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Abstract

:

The formation of crude oil prices and their impact on diesel prices represent a significant economic challenge. The economy’s dependence on energy resources means that the development and competitiveness of the economy, as well as the standard of living of society, are contingent upon energy prices, including those of liquid fuels. It is therefore important to recognise the process by which changes in the price of crude oil affect other commodities. The recognition of these dependencies will have implications for political and fiscal decision-making at the governmental level, investment strategies of enterprises, and patterns of consumption. The research presented in this paper concerns the transmission of crude oil prices and the wholesale and retail prices of diesel oil in Poland between 2010 and 2024. A correlation analysis, a Granger causality test, and an impulse response function calculation were conducted. The research demonstrated that crude oil prices are the cause of the formation of wholesale and retail prices of diesel oil. However, the causality between wholesale and retail prices is bilateral, with a stronger flow of impulses from retail prices to wholesale prices than vice versa. These findings have significant implications for the evolution of the retail market. While the current situation may lead to the monopolisation of the market, it also provides decision-makers with the ability to regulate the market, potentially reducing the volatility of retail prices relative to raw material quotations. Furthermore, it offers a means to safeguard the retail market against speculative activities and mitigate the impact of sudden increases in raw material prices.
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1. Introduction


Crude oil is a product closely linked to geopolitical risk, being sensitive to conflict and socio-economic unrest. It is one of the most important products of economic and political influence in the international and domestic arena [1]. However, its importance is predicted to decline over time as demand falls. Today, the situation of oil importers is more difficult, but it is predicted that the socio-economic situation of exporters will be more difficult in the future [2].



The subject of crude oil prices is a topic of considerable debate among those in positions of authority, business leaders, and the wider public. The volatility of crude oil exerts a significant influence on economic risk, while at the same time being subject to the dynamics of the global economy. This is particularly evident in the context of the ongoing transformation of economies towards the adoption of low-emission energy sources [3,4]. Crude oil occupies a dominant position in commodity markets and is one of the most energy-intensive fuels, as evidenced by its presence in both energy and financial markets. Given that crude oil is a strategic commodity, the mechanism of its price formation exerts a significant influence on economic performance [5]. The issue of crude oil price volatility in global markets represents a significant challenge with implications for economic, financial, and political spheres. From an economic perspective, oil price volatility affects the functioning of economies and enterprises, influencing the real price and cost of goods and services. From a financial perspective, the oil market is interdependent with other financial markets, and fuel contracts are also the subject of investments and speculations by stock market investors. From a political perspective, unrest and economic conditions in the fuel market affect the decisions of governments, and the social acceptance of the government depends on the costs that society has to pay for fuels. The international oil market is subject to cyclical fluctuations as a result of geopolitical tensions in OPEC countries and dollar instability, which give rise to shocks in economic activity, government spending, and the monetary and fiscal policies of countries [6]. The implementation of inadequate monetary policy during periods of rising oil prices can have a significantly detrimental impact on the economic situation [7], exceeding the immediate impact of rising oil prices alone. It is essential to gain a comprehensive understanding of the underlying causes of inflation, whether it stems from rising production costs or rising demand, and to adjust monetary policy accordingly.



Nevertheless, it was not always the case that oil prices exhibited such volatility, resulting in such significant economic disruptions. The phenomenon of volatile oil prices began in the 1970s, and over the past two decades, international oil markets have experienced significant disruption, which has had increasingly serious economic consequences [8]. The consequences are asymmetric, with oil price increases having a greater negative impact than the positive impact of oil price decreases [9]. It is challenging to ascertain the relative importance of individual factors influencing oil prices. The strength and direction of the relationship between the oil market and other factors tend to vary depending on the phase of the economic cycle. During each phase of the cycle, the influence of financial markets on oil price volatility is evident [10], particularly in the context of heightened global financial risk [11].



It is crucial to examine the price links in the financial markets and the oil market collectively, as isolated observations may yield erroneous conclusions [12]. The relationship between oil prices and the economy is considered from two principal perspectives: (a) the impact on economic activity and (b) the impact on investor sentiment. Furthermore, fluctuations in oil prices, whether an increase or a decrease, will invariably impact economic activity and investor sentiment. An increase in oil prices will result in a reduction in economic activity among oil importers, leading to an expansion of the current account deficit. Concurrently, within the domestic market, an increase in production costs results in a reduction in the profitability of enterprises, thereby precipitating a decline in the stock market. Conversely, a decline in oil prices, which is beneficial for importers, will have an adverse impact on exporters and may lead to instability in their economies. The volatility of oil prices, which is a consequence of frequent changes, creates a risk of improper credit assessment of the global economy and thus the efficiency of the global banking and financial system [13]. This is particularly the case for oil-importing and -exporting countries. It follows that economic growth is highly susceptible to fluctuations in oil prices, both in exporting and importing countries. This has significant consequences for overall consumption, investment, and productivity, and thus the competitiveness of economies. This creates tensions in the relations between oil-exporting and -importing countries, as well as the need to build an economic system independent of fuel price fluctuations [14]. It is particularly important to build such a system because regulating the oil market alone is not able to prevent sudden price changes [15].



