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Main issues

The main problem facing investors working with fundamental analysis is a relationship between raw material (fuel) prices and stock prices of companies using a given material. Quite popular hypothesis states  that stock prices of fuel companies are to a large extent related to  raw materials prices
. and that increases of raw materials prices on global stock markets are conducive to an upward trend  of fuel companies stock listings while a drop in  these prices contributes to decline of such listings
. Here, we make an attempt to verify this hypothesis basing on the example of the PKNOrlen stock price and crude oil prices in the  ARA market. 

The PKNOrlen company was chosen because of its size, period of stock price quotations and its representativeness for the fuel companies market.  It is the largest  fuel company which has been  listed on the Warsaw Stock Exchange over recent years and its influence on the fuel market is quite significant. Due to the volume  and value of public trading in its shares it may be assumed that their quotations are subject to  only a minimum impact of speculative operations which could undermine the reliability of analyses. On the other hand, having in mind the world’s oil prices we may note a close relation between prices in various markets. The recent studies on causality between oil prices indicate the existence of certain brands of this product that have for many years been considered  as a benchmark of price behavior for other brands.  In this respect, the leading positions are held by the US Texas WTI and the European North Sea Brent. Also the Russian Ural crude is a price benchmark for the world market, while the Iranian Seri Kerir is considered as a “price dictator” among OPEC brands and one of the largest spot markets is in turn the  ARA market. Crude oil quotations in the latter were selected as representative for this analysis. Time series used in this study cover weekly data for the period  2004-2008. Primary series: the PKNOrlen price per share quotations and the ARA market oil prices in cents per barrel are replaced by natural logarithms. At the stage of relation modeling, this allows for interpreting the logarithm difference   as the rate of return..

Comments on relation modeling 

The simplest methods of analyzing relations between values of time series are based on calculations of correlation coefficients. They are the simplest as technique is concerned, but due to certain features of time series (nonstationarity, heteroscedasticity) may provide results of low reliability
. Autoregression models based on integration and co-integration  give in turn better analytical possibilities  and this approach was used in our work
. The analysis covered the following stages:

· analysis of integration level of individual variables (the  PKNOrlen stock prices and crude oil prices in the ARA market). The ADF test was used and the selection of lags during testing was determined on the basis of the Akaike criterion;

· cointegration analysis was carried out by constructing a co integrating vector between the  PKNOrlen stock price listings and the ARA market crude prices and testing stationarity of residual from cointegration regression. The following co integration equation was used:
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where:

yt denotes the  PKNOrlen stock  prices;

xt denotes the  ARA market crude prices.

· transmission analysis based on the autoregression model the concrete form of which depended on the results obtained in the first two stages (Granger’s theorem)
. If stationarity of time series is found then the autoregression model should be applied based upon variables on their levels, in the case of stationary variables level one (stationary first differences of variables) and mutually cointegrated  -   an autoregression model based on first differences of variables with error correction mechanism (Error Correction Model – ECM) as below:
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where:

ECMt-1 – residuals from the cointegration equation .

In the case of non-cointegrated variables an autoregression model without error correction seems to be more appropriate.    The formula 
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 is interpreted as a long-term equilibrium i.e. such a relation between variables that is being approached by these variables in the absence of  random disturbances. Parameter ( relates to the rate of adaptation of the variable  yt to the level of equilibrium and parameters  ( i ( to the  short-term dynamics.

In the equation  (2) we study at the same time the yt response to the short- and long-term changes. If we are also interested in the rate at which the variable yt adopts to positive and negative deviations from the equilibrium level we must estimate the asymmetric model which may be presented as :
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where:
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In our work on modeling  relationships between the PKNOrlen stock prices  and crude prices in the  ARA market  both models (without asymmetry – equation 2 and  including asymmetry – equation 3 ) were applied.  
Impact of crude oil prices on the PKNOrlen stock market prices – model approach
Behavior of  time series for the PKNOrlen stock market index and for the ARA market crude prices in the years 2004-2008 indicates a definite relationship between the two only in the first part of listings (Fig. 1). In the first half of this period both the  PKNOrlen stock market index as well as crude prices in the ARA market were on the rise. In the second half of this period rather strong fluctuations of the PKNOrlen stock prices were noted while the upward trend for crude prices continued. It was not until the end of the investigated period when the simultaneous drop in stock and crude oil prices could be noted. This joint trend is however relatively short. The strongest opposite trend is observed from the mid-2007 to mid-2008.    
Fig 1. ARA crude oil prices and the  PKNOrlen stock index in  2004-2008

Source: own studies (?).

