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ABSTRACT  
Purpose -  The rapid change of crude oil price in the international market has attacted several investors into examining price fluctuations. 
The estimation regarding to the exact monthly price of the brent oil has always been a diffucult task in the business sector.   
Methodology -  In this study, the directions of the monthly Brent oil prices from January 2003 to January 2017are analyzed using the 
Markov Chains of Fuzzy States technique. In the first instance, the data are classified into twenty-one fuzzy states, and then calculated the 
probability transition matrix of the fuzzy states for the given period. 
Findings- The directions of the monthly Brent oil prices are analyzed with transition matrix. Next  the steady condition of the Brent oil 
return is obtained. These results give valuable information to decision makers regarding the investment opportunities of Brent oil for the 
short and long term marketing strategies. 
Conclusion- In crucial months, when a monthly return increases or decreases significantly, the proceeding month’s expected return also 
increase or decreases significantly. The proposed model can be used to estimate short term returns (one day) and also employing several 
fuzzy sets may give more investment opportunities. 
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1. INTRODUCTION   

Oil, which is very important in economy, politics and technology, has been used for a long period of time for various 
objectives. Oil is still the most important energy source in the world and it is not expected to change in the next twenty 
years. Oil is very important for many industries and industrialized civilizations, for this reason it becomes one of the most 
important resources for many countries. 

Brent Oil, the largest piece of the global economy, is the highest quality oil in the world after Texas Crude Oil. Brent Oil is a 
valuable raw material because it is a non-substitute scarce natural resource. It is rapidly affected by the developments that 
may occur in the political, economical and social agenda. The result of sudden price changes is among the high investment 
instruments. The price of Brent oil is the first choice on the commodity list of investors.  It may be affected by the oil 
reserves of the governments, the policies of the producer countries and the stock quantities, and the investment policies of 
the oil companies. Among the factors affecting the price in the demand direction are the developments in the economy, the 
usage of the industry, the requirements of the transportation sector, global climate changes and changes in the demand for 
energy use. Oil prices can also be affected by increase or decrease in production among member countries of the 
Organization of Petroleum Exporting Countries (OPEC). It is also necessary to monitor the change in dollar prices due to the 
pricing in US dollars. Brent oil has been tested for the past two decades with a historical minimum of $ 9.55 per barrel in 
1998 and a historic maximum of $ 147.5 per barrel in 2008. 

Apart from being energy and industrial product, oil is a speculative investment tool. The price of oil in the market is 
determined by supply and demand balance and can be invested in oil based on Brent oil.       
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According to the 1998 data published by the International Energy Agency, 35.7% of the global energy requirement is met by 
petroleum. The price of Brent oil is an important indicator for the world energy market and the price of 2/3 of world oil 
supply is determined according to Brent oil. The Brent oil price is used as a reference especially in the trading of oil of 
Europe, Africa and Middle East with Western Countries. 

The modeling and estimation of crude oil price is among the most important topics in the economic area because of its high 
return. Therefore, various studies have been conducted by many researchers to forecast the direction of the oil price. For 
instance, Sadorsky (2006), Narayan and Narayan (2007), and Gileva (2010) used GARCH model and its variants in order to 
model the volatility of oil price. Xie et al. (2006), proposed the support vector machine (SVM) model, and they use it to 
compare prediction efficiency with the conventional time series models. They showed that the SVM has better prediction 
efficiency than the ARIMA model and the back-propagation neural network (BPNN). Guo and Zhang (2012) conducted a 
study using genetic algorithm (GA) SVM, and proved that its forecasting performance exceeds that of the conventional 
SVM.  

In this study,  the probabilistic transition matrix of the closing returns of Brent oil prices are calculated using Markov Chain 
Model of Fuzzy States (MCFS). This method is used for obtaining the data while system moves between bounds of the 
states. Compared to classical Markov Chain technique, it is a more realistic and flexible technique. The present study can 
therefore suggests that investors can get valuable signal about the Brent oil price changes through the use of MCFS. 

The remaining of the article is organized as follows: literature summary in the second section, data and method in the third 
section, findings and discussions in the fourth section, conclusion in the fifth section.  

2. LITERATURE REVIEW 

Fuzzy logic is a form of multi-valued logic that allow intermediate values in form of multi-valued logic, in which the truth 
values of variables maybe any number between 0 and 1. Fuzzy logic is distinct in concept due to different interpretations 
involved where binary sets have true or false valued logic. The variables may have a truth-value that ranges in degree, 
where the truth values can range between completely true and completely false. Fuzzy logic is applied to improve the 
efficiency and simplicity of the systems. 