A decline in economic activity and monetary uncertainty leads to a reduction in energy consumption and, consequently, lower oil prices. Furthermore, the causal relationship between oil markets and economic activity is strictly bilateral [16]. A robust correlation exists between oil and financial markets, largely due to a phenomenon known as the financialisation of the oil market. This phenomenon entails the transfer of price impulses between discrete segments of financial markets and the real economy. This phenomenon has been gaining momentum since the widespread use of “green bonds” to finance “green investments” [17], as well as when entrepreneurs factor in the uncertainty related to the formation of global oil prices when calculating future investments, with the aim of developing activities using alternative energy sources [18]. It is of the utmost importance to gain an understanding of the volatility of oil and the processes that give rise to this volatility, as it has a significant impact on the economy and geopolitics. When focusing on financial market issues, monetary uncertainty, exchange rate fluctuations, and other financial issues, it is important to relate them to global economic and geopolitical conditions because they will collectively affect oil markets. Many studies, especially those based on linear models, focus on a single pattern of relationships. However, considering the potential nonlinearity and, thus, changing pattern of the relationship between oil volatility and the economy can help better explain these important processes [19].



The solutions to stabilise the oil market include the implementation of measures that will enhance economic stability and certainty, as well as political stability in the context of the economy. Additionally, it is essential to ensure the availability of accurate and comprehensive information in financial markets, which will facilitate the limitation of market speculation, enhance market efficiency, and enable investors to make informed investment decisions while reducing potential price risk [20]. The issue of political stability is a significant concern, as research has indicated that geopolitical factors may have an impact on oil markets [21]. Meanwhile, the geopolitical factor is typically regarded as a standard element. A number of studies have demonstrated that political events exert a significant influence on the sentiment of the international oil market, investor behaviour, and decision-making processes [22]. It is evident that oil is a commodity and asset with a unique geopolitical nature. The rigid global demand and significant distribution imbalances inherent to oil intensify its geopolitical character, rendering it susceptible to manipulation for political gain in various countries [23]. Consequently, political tensions and regional conflicts are inextricably linked to the volatility of the oil market and oil price fluctuations [24].



It is evident that fluctuations in oil prices can influence the strategic decisions of companies. Furthermore, the relationship between strategic investments and oil price volatility is well established and can be described as U-shaped [25]. Strategic investments represent a significant decision-making process for companies, as they have the potential to confer a competitive advantage through cost reduction and product differentiation, ultimately leading to value creation [26].



The most significant source of uncertainty influencing corporate investment decisions is the price of oil. The 2005 conference, entitled “The Top Ten Financial Risks to the Global Economy. A Dialogue of Critical Perspectives”, addressed the pivotal role of oil prices in the global business landscape. At this conference, global oil supplies and rising oil prices were identified as the most significant source of risk in the contemporary era and as a source of risk that will continue to grow in the future [27]. It can be stated that these predictions have been entirely validated by recent events, as evidenced by the pandemic period and the subsequent post-pandemic period [28,29,30], as well as the ongoing conflict between Russia and Ukraine [31,32,33].



A significant aspect of the formation of oil prices is its correlation with the exchange rate. There has been considerable debate surrounding the relationship between oil prices and the US dollar exchange rate, with the hypothesis of an appreciation of the US dollar and a simultaneous decline in oil prices being tested. Similarly, the empirical studies conducted do not yield a definitive conclusion regarding the direction of causality, namely whether oil prices or the US dollar exchange rate is the primary driver. The evidence suggests that this relationship is likely to be bidirectional. There are strong links observed between exchange rates and oil prices in the long run. However, in the short term, both exchange rates and oil prices are potentially useful predictors of the second variable, but these effects are highly time-varying [34].



A review of historical studies indicates that earlier research suggests oil prices are the primary driver of the dollar exchange rate [35,36], while more recent studies have proposed that the nominal appreciation of the US dollar is a key factor influencing oil price movements [37]. The hypothesis of a bidirectional relationship is currently gaining traction, although it is important to note that the results of causal assessments may vary depending on whether the nominal or real approach is taken, and also when interest rates are considered [38]. This approach posits that exogenous fluctuations in the real interest rate in the United States affect the real price of oil, partly through an impact on the real value of the US dollar [39]. Conversely, some posit that the real interest rate in the US responds to shocks in oil demand and supply, which in turn give rise to fluctuations in the real price of oil [40,41].



The crude oil market has significant implications for the wholesale and retail liquid fuels market. Nevertheless, it is sometimes presumed that the pricing strategy employed by wholesalers is not aligned with the prevailing market dynamics. In numerous countries, fuel markets are monopolised, or the barriers to entry into this market are so substantial that they restrict competition. A review of the literature reveals that in the wholesale segment, legal frameworks in many countries act as a significant barrier to the entry of new competitors into the market, thereby facilitating the control of this market by existing oil companies. Conversely, the retail market appears to be more competitive, with a discernible process of consolidation. The prevailing concession prices are so elevated that only the largest companies can sustain them, resulting in the elimination of smaller entities from the market [42].



