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Abstract

With the acceleration of international market integration and the frequent outbreak of international political and economic
events, the volatility of oil prices has continued to increase in recent years. As the main source of energy, crude oil plays an
important role in the development of a country’s economy. Therefore, it is meaningful to study the mutation of oil prices.
Based on the Zeeman’s catastrophe machine, USDX and excess demand are selected as two main factors to construct the
catastrophe model, which helps to explain the structural relationship between USDX and excess demand when the crude oil
price mutates.
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1. Introduction

Crude oil is one of the most important bulk stocks in the world. The variation of its price has an important
effect on the development of world economy. With the change of world economic condition, the oil prices
present a feature of high volatility, making it harder to predict.

The existing study on oil prices maintains two main opinions: as for the first one, the oil price is mainly
decided by speculation. The other is that oil, as a kind of bulk energy; its prices should be determined by
measuring the demand and supply. But there is a weakness in both of the opinions: they cannot logically
explain and practically forecast the mutation of oil prices. This shortcoming comes from their mathematical
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methods, for their methods only focus on the stable time series and the catastrophe ones are not included.
Therefore we need a new method to study the mutation of oil prices.

At present, researches on mutation mainly focus on the prediction of financial crisis. The prediction methods
are also divided into two categories. The first one is based on model pre-warning, such as FR model. The
second is index early warning, such as KLP model. Both of them share the same idea, which is searching the
samples, selecting the index, studying the variation of these indices and working out the critical value and
finally using these indices as the early warning mechanism.

Concerning the above problems, this essay brings the catastrophe theory into the prediction of oil price
mutation. Based on the Zeeman's catastrophe machine, firstly, this essay will explain the structural relationship
between US dollar index and excess demand function when oil prices mutate and then construct the cusp
mutation model among the three. Next, it will work out the potential function of oil prices by fitting the
mutation data. Finally, an analysis on the condition of mutation will be made in view of the cusp model in order
to predict the potential mutation. This is to provide a new method to study the mutation of crude oil prices.

In the second part of this essay, Zeeman's catastrophe machine and its basic theory will be introduced. In
the third part, we are to construct the mutation model of oil prices. Then in the next part, we will fit this model
and make some analysis. Finally, the conclusion will be presented.

2. Zeeman’s catastrophe machine

The sketch map of Zeeman’s catastrophe machine is as follows:

P

SR

Fig.1 Zeeman’s catastrophe machine

Zeeman'’s catastrophe machine is a kind of catastrophe model created by Zeeman. In this map, RQ and QP
is the same rubber band which is one unit long. The round O is a disk whose diameter is also one unit long.
What’s more, Q is a fixed point on the round and can move around point O.

According to the Lyapunov second method and some related mathematical derivation, we get that,
generally, the state variable @ of the mutation system will change continuously when we move point P.
However, when P arrives at some special points, the state variable & will change dramatically. All these
special points make up the tetracuspid on the right side of the map. When P comes across the tetracuspid, this
system is likely to mutate. In the similar way, oil prices will change continuously in general situation and
change dramatically under some special circumstances.

Comparing the Zeeman's catastrophe machine and the determination mechanism of oil prices, we can see
the oil price as the state variable of Zeeman’s catastrophe machine. What’s more, the influencing factors of oil
prices can be seen as pull of RQ and QP.
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3. The mutation model of oil price
3.1 Select influence factors

The influence factors of oil price can be divided into two:

(1) The US dollar index

Since the US and Saudi Arabia signed the contract to make sure that all these oil transaction should be
settled by dollar. US dollar has been accepted gradually as the only currency using in the oil transaction. The
negative correlation between dollar and the oil price become significant.

(2) The excess demand function

It is reasonable to study the oil price from its demand and supply, since oil is a kind of bulk energy.

Besides such two factors, unexpected events and geopolitics can also influence the volatility of oil price.
But both of them influence the oil price through the factors as mentioned. In the short term, the unexpected
event and geopolitics can influence the oil price by influencing the US dollar index. In the long term, the
unexpected event and geopolitics can influence the production and consumption of oil. Then it influences the
oil price.

Taking all these into consideration, it is reasonable to see the US dollar index and excess demand function
as the main factors which can influence the oil price.

3.2 The cusp catastrophe model of oil price

3.2.1 Some definitions and assumptions

This essay applies Zeeman’s catastrophe machine to the oil price mutation, which caused by US dollar
index and excess demand. The influence of excess demand on oil prices can be seen as the pull of the rubber
band QP. The index 7, =ac3), = Z;‘D are assumed to indicate the sum of excess demand changing rates in
every three months. Let us denote by D, the demand of oil at ¢, and P, the supply of oil at ¢, wheref > 0.
In the same way, the pulling of rubber band of QR can be seen as the influence of US dollar index on oil

prices. Assume the index K, =USDX, to indicate the price of dollar at¢.

Finally, we use @, the angel between OQ and OR, to represent the oil price P.
All these assumptions can be shown as follows:

Fig 2 Oil price mutation model

3.2.2 Explanation of the model
At first, keep QR still and increase the tension of QP by pulling P. Then Q moves towards P and the angel

0 also increases. Next, rubber band QR produces more tension to ease the influence caused by the change of
QP.