Unlike Markov Chains alone, MCFS method has started to gain attentions of the researchers. People are beginning to 
understand the significance of Fuzzy Markov Chains and MCFS in decision-making. Research involving properties of Fuzzy 
Markov Chains and applications of Fuzzy States with Markov Chains methods include those conducted by Kruce et al. (1987), 
Yoshida (1994), Avrachenkov and Sanchez (2000), Kuranoa et al. (2006), Pardo and Fuente (2010), Vajargah and 
Gharehdaghi (2012), Zhou et al. (2013), Uzun and Kıral (2017). 

MCFS model can be used to define the problem with fuzzy states when there are lack of information about the system or 
when the states of the system are obvious, but the number of the states is too large to make a decision (Pardo and Fuente, 
2010). 

In the real world situations, it is very difficult to collect crisp data. Moreover, the bounds of the system states are not crisp 
to analyze and make a good decision. Therefore, using Fuzzy sets allows the decision maker to define the problem under 
ambiguous conditions.  

MCFS are the expansion of the Markov Chains to the fuzzy states which can be denoted by fuzzy sets. It is a model based on 
the probabilistic transition of the vague states, which can allow more flexible modeling to the decision maker than the 
classical probabilistic approach with crisp states. 

Kıral and Uzun (2017) classified the daily returns of the Borsa Istanbul (BIST 100) data by using fuzzification and they 
obtained the transition matrix of the fuzzy states. In this study, Fuzzy states of the Markov chains has been defined and 
used for the prediction of the returns of the stock market. They predicted the daily stock returns for randomly chosen days 
and compared with classical Markov model. These study shows that MCFS provides a higher forecasting accuracy to the 
investors compared to MC model. 

In this study Kıral and Uzun (2017)’s method is used for obtaining the direction of the Brent oil price. The above-mentioned 
methodology was used by the author to predict the direction of the gold price movement.  

This investigation first classified the monthly closing returns of the oil prices as fuzzy states with the triangular fuzzy sets 
and then obtained the probability transition matrix of the fuzzy states and showed the steady condition of the oil price 
return. 
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3. DATA AND METHODOLOGY 

The study includes monthly data from January 2003 to January 2017. The monthly weighted average of the Brent oil price 
(US$/barrel) was received from ("Investing.com", 2018). 

The returns 𝑅𝑡 were calculated as a monthly percentage change of the Brent oil price: 

𝑃𝑡; 𝑅𝑡 = (𝑃𝑡 − 𝑃𝑡−1)/𝑃𝑡−1, 

where 𝑡 denotes the sessions(𝑡 = 2,3, . . . , 167).  

The average returns for the given period;𝜇𝑅 is 0,80%and the standard deviation is 8,9% which is 11 times higher than the 
expected return. 

4. FINDINGS AND DISCUSSIONS 

Monthly percentage changes of the Brent oil price are classified with 21 fuzzy states from the high loss 𝑆−10 to high return 
𝑆10 (see in Figure 1). Triangular fuzzy sets are used to define the states and calculate the membership degree of 𝑅𝑡 for each 
month for the period given. 

Figure 1: Fuzzy states for Brent oil price return 
µ 

 

Fuzzy state components of the 𝑅𝑡 are defined as �̃�𝑖 and �̃�𝑖+1 and calculated as following function: 

 If −2.25% < 𝑅𝑡 < 2.25% then 𝑖 = ⟦
𝑅𝑡

0.225
⟧ and 

 

 �̃�𝑖 =
(𝑖+1)(0.225−𝑅𝑡)

0.225
, �̃�𝑖+1 = 1 − �̃�𝑖. 

 

 If  𝑅𝑡 ≤ −2.25% or 𝑅𝑡 ≥ 2.25% then �̃�−10 = 1 or �̃�10 = 1 respectively. 

Table1. Transformed Fuzzy States of The Gold Price Return for Some Months 

Date 𝑅𝑡 �̃�−10 �̃�−9 �̃�−8 �̃�−7 �̃�−6 �̃�−5 �̃�−4 �̃�−3 �̃�−2 �̃�−1 �̃�0 �̃�1 �̃�2 �̃�3 �̃�4 �̃�5 �̃�6 �̃�7 �̃�8 �̃�9 �̃�10 

Jan. 2017 -1,97% 0 0,76 0,24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dec. 2016 12,58% 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Nov. 2016 4,49% 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Oct. 2016 -1.55% 0 0 0 0,89 0,11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sept. 2016 4,29% 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Table 1 shows the fuzzy states components of 𝑅𝑡 for some months. 