In the case of oil-importing countries, the prices of the raw material are exogenous to retailers located in the domestic economy. Consequently, the process of adjusting retail fuel prices represents a pivotal component of the transmission mechanism of crude oil prices. This process gives rise to a number of interesting issues. These include whether changes in the prices of the raw material are transmitted to retail prices, and if so, how fast and how strong is this process, and whether this process preserves the features of symmetry or is an asymmetric process. The issue of asymmetry in the reaction of retail prices to changes in the prices of the raw material is a topic that is frequently discussed. It is a commonly held view that increases in retail prices occur more rapidly and to a greater extent than decreases in response to increases or decreases in the prices of the raw material. Meanwhile, this issue is not so straightforward. While there is no doubt that the relationship between crude oil prices and the prices of refined products implies the integration of the refined products market with the crude oil market, which is a rather obvious consequence of the production process [43], it is not immediately evident how this integration affects the price formation process.



In some studies, it has been observed that the speed of adjustment of retail prices in response to changes in raw material prices can be considered to be symmetric. Nevertheless, despite the aforementioned rigidity of retail prices, they are not as volatile as raw material prices. Nevertheless, a review of the literature reveals that some studies have not identified evidence indicating that increases in oil prices are passed on to retail customers to a greater extent than decreases in oil prices [44]. However, other studies yielded disparate results. The response to an increase in oil prices was a rapid increase in diesel prices, while a decline in oil prices was accompanied by a gradual decline in diesel prices [45]. Therefore, asymmetric reactions are more pronounced when oil prices increase than when they decline. The findings lend support to the proposition that this asymmetry manifests at both the retail and wholesale price levels. Nevertheless, when considering the number of articles that have indicated the occurrence of asymmetry, as well as those that have not, it can be concluded that the issue remains unresolved. Perdiguero-García offers an explanation for the discrepancy in the obtained results, namely that the degree of competitiveness of the studied market may be a factor [46]. Increased competition can significantly reduce the probability of asymmetric behaviour. Furthermore, the results are contingent upon the popularity of specific engine types. The increased utilisation of diesel engines engenders a more pronounced downward stiffening of this fuel, relative to gasoline, which exhibits greater flexibility [47].



The potential role of the tax system in the transmission of oil prices is a topic worthy of further investigation. The question thus arises as to whether it is feasible to utilise the tax system as a means of mitigating oil price fluctuations. A variety of solutions are currently being developed. One of the proposed solutions is the implementation of an automatic fiscal mechanism comprising reductions in specific taxes that correspond to the increase in oil prices. Such a system may prove effective, but it would require a comprehensive combination of the entire tax system, including both excise taxes and value-added taxes. An alternative approach would be to utilise a market regulator to prevent the formation of monopolies [48]. The most popular solution of this type is to regulate tax rates by decision-makers [49]. However, for government interventions to be effective, it is necessary that the entire system should be competitive in order to mitigate the potential abuse of market power by monopolists [50].



The research issues of the article focus on Poland, which is an oil importer. As such, it faces similar problems to other oil-importing economies, so similarities and differences can be considered in other such countries. For the time being, the basic energy resource for Poland is coal, of which Poland has significant deposits, but in view of the energy transformation, it will have to be replaced by other energy resources. Potentially, coal is the easiest to replace with oil, but it is also considered to be a source of significant CO2 emissions [51]. Meanwhile, imported crude oil currently covers 97% of Poland’s demand for this raw material [52]; it is a raw material that is considered critical because it currently has no real substitute [53] and its impact on the country’s economy is growing [54]. Therefore, understanding the processes of fuel price formation, including diesel oil, is a strategic issue, as it allows for more effective development of macroeconomic and geopolitical strategies.



The research presented in this paper examines the influence of wholesale prices of diesel oil and crude oil prices, as well as the exchange rate, on retail prices of diesel oil. It can be reasonably assumed that a straightforward relationship exists between the variables in question. An increase in crude oil prices and a depreciation of the domestic currency should exert an influence on the growth of wholesale prices of diesel oil, which in turn should lead to an increase in retail prices of diesel oil. In a context of declining crude oil prices and a strengthening domestic currency, a reduction in the wholesale price of diesel oil can be anticipated, which should subsequently result in a decline in the retail price of diesel oil. It is acknowledged that this simplified representation of the price formation process is an oversimplification of reality, given the multitude of factors influencing the final price of diesel oil. However, the research in question can address several pivotal questions:




	
Q1: To what extent are fluctuations in diesel retail prices attributable to shifts in diesel wholesale prices, crude oil prices, and the exchange rate?



	
Q2: Is the relationship between diesel retail prices and diesel wholesale prices, crude oil prices, and the exchange rate a stable one over time?



	
Q3: What external factors could potentially impact the strength and directionality of the causal relationship in the fuel market?