Logarithmic series of the  PKNOrlen stock index  and the  ARA market crude prices are non-stationary while the series of the first logarithmic differences are stationary (table 1). The hypothesis of non-stationarity of the first logarithmic differences was rejected at the significance level below  0,0005.

Cointegration of the time series of the  PKNOrlen stock index and the ARA market crude oil prices was studied with the use of the following equation: Ln(PKNOrlen)=(Ln(ARA) and the parameter thus obtained (=0,9601 is of statistical significance . 

Condition of the series significance are met when residuals of  cointegration equation are stationary. The nonstationarity hypothesis of such residuals was rejected at the significance level of  0,0020 . The above means fulfillment of the second assumption of Granger’s theorem. 

Table 1. Integration and cointegration degree tests .

	Series
	Observations
	First differences 

	
	ADF
	p level
	ADF
	p level

	Ln(PKNOrlen)
	 1.522853
	 0.9684
	-13.70017
	 0.0000

	Ln(ARA)
	 1.027716
	 0.9199
	-10.36886
	 0.0000

	Cointegration equation:
	Ln(PKNOrlen)=0.960092Ln(ARA)
	

	ECM
	-3.106252
	 0.0020
	x
	x


Source: own calculations.

Modeling of the first logarithmic increments of the PKNOrlen stock prices was done on the basis of the long-term relationship with the crude price in the ARA market, delayed logarithm increments of the PKNOrlen listings and the first, non-delayed and delayed logarithmic increments of crude prices in the ARA market (table 2). Statistical analysis of the model indicates that the parameter at EMC and the parameter at non-delayed increments of the ARA crude prices are statistically significant. As it turned out, 1 per cent  change in the ARA crude price brings about  0,2102 per cent  change in the PKNOrlen stock price and as expected direction of this changes is the same. To maintain the long-term equilibrium the PKNOrlen stock price should change by another  0,7898 per cent while  during a week 6,5872 per cent of deviation from a long term equilibrium relationship is reduced   .

Tabela 2. Error Correction Model (ECM) – non-asymmetric.

	Dependent variable
	Independent variable

	
	ECM(-1)
	d(Ln(Orlen)(-1))
	d(Ln(ARA))
	d(Ln(ARA)(-1))

	d(Ln(Orlen))
	-0.065872
	-0.029833
	0.210200
	-0.015626

	
	0.0096
	0.6921
	0.0199
	0.8610


Explanations: the first number in the box  denotes the parameter, the second the significance level.

Source: own calculations.

The reduction of deviation of the  PKNOrlen stock price from a long-term equilibrium with the  ARA crude price is shown in Fig. 2. It takes about a year to eliminate  nearly completely the deviation from the equilibrium caused by change in the ARA crude price. To reduce the deviation by half we need about 2 months, by 75 per cent about 4 months and the 90 per cent reduction takes place  only after about 7 months.
Fig. 2. Return to equilibrium relationship between the  PKNOrlen stock prices and the crude oil price after its change 


Source: own work.

The above model gives a simplified presentation of the PKNOrlen stock price response to crude oil changes in the  ARA market. Asymmetric ECM allows for differentiation between  the influence of positive and negative crude oil price changes in the ARA market upon trends in the PKNOrlen stock prices  (table 3).

Table 3. Asymmetric Error Correction Model (ECM).