After using conditional probability of the fuzzy state �̃�𝑗, given the fuzzy state  �̃�𝑖, the transition probability of fuzzy states �̃� 

for the Brent oil return is calculated: 

�̃� = 

 �̃�−10 �̃�−9 �̃�−8 �̃�−7 �̃�−6 �̃�−5 �̃�−4 �̃�−3 �̃�−2 �̃�−1 �̃�0 �̃�1 �̃�2 �̃�3 �̃�4 �̃�5 �̃�6 �̃�7 �̃�8 �̃�9 �̃�10 

�̃�−10 ,42 ,01 ,01 0 ,01 ,01 ,01 ,02 0 0 0 0 ,04 ,02 0 0 0 0 0 0 ,45 

�̃�−9 ,45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,08 ,37 0 ,10 

�̃�−8 ,57 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,03 ,12 0 ,28 

�̃�−7 ,42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,58 
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�̃�−6 ,49 0 0 0 0 0 0 0 0 0 0 ,27 ,11 0 0 0 0 0 0 0 ,13 

�̃�−5 ,30 0 0 0 0 0 0 0 0 0 0 ,25 ,10 0 0 0 0 0 0 0 ,35 

�̃�−4 ,06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,94 

�̃�−3 ,30 0 0 0 0 0 0 0 0 0 0 0 ,13 ,18 0 0 0 0 0 0 ,39 

�̃�−2 0 0 0 0 0 0 0 0 0 0 0 0 ,42 ,58 0 0 0 0 0 0 0 

�̃�−1 ,15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,85 

�̃�0 ,64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,36 

�̃�1 ,32 0 0 0 0 0 0 0 0 0 0 0 0 ,02 ,02 ,14 ,15 0 0 0 ,36 

�̃�2 0 0 0 0 0 0 0 0 0 0 0 0 0 ,18 ,19 ,08 ,06 0 0 0 ,49 

�̃�3 ,04 0 0 0 0 0 0 0 0 0 0 0 0 0 ,31 ,33 0 0 0 0 ,33 

�̃�4 ,50 0 0 0 0 0 0 0 0 0 0 0 0 0 ,08 ,08 0 0 0 0 ,33 

�̃�5 ,24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,76 

�̃�6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

�̃�7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

�̃�8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

�̃�9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

�̃�10 ,30 
 

,02 ,04 ,03 ,01 ,02 ,01 ,03 0 ,01 ,02 ,02 0 0 ,02 ,01 0 0 0 0 ,47 

The conditional partition degree of transition from �̃�−2 to �̃�3 is easily calculated (�̃�(�̃�3|�̃�−2) = 58%) by looking at the value 

of In �̃�. 

   (�̃�)
5

= 

 �̃�−10 �̃�−9 �̃�−8 �̃�−7 �̃�−6 �̃�−5 �̃�−4 �̃�−3 �̃�−2 �̃�−1 �̃�0 �̃�1 �̃�2 �̃�3 �̃�4 �̃�5 �̃�6 �̃�7 �̃�8 �̃�9 �̃�10 

�̃�−10 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�−9 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�−8 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�−7 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�−6 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�−5 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�−4 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�−3 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�−2 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�−1 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�0 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�1 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�2 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�3 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�4 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�5 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�6 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�7 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�8 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�9 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

�̃�10 ,34 ,01 ,02 ,01 ,01 ,01 ,01 ,02 ,00 ,00 ,01 ,02 ,02 ,01 ,02 ,01 ,00 ,00 ,01 ,00 ,46 

If a monthly return is in the states of  �̃�6,  �̃�7, and  �̃�8 (1.125% < 𝑅𝑡 < 2.025%); the proceeding month’s return will 

increase by a value greater than or equal to 2.25%. However, if the monthly return is in  �̃�9, (1.80% < 𝑅𝑡 < 2.25%); then 

the proceeding month’s return is expected to decrease by a value greater than or equal to 2.25%. It can be seen that it will 

be risky to invest to the Brent oil, if the monthly return is in the intersection interval of �̃�8 and �̃�9 ( 1.80% < 𝑅𝑡 < 2.025%). 
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In (�̃�)
5
, the conditional partition degree of 5 step transition can be seen 
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The steady condition of Brent oil return (𝜋), indicates that no matter the state of Brent oil return in a month, the number of 
gain months will be higher than the number of loss in 5 months. Excel-If Function was used for this calculation . 

5. CONCLUSION 

The directions of the monthly Brent oil price are analyzed with transition matrix. The results obtained give valuable 
information to decision makers regarding the investment opportunities of Brent oil for the short-term and long-term 
marketing strategies. In crucial months, when a monthly return increases or decreases significantly, the proceeding month’s 
expected return also increase or decreases significantly. The proposed model can be used to estimate short term returns 
(one day) and also employing several fuzzy sets may give more investment opportunities. Investors can gain greater return 
in the long run according to the steady condition of Brent oil price. 
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