The responses to these queries will facilitate a more comprehensive understanding of the mechanisms governing the fuel market, substantiate the enforcement of market regulations, and discern potential divergences from the anticipated price transmission dynamics within the production process. Additionally, it will elucidate the pricing strategies adopted by refinery companies and the ramifications of these strategies on fuel price formation.



The final price of a product is contingent upon a multitude of factors, including the cost of raw materials, transportation, storage, processing, taxes, and numerous others [55]. In the context of fuel retail pricing, the prices of crude oil on global exchanges and the exchange rate are identified as the primary cost, directly influencing the wholesale prices of fuels, as well as the conversion of wholesale prices to retail prices. For Poland, this process can be illustrated as in Figure 1.



In the initial model, it can be assumed that the relationships studied are unidirectional. However, economic processes are much more complex, so in the later part of the research, bilateral relationships will also be allowed and tested, and it will be examined whether the nature of these relationships is constant or variable over time. Factors influencing the change in the nature of the causal relationships will be sought. This study can be seen as an addition to the current knowledge of the interdependencies in the fuel market and the causality from the formation of crude oil prices to the formation of diesel prices, extended by the influence of the exchange rate and wholesale prices, for a country that is an importer of the raw material. In addition, examining interdependencies by subperiod can provide important information about the impact of political and economic events on the price formation process, and thus help to draw conclusions about market efficiency.




2. Materials and Methods


The research material comprises time-series data on fuel prices and quotations from the global market, as well as data specific to Poland. The objective of the research is to examine the transmission of prices from the raw material market, through the wholesale market, to the retail market. Accordingly, the evaluation pertains to the formation of prices at subsequent stages of fuel production and distribution. A significant aspect to consider is the influence of the exchange rate, given that crude oil quotations on global markets are expressed in USD, whereas wholesale and retail fuel prices in Poland are in PLN. Consequently, it is essential to convert the raw material prices from USD to PLN. Accordingly, the analysis encompassed the following time-series data:




	
Brent crude oil quotations expressed in USD/bbl (original data; data shared by https://www.investing.com/commodities/brent-oil (accessed on 19 November 2024)).



	
USDPLN exchange rate quotations. The Brent crude oil data were converted in accordance with the mean USDPLN exchange rate for a given week (data shared by https://pl.investing.com/currencies/usd-pln (accessed on 19 November 2024)).



	
The wholesale prices of diesel oil in the PKNOrlen (Płock, Poland) offer, expressed in PLN/m3 (data shared by https://www.orlen.pl/pl/dla-biznesu/hurtowe-ceny-paliw#paliwa-archive (accessed on 19 November 2024)).



	
The retail prices of diesel oil in Poland (data shared by https://www.bankier.pl/gospodarka/wskazniki-makroekonomiczne/on-pol (accessed on 19 November 2024)).








All prices are average weekly prices and apply to the period from January 2010 to October 2024.



The descriptive statistics included the mean, standard deviation, and coefficient of variation. In light of the observed change in the direction of the relationship between crude oil quotes and the exchange rate, the coefficient of variation and its potential consequences for the fuel market in Poland were compared.



The research was divided into three sections:




	
The formation of crude oil quotes and diesel oil prices (partial answer to questions Q1 and Q2):




	
The charts of the quotations and prices were presented. The number of cycles, the duration of each cycle, and the degree of similarity between individual time series were of interest.



	
The correlation between the variables was assessed in order to determine the consistency of the observed trends. The aim was not to examine the cause–effect relationship, but rather to ascertain the statistical consistency of the observed values.



	
The descriptive statistics included the mean, standard deviation, and coefficient of variation. In light of the observed change in the direction of the relationship between crude oil quotes and the exchange rate, the coefficient of variation and its potential consequences for the fuel market in Poland were compared.








	
The formation of rates of return for crude oil quotes and diesel oil prices (partial answer to questions Q1 and Q2):




	
The graphs of the rates of return are presented. The ordinate axis on all graphs is scaled in the same way, which allows for the observation of differences in the strength of short-term fluctuations and the occurrence of periods of typical and above-average variability.



	
A description using statistics is provided, including minimum, maximum, average, and standard deviation. This approach confirmed the scale of short-term fluctuations.



	
The strength and direction of the short-term relationship were determined by assessing the correlation. As with the study of price correlation, no cause-and-effect relationship was examined; instead, only the statistical consistency of the formation of rates of return was considered [56].








	
Tests of causal dependence on the fuel market (answer to questions Q1, Q2, and Q3):




	
Tests of causal dependence were conducted on the return rate series, which are stationary series [57]. The stationarity of the series was evaluated through the implementation of augmented Dickey–Fuller (ADF) tests [58]. The results were not included in the final analysis as they did not constitute a fundamental part of the research. Nevertheless, the stationarity of time series is a fundamental assumption for the subsequent application of Granger tests and the impulse response function.



	
The Granger test [59] for return rate series was applied to the return rate time series separately for two time periods:




	-

	
A: January 2020 to December 2020;




	-

	
B: January 2021 to October 2024.









This division was justified by the detected change in the relationship between crude oil prices and the exchange rate, which had important implications for the fuel market in Poland. The Granger test was applied using two lags:


   x t  =    a 1  +    a  1.1    x  t − 1   +    a  1.2    x  t − 2   +    b  1.1    y  t − 1   +    b  1.2    y  t − 2   ,  



(1)






   y t  =    a 2  +    a  2.1    x  t − 1   +    a  2.2    x  t − 2   +    b  2.1    y  t − 1   +    b  2.2    y  t − 2   ,  



(2)




The Granger test verified two null hypotheses:


  H 0 :  b  1.1   =    b  1.2   =   0 ,  



(3)






  H 0 :  a  2.1   =    a  2.2   =   0 ,  



(4)




which means that Y is not the cause of X in the first equation and X is not the cause of Y in the second equation.



The F statistic was provided, which was interpreted as the causality strength statistic, along with the significance level p. The critical level was identified as p = 0.05.



	
The impulse response function [60] was employed to ascertain the impact of specific variables on the prospective evolution of variables deemed dependent. The impulse response function facilitated a comparative assessment of the potency of the influence of individual variables and time delays in cause-and-effect reactions. The values of the impulse response function were presented in graphical form.



	
This paper presents a comprehensive analysis of the most significant macroeconomic and strategic events related to PKN Orlen in the period between 2021 and 2024. In light of the anomalous market behaviour observed between January 2021 and October 2024, an in-depth examination was conducted to identify potential external factors that could exert influence over the fuel market.



	
Granger test for the series of rates of return in subperiods determined by the most important macroeconomic and strategic events related to the PKN Orlen company. The outcomes of this test conducted in subperiods facilitate the determination of the influence of external events on the price transmission processes in the fuel market.













An important problem in assessing causality is the temporal aggregation of variables. The most valuable results can be obtained on the basis of series with a natural, primary frequency [61,62,63]. Otherwise, the causal relationships obtained may turn out to be spurious. In the present study, data with a weekly frequency are analysed. Such data are available for retail fuel prices, the source of which is given above. This is a research limitation that should be taken into account when looking at the results of empirical studies.




3. Results


The study is divided into three parts. The first two parts describe the formation of a time series of price levels and rates of return and the correlations between the variables. This research provides a partial answer to questions Q1 and Q2. The research in the third part concerns the cause–effect relationship and provides an answer to questions Q1, Q2, and Q3. The research results are presented in such a way that they begin with the presentation of the original data and end with the determination of the importance of political and economic factors for the obtained cause–effect relationships.



3.1. The Formation of Crude Oil Quotations and Diesel Prices


The fuel market is characterised by discernible cyclical fluctuations. The periods of growth and decline are not identical in length or strength, but in the period under review, three distinct price cycles can be distinguished. The initial cycle encompasses the period between 2010 and 2015, with a peak in prices occurring in 2011–2012. The subsequent cycle covers the years between 2016 and 2020, with a peak in prices occurring in 2018. The third cycle, which includes the years between 2020 and 2024, has a peak in prices occurring in 2022. The lowest prices on the global crude oil and diesel oil markets in Poland were recorded during the second cycle, while the highest prices on the global crude oil market were observed during the first cycle; the highest diesel oil prices in Poland were recorded during the third cycle (Figure 2).



The presented data demonstrate that an important factor influencing fuel prices is the exchange rate. It can be observed that the strength of cyclical fluctuations of Brent crude oil prices, expressed in USD and in PLN, differs. In the case of prices expressed in USD, that is to say the original data, the highest prices were observed during the first cycle. In contrast, in the case of prices expressed in PLN, the highest prices were recorded during the third cycle. This resulted in the highest wholesale and retail prices for diesel oil during the third cycle.



The consistency and similarity of trends and cycles in the time series of crude oil and diesel oil can be confirmed by a correlation assessment (Table 1). The correlation between wholesale and retail prices is found to be the strongest and almost complete (r = 0.9731). Conversely, the correlation between the original crude oil prices expressed in USD/bbl and wholesale and retail prices of diesel oil is less pronounced but positive (r = 0.5218 and r = 0.5661). The results differ significantly when crude oil prices are converted from USD to PLN. Subsequently, the correlation between the prices of the raw material, Brent crude oil, expressed in PLN/bbl, and the wholesale and retail prices of diesel oil becomes considerably stronger (r = 0.8550 and r = 0.8626). This substantiates the assertion that both the prices of the raw material and the exchange rate are significant factors influencing the wholesale and retail prices of diesel oil.



The significance of the exchange rate is illustrated in Figure 3. Furthermore, the significance of this factor has undergone a transformation over time. A division of the examined time period into two parts, 01.2010–12.2020 and 01.2021–12.2024, reveals that during the first period, the relationship between oil prices and the exchange rate was characterised by a strong negative correlation (r = −0.8364). This implies that as the price of crude oil increased, the value of the dollar decreased, and vice versa. In the second period, however, this relationship was, on average, strong but positive (r = 0.6398), indicating that a higher price for crude oil corresponded to a higher price for the dollar, and a lower price for crude oil to a lower price for the dollar. The division into these two periods corresponds to the level of inflation in Poland. In period A, inflation was stable and low, while in period B, it was higher and unstable. Period B is also a post-pandemic period, but it was not the pandemic that was important, but the application of expansionary fiscal and monetary policies by the Polish authorities, which caused an increase in inflation from 2021 onwards.



This alteration in the correlation between oil prices and the exchange rate had significant ramifications for the transfer of volatility from prices denominated in USD/bbl to those expressed in PLN/bbl (Table 2).



In the initial period (01.2010–12.2020), the notable volatility of quotations, as indicated by the coefficient of variation (V = 35.9%), was constrained by the inverse relationship with the exchange rate, reaching a level of V = 31.2%. This is a significant finding, as the initial period encompasses more than two quotational cycles with markedly disparate price levels, thereby contributing to the observed high volatility. In the second period (01.2021–10.2024), when Brent oil quotations and the exchange rate were positively related, the volatility of crude oil quotations in USD/bbl, converted to PLN/bbl, increased from V = 16.3% to V = 21.6%.



It is noteworthy that this occurred at comparable levels of average prices, with the first period averaging 76.77 USD/bbl and the second averaging 83.43 USD/bbl, representing an 8.68% increase. Meanwhile, after converting prices to PLN in the first period, the price of crude oil was on average 258.87 PLN/bbl, and in the second period on average 346.78 PLN/bbl, indicating a 33.96% increase. Consequently, the positive correlation between crude oil prices and the exchange rate is disadvantageous for the domestic economy, as it elevates prices and amplifies price volatility. Consequently, domestic entities are compelled to bear the burden of higher fuel costs, while also being exposed to amplified fluctuations in wholesale and retail prices.




3.2. Formation of Rates of Return on Crude Oil and Diesel Prices


The rates of return of crude oil and diesel prices exhibit a notable disparity in the strength of fluctuations (Figure 4, Table 3). The greatest fluctuations are observed in the rates of return of crude oil, which are situated within the range (−25.32%; 33.17%) with a standard deviation of 4.86 p.p. (prices expressed in USD/bbl) and within the range (−23.26%; 28.04%) with a standard deviation of 5.07 p.p. (prices expressed in PLN/bbl). The rates of return of wholesale prices of diesel oil exhibit a markedly lower degree of diversity, encompassing a range of (−16.22%; 19.46%) with a standard deviation of 2.32 p.p. Conversely, the retail prices of diesel oil display the least diverse range, spanning (−11.84%; 23.10%) with a standard deviation of 1.62 p.p.



The results demonstrate that the volatility observed at each subsequent stage of the fuel production and distribution process, beginning with the raw material crude oil and extending to the wholesale and retail prices of diesel oil, is diminished. It is also noteworthy that the volatility observed in the fuel market is not constant, with periods of low volatility and periods of significant volatility. The occurrence of global unrest, conflicts, unexpected events, pandemics, and other factors can contribute to an increase in market volatility.



The correlations of the time series of the rate of return (Table 4) are considerably weaker than those of the series of quotations and prices. This is a relatively common occurrence. In this case, the rates of return of crude oil quotes expressed in USD/bbl and PLN/bbl are found to be strongly related (r = 0.9423). The remaining dependencies are considerably weaker, with a correlation below 0.4. Notably, the dependence of the rate of return of crude oil quotes on changes in the exchange rate and wholesale prices is r = 0.3658, while the dependence of the rate of return of wholesale prices and retail prices is r = 0.3962.



The relatively weak correlations observed in the rate-of-return relationship may be indicative of a specific characteristic of the fuel market. Alternatively, the presence of time lags and leads could be a contributing factor, necessitating the examination of dependencies with consideration of such effects, which may result in weaker correlations.




3.3. Cause–Effect Relationship Tests on the Fuel Market


The results of the correlation between quotations and prices (Table 1) indicate the presence of robust and persistent price trends in the fuel market, encompassing both raw materials and final products. Conversely, the results of the correlation between the return rate (Table 4) indicate that the short-term impact on the fuel market is considerably less pronounced. However, from the perspective of price formation policy, this is of particular importance, as it is the return rate relationships that demonstrate the speed with which impulses from one market are transmitted to another. The theory of econometric modelling also indicates that relationships based on return rates facilitate the avoidance of spurious relationships. Furthermore, the most significant advantage of models based on return rates is the capacity to determine time lags in the reaction between variables.



The results of the research, based on the Granger causality test (Figure 5), revealed a number of interesting properties. The research was conducted over two distinct time periods. The division of the entire period was consistent with the critical point of change in the correlation between the exchange rate and crude oil prices.



A: January 2020–December 2020;



B: January 2021–October 2024.



The division revealed not only a change in the direction of the correlation between the exchange rate and crude oil prices but also changes in the strength and direction of the causal impact at individual stages of fuel production and distribution.



The analysis of the impact of crude oil prices on wholesale diesel prices in Poland reveals that, in both periods A and B, the rates of return on crude oil prices exerted a statistically significant influence on the rates of return on diesel prices in Poland. This is applicable to both the impact of the rate of return on original quotations expressed in USD/bbl and the rate of return on crude oil quotations after taking into account the exchange rate. The Granger test significance level was consistently p = 0.0000, while the F statistic values indicated a decline in the strength of this causality in period B (from F = 136.71 or F = 117.81 to F = 20.44 or F = 17.73, respectively). Nevertheless, the relationship remained highly statistically significant. These findings align with the anticipated outcomes.



The causal relationship between the rates of return on wholesale and retail prices is different. In period A, a bilateral relationship was observed, whereby wholesale price returns shaped retail price returns (F = 7.1992; p = 0.0008), and at the same time, retail price returns shaped wholesale price returns (F = 95.956; p = 0.0000). A comparison of the F statistics indicates that the reverse relationship, namely from retail price returns to wholesale price returns, was more pronounced.



However, the most intriguing result is that observed in period B, wherein the cause–effect relationship is reversed and unidirectional. Therefore, it can be concluded that wholesale price returns are not the primary cause of retail price movements (F = 0.0931; p = 0.9111). However, retail price returns do exert a notable influence on wholesale price fluctuations (F = 116.24; p = 0.0000). Given the considerable magnitude of the F statistic, this relationship can be regarded as particularly robust. Furthermore, in period B, the impact of retail price returns on wholesale prices is found to be more pronounced than the influence of crude oil quote returns.



The best way to observe how individual quotes and prices react to each other is to use the impulse response function (Figure 6). The primary models for this function were VAR models for period A: 01.2010–12.2020 and period B: 01.2021–10.2024, which are included in Appendix A. The order of the variables was arranged according to Figure 1, i.e., the order was assumed according to the flow and transformation of the raw material. It should be noted that the entire analysis concerns the increments of the variables.



It turns out here that the rates of return on crude oil quotes expressed in the original currency USD/bbl are the most independent and depend only on their lags. Moreover, in the first period, it is a positive autocorrelation, which is responsible for the formation of long-term trends.



The reaction of the USDPLN exchange rate is presented as the second one. The exchange rate also turns out to be a relatively independent variable, and is also subject to trends. However, it is worth noting that the A (left) chart shows an inverse relationship with the rates of return on crude oil quotes, while the B (right) chart shows a consistent relationship with the rates of return on crude oil quotes, which was the subject of the previous description. However, what is quite interesting is that in period B there was a positive impact of the rates of return on retail prices, so retail prices became an important factor influencing the increase in the USD exchange rate or the weakening of the PLN exchange rate. This is the effect of increased inflation, which took place in Poland in 2022–2023.



Another variable is wholesale prices of diesel oil. They also turn out to be a variable that remains under the positive influence of their lags, and therefore a variable that is subject to trends. However, in both periods A and B, an additional influence of the rates of return of crude oil prices and the rates of return of retail prices is visible, but interestingly, this is a reaction that occurs two weeks after the impulse occurs. Therefore, some time is needed before wholesale prices react to the impulse from the rates of return of the other variables. However, this reaction is very strong. In turn, the reaction to changes in the exchange rate is positive, i.e., an increase in the USD price affects the increase in wholesale prices, but the significance of this reaction changed, because in period A it was a quick reaction, with a strength similar to the strength of the impact of crude oil prices, but already in period B, the significance of the impact of the exchange rate clearly decreased.



The last variable is retail prices. It turns out that, like all the others, retail price returns positively depend on their own lags. This is a relationship with a one-week lag, so it is responsible for the formation of trends. However, the influence of the remaining variables is interesting because it turns out that retail price returns react more strongly to crude oil quote returns than to wholesale price returns. On the other hand, they depend very weakly on changes in the exchange rate, which means that the exchange rate can be considered to have no direct effect on the behaviour of retail diesel prices—only an indirect effect through wholesale prices.



Since period B turns out to be a very interesting period with unusual properties, an attempt was made to identify key events that took place in this period and were related to the domestic economy and the most important company processing and supplying fuels on the Polish market—PKN Orlen. These events are presented in Figure 7.



After dividing period B into subperiods, it turns out that the rates of return on wholesale prices of diesel oil were not a significant cause of the rates of return on retail prices in any of the subperiods (always p > 0.1 for the relationship d_Diesel (wholesale) → d_Diesel (retail)), while, conversely, it turns out that the rates of return on retail prices were always a significant cause of the rates of return on wholesale prices (always p < 0.001 for the relationship d_Diesel (retail) → d_Diesel (wholesale)) (Table 5).