In the real world, when the investors know that the excess demand of oil will increase at some time,
setting the US dollar index to be fixed, they expect the oil price will increase in the near future. They will then
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buy more crude oil futures in the international market. As a result, the oil prices rise. However, with more and
more money flooded in the crude oil future market, the expected rate of return is to drop. Then the rest
investors will choose to invest in the alternative, US dollar, to avoid the risk. Later on, the price of dollar will
increase to stop the originally continuous growth of oil prices induced by excess demand.
Vice versa, we can have a similar analysis by holding the P still and pulling the point R.

3.3.3 Cusp catastrophe model of oil prices

Before defining the potential function )", it should be noticed that the two factors (Z , K,) have different
degree of effects on the oil price. Therefore, we should assume that the two rubbers have different elastic
coefficient g . What’s more, considering that degree of influence from the two factors have something to do
with the current price, we insert the adjustment coefficient sin(p)and cos(p) into the potential function} .
This method is common in vector difference. Next, according to the standard cusp catastrophe potential
function, we introduce p*into the function. Finally, because the calculation of potential energy changes the sign

ZI . .
of Z’, we use the 7 to restore its sign.
Taking all these into consideration, we can draw the potential function as follows:

1 71
V(p)=—=uZ>sin(p)—=+— K> cos(p)+ p' (1)
2 |z| 2

We can then eliminate the trigonometric function by using Taylor expansion:

1 _,Z 1 N
Vip)=—uZ? 2t p+—w K2 (1——p*)+ 2
(p) e |Zl|p St ( 2p) p (2

In order to predict the future mutation of crude oil price, we should determine the parameters by fitting
this model with empirical data. Then we can draw its critical point and bifurcation set to make an analysis of
the mutation of oil prices.

4. Fitting of the model
4.1 Selecting data

In this essay, we use monthly data of WTI (collected from US Energy Information Administration) and
US dollar index (from the New York Mercantile Exchange) during January 1999 to December 2013. The
excess demand function is calculated by supply and demand monthly data collected from United States
Department of Energy.

4.2 Definition of mutation point

Before fitting the model, we should select the mutation point of oil price. Then it comes to the definition
of price mutation. In this essay, the mutation of price should meet two conditions: (1) the changing rate of
price dp should be large ;(2) the difference of changing rate ddp should also be large.

First, we pick out the calculated data dp which range out of the interval 3% to 97%. These data are likely

to be mutation points.

ddp <5%

Then, considering the economic man hypothesis, we remove the data whose The remained

data are thought to be the mutation points.
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4.3 The fitting of model

In the fitting process, we introduce a penalty coefficient to make sure that all these mutation points are on
the bifurcation set. Then using the least square method, we can determine the coefficient.

4.4 The result and checking of model
Based on the above preconditions, we can figure out the unknown parameters (24,4, ) =(23.68,13.50) .
And then, we can draw the potential function:
14 — 2 Zf 2 1 2 4
(p)=11.84Z, mp+6.75Kt (I—Ep )+p 3)
t

And the boundary function:

V'(p):11.842,2ip—6.751<,2 +4p’ 4)

1Z, |

The boundary image is shown in the figure below:

B |

Fig 3 The boundary picture

The image is consisted of three leaves: the high leaf, the medium leaf and the low leaf. There are two types
of price increase (1) with the continuous changes of US dollar index and excess demand, the price of oil change
continually. There is no mutation in this process. (2) When the route of (Z,,K,)cross the branches of the cusp
mutation model, the price of oil will jump beyond the expectation of investors. Then we have the dramatic
change in prices.

Finally, we draw the mutation points on the cusp catastrophe image as below:
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Pasitive mutation point and boundary picture Negative mutation points and boundary picture

i3

Fig 4 (a)5 positive mutation points on boundary picture,(b)6 negative mutation points on boundary picture

In the picture, the positive mutation points fall on the right bifurcation set, while the negative mutation
points fall on the left bifurcation set. This fact is consistent with our assumption that the mutation of oil price is
cusp catastrophe. As a result, it is reasonable to apply the cusp catastrophe model to analyse the oil price

Taking all these into consideration, we can draw the conclusion that the price mutation would occur only
if the relationship of USDX and excess demand function crossed the branch of cusp catastrophe, or the prices
will change continuously.

Finally, to test the effectiveness of prediction of this cusp catastrophe model, we introduced the data from
January 2014 to December 2014 into the model. It is easy to find that the data of November is close to the left
bifurcation set. Therefore, according to the model, the oil price mutates in November 2014. In practice, the oil
price falls sharply from $107 to $50 in 2014. According to the definition of mutation point, we can recognize
the negative mutation point in November 2014, which is consistent with the output of the model. In this way,
the correctness of this model is proved.

5. Main conclusion

Targeted at the high volatility of oil prices in the Global Oil Market, this essay introduces the catastrophe
theory into the prediction of oil price mutation. According to Zeeman’s catastrophe machine, this essay builds
the oil price cusp catastrophe model by analysing the related factors, USDX and excess demand function. At
last, conclusion is drawn that there are two types of price changes (1) change continuously (2) change
dramatically. What’s more, it is also proved that price mutation would occur only if the USDX and excess
demand reached certain structural relationship, and either of them could bring about the mutation alone.
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