	Dependent variable
	Independent variables 

	
	ECT+(-1)
	ECT-(-1)
	d(Ln(Orlen)(-1))
	d(Ln(ARA))
	d(Ln(ARA)(-1))

	d(Ln(Orlen))
	-0.018209
	-0.113949
	-0.043152
	0.201996
	-0.033003

	
	0.6034
	0.0014
	0.5654
	0.0242
	0.7107


 Notes: see table 2.

Model parameters values indicate that the ARA crude price change by one per cent results in change of  the PKNOrlen stock price by 0,2020 per cent. The plus sign denotes the same direction of changes. To maintain the long-term equilibrium with the ARA crude price, the  PKNOrlen stock price should change further by 0,7980 per cent. In this case it is possible to define separately the response of the PKNOrlen stock price change to positive and   negative changes in the  ARA crude price. As it turns out, during the week a  deviation from the long- term equilibrium relationship after the decrease in oil prices is reduced by 1.8209 per cent. However, response to the decrease of crude price is of no statistical significance, but also during the week the 11. 3949 per cent of the same deviation is reduced after the oil  price  increase and such a response is statistically significant. 

The reduction of deviation of the  PKNOrlen stock price from a long-term equilibrium with the  ARA crude price after the  increase or decrease of the ARA crude  is shown in Fig.3. which clearly demonstrates an insignificant response of the  PKNOrlen stock price to the decrease in oil price. During the year only about  70 per cent of deviation from equilibrium relationship after oil price decrease  is eliminated, but  to eliminate nearly in total the deviation from equilibrium caused by the ARA oil price increase about 6 months is required. To reduce a half of deviation after the oil price increase is needed about 1 month, to reduce  75 per cent of deviation requires  about two and a half month and the 90 per cent reduction of deviation occurs already after 4 months.
Fig 3. Return to equilibrium relationship between the  PKNOrlen stock price and crude price after decrease or increase of crude price.  



Source: own calculations .

Summary:

Investigations presented in this work do  not confirm in full the hypothesis put forward at the beginning i.e. that increases of raw materials (crude) prices in the global  markets  contribute to the increase of fuel companies stock prices while the decrease of raw materials prices contribute to the decrease of the latter. The time series analysis of the  PKNOrlen stock prices and the ARA market crude oil  prices proves the first part of this hypothesis, but contradicts the second part.
Apparently, when we observe the side trend of the ARA market crude prices i.e the absence of distinct upward or downward changes the  PKNOrlen stock prices run an independent course and neither short- nor long-term changes are noted.  However, with an upward trend, a significant impact of changes in  the ARA market crude prices was observed. It turns out that the crude oil price increases do have a significant contribution to the fuel company’s stock price growth, while the decrease of these prices are not significant for a drop in stock price.   
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Streszczenie

    W przedstawionym artykule podjęto próbę weryfikacji hipotezy, że notowania spółek paliwowych w sposób istotny zależą od cen surowców. Wykorzystane dane obejmują notowania akcji spółki PKNOrlen oraz notowań spot ropy na rynku ARA. Jest to jeden z podstawowych problemów analizy fundamentalnej. Teoretycznie wyższe ceny ropy na rynkach światowych wpływają na wzrost cen na rynkach krajowych, a ten przyczynia się do wzrostu zysku przedsiębiorstw paliwowych, co ostatecznie skutkuje wzrostem cen akcji. I odwrotnie, efektem spadku cen ropy na rynkach światowych może być spadek cen akcji spółek paliwowych. Do weryfikacji stawianej hipotezy wykorzystano model z Mechanizmem Korekty Błędem bez asymetrii i z asymetrią.

Analiza szeregów czasowych notowań akcji PKNOrlen oraz cen ropy na rynku ARA potwierdza, iż wzrosty cen surowców na giełdach światowych przyczyniają się do wzrostu notowań spółek paliwowych, ale nie potwierdza, iż spadki cen surowców przyczyniają się do spadku notowań spółek paliwowych. Ponadto na stosunkowo długich odcinkach czasu notowania akcji PKNOrlen przebiegają niezależnie od cen surowców.
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