The impact of the rates of return on crude oil prices on the rates of return on steel mill and retail prices is also interesting. It turns out that in subperiods B1–B2, B2–B3, and B5–10.2024, the rates of return on crude oil prices are a significant factor shaping the rates of return on wholesale and retail prices (always p < 0.01). On the other hand, in subperiods B3–B4 and B4–B5, the rates of return on wholesale and retail prices behaved independently of the rates of return on crude oil prices (always p > 0.1). It is therefore interesting to determine what characterised this unusual period. It turns out that it was the period immediately preceding the parliamentary elections and the period after the parliamentary elections, which may have had an impact.





4. Discussion


Poland is an crude-oil-importing country. The problems it faces include unstable commodity prices. They have a significant impact on the prices of finished fuels. Therefore, they are important for the development of the economy as a whole. Until recently, the exchange rate played the role of a volatility stabiliser. However, with the intensification of inflationary processes, the situation has changed. The volatility of commodity prices increased, and in 2022, with rising world crude oil prices and a weakening national currency, the government was forced to intervene in the market. The VAT rate was temporarily lowered. This is not an instrument that is used very often, so describing the cause-and-effect relationships between raw material prices and finished fuels in different periods provides important insights. By recognising this process, it is possible to apply a more effective macroeconomic policy.



The relationships between factors influencing the fuel market are intricate and multifaceted. In a typical scenario, it can be anticipated that fluctuations in raw material prices will have an impact on wholesale prices, which in turn will influence retail prices [64,65]. However, alternative scenarios may also be conceivable, entailing a two-way or reverse cause–effect relationship [66,67]. It is similarly conceivable that no cause–effect relationship exists. A great deal depends on the competitive strength of companies participating in the exchange of goods, the international nature of the market, and thus the impact of the exchange rate, the existence of monopolies, and the influence of the state and institutions regulating the market [68,69,70]. The case of Poland provides a classic example of the dependence of the domestic market on oil prices on foreign markets. Nevertheless, government market interventions may prove to be a crucial element in the context of the domestic market.



The fuel market is a distinctive market in a number of ways. It is a market that is of interest to various groups. Given its substantial scale and pivotal role in economic activity, the fuel market gives rise to a multitude of social sentiments [71,72] and even strains in international relations [73,74]. As a net importer of crude oil, Poland exerts a limited influence on the global pricing of this raw material. The research findings indicate that the Polish fuel market is a world price taker, given the strong dependence of wholesale and retail prices on crude oil prices. Conversely, the price relations on the domestic market, that is to say the relation of wholesale and retail prices, can be shaped by both market conditions and political conditions [75]. The significance of this market warrants consideration of its impact on economic growth and public opinion. In Poland, as in many other countries, the level of competition in the fuel market is relatively low. The market is dominated by the State Treasury—controlled by the company PKN Orlen. The company in question exercises control over the wholesale market, in addition to holding the position of the largest retailer and serving as the principal supplier of fuels to other retailers. As a result, this market is vulnerable to political intervention. The relationships identified in the subperiod spanning January 2021 to October 2024 unambiguously demonstrate that the period preceding the parliamentary elections was characterised by divergent price dynamics compared to the post-election period. Firstly, it was observed that there was no direct correlation between the retail and wholesale price levels. The influence of wholesale prices on retail prices was found to be the lowest among all the periods under investigation. Conversely, the impact of retail prices on wholesale prices was statistically significant, indicating that this was the period with the strongest reverse causal effect.



The investments made in electromobility in recent years have not resulted in a notable decline in interest in liquid fuels, which is in line with the anticipated outcome [76]. In 2023, the number of registered vehicles in Poland is projected to reach 27.04 million, an increase of 672,000 from the previous year. Concurrently, approximately 69,000 electric vehicles are registered. Despite the growth of the electromobility market, government subsidies and the development of charging stations [77], numerous challenges remain, indicating that the demand for liquid fuels will continue to grow for an extended period. Furthermore, the economic impact of this phenomenon will persist for an extended period. Consequently, the construction of systems capable of withstanding fluctuations in oil prices remains a significant challenge [78]. The extent of these changes, even in a relatively short period, can be observed by examining the data presented in the article. During the period under review, there were occasional drops in crude oil prices to 20 USD/bbl, with multiple instances where prices exceeded 120 USD/bbl. Diesel prices ranged from 3.69 PLN/l to 8.08 PLN/l. This is therefore an important challenge for the entire economy, as it is estimated that the share of transport is about 6–7% of Polish GDP, but about 50% of Polish GDP is generated by industries for which transport costs are a critical cost [79]. These results suggest that Poland is not immune to changes in crude oil prices on world markets, which is extremely difficult to achieve for an importing country.



It is incontestable that fluctuations in the price of crude oil have a direct impact on the economy, particularly in terms of the price of diesel. However, the repercussions on the economy and society are far-reaching and multifaceted. The demand for liquid fuels is inelastic, meaning that an increase in the expenditure on liquid fuels will result in a corresponding decrease in expenditure on other goods. This implies that an increase in fuel prices will simultaneously lead to higher production costs for other products and a reduction in their consumption due to rising prices and constrained funds allocated for consumption [80]. Consequently, measures to stