 -0.5765 0.8566 0.4167 0.9252 -0.1426 1.0000

NOTE: Petroleum Price [PP]—Production Capacity [PC]—Gross Domestic Product [GDP]
Coal Price [CP]—Natural Gas Price [NGP]—Demand [D]—Consumption Coefficient {CC]

Balance of Supply/Demand [BSD]-Productivity of non-OPEC [PN]-+Demand of non-OPEC [DN]

romm— e e

\ 4

NOTE: Production Inventory [PI]-Market Inventory [MI]— Consumption Inventory [CI]—Market Decision [MD]—Production Decision [PD]
—Inventory Decision [ID]—Production Decision of non-OPEC [non PD]—Organization Decision [OD]—User Decision [UD]

Environment Protection Coefficient [EPC]—Science Technology Progress [STP]—Operating Rate [OR]—Operating Rate of non-OPEC [ORN]
—Production Inventory of non-OPEC [PIN]

Figure 1. Model Process Cconcept Figure

NSCJC Output of Decision Physical Flow about non- _ 7
OPEC Production TRQY = M(Ny)* (SCIC + NSCJC) (7
NCN  Productivity of non-OPEC ‘ (8]
XQLY = M,(N,)*(SCJC + NSCIC)

NKGL Operating rate of non-OPEC.
SYSC Output of Market Decision

Iteration equations of market decision sub-module MIY Influence Value of Coal Price
SYSC = (SCJC + NSCJC + MJY + TRQY) + M, TRQY Influence Value of Natural Gas
(5] XQLY Influence Value of Demand.
(N,)*(SCJC+ NSCIC)+ XQLY
6] Iteration equations of inventory decision sub-module
MJY = M(N;)* (SCJC + NSCJIC) KCJC = GQCE + M,(N,)* SYSC (9]
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GQCE + My(Ny)* SYSC [10]

KCIC Output of Inventory Decision
GQCE Influence Value of the balance of supply/demand.

~Iteration equations of user sub-module
YHJC = XFXS + M,(N,)* SYSC + M,(N;)
*SYSC + My(Ny ) * SYSC + M,(N, ) * SYSC

XFXS = M,(N,)*SYSC [12]
XFXS Influence Value of Consumption Coefficient.

[11]

Iteration equations of organization decision sub-module
YCYJ = HGYJ 4+ SCYX + NSCYX + SYYX +

international petroleum price from 2001 to 2005 is
predicted through using the System Simulation Model
under the environment of Matlab/Simulink (Table III)
(Figure 3).

Conclusions

The key of petroleum price forecast is the selection of
affected factors and the establishing of model. The
correlation coefficients between each factor and petroleum
price arrived at by using multivariate linear regression
method and system parameters prove to have a scientific
base particularly when properly analysed and validated. The
predicted results prove that the model of system simulation
under the environment of MATLAB/SIMULINK has high
precision, and we can use this model to predict petroleum

[13] price in the future.
KCYX +YHYX + M,(N,)* HGYJ + HBKJ
SCYX = Myy(N,,)* HGYJ [14] References
1. MEADOWS, D.H., MEADOWS, D.L., and
NSCYX = M,,(N,,)* HGYJ [15] RANDENS, J. Beyond the Limits[R] Chelsen Green
SYYX = M12( Nu) * HGYJ [16] Publishing Co. Post Mills, Vermont, 1992, '
2. HUBBARD, M.K. Energy Resources, National
KCYX = MH(NB)’*< HGYJ [17] Academy of Sciences, National Research Council{J],
Washington, D.C.
YHYX = * [18] ,
X M“(NM) HGYJ 3. YU, M. The Influence of World Economy
HBKJ = M,;(N,5)* HGYJ [19]

YCYJ  Predicted Petroleum Price

HGYJ Petroleum Price initial Value of multivariate
linear regression method

SCYX Influence Value of OPEC Production to
Petroleum Price

NSCYX Influence Value of Non-OPEC Production to
Petroleum Price

SYYX Influence Value of Market Decision to
Petroleum Price

KCYX Influence Value of Inventory Decision to
Petroleum Price

YHYX Influence Value of user to Petroleum Price

HBKJ Influence Value of Environment Protection and
Science and Technology Progress to Petroleum
Price—M1—M15—N1@N15—System
Parameters.

Test of model

In order to test the feasibility of model, we select sixteen
data from 1980 to 1995 as originative data to predict
petroleum price from 1996 to 2000. Because the intense
rising of petroleum price in 2000 is made by special
reasons, error between real price and predicted price will be
big if we ignore political and economical reasons. Table II
shows the predicted results.

Average error from 1996 to 1999 is 4.55 per cent, and
average precision is 95.45 per cent; average error from
1996 to 2000 is 12.78 per cent, and average precision is
87.22 per cent.

The precision of model is high if we ignore factors made
by people, such as political and economical reasons. The
predicted errors are associated with normal distribution, and
this accords with our hypothesis.Figure 2 shows the
distribution of errors.

The predicted results
Based on the data of ten factors from 1980 to 2000, the
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Table II
The predicted results ($/Barrel)

Year Real | Predicted | Upper | Lower | Errors | Relative
Price Price Limit Limit Errors

1996 20.80 20.01 22.61 17.41 -0.79 0.038
1997 19.30 19.41 21.93 16.89 0.11 0.006
1998 13.11 12.61 14.25 10.97 -0.50 0.038
1999 18.25 16.42 18.65 14.29 -1.83 0.100
2000 | 28.98 15.75 17.79 13.70 -13.23 0.456

Frequency/class interval

Residue error

-10 -5 0 5

Figure 2. The polygonal line of residual error distribution

Table 11T
The predicted petroleum price ($/barrel)
Year Predicted Price Lower Limit Upper Limit
2001 - 24.64 21.43 27.84
2002 23.82 20.72 26.91
2003 © 2044 17.78 23.10
2004 18.44 16.04 20.84
2005 21.66 18.85 23.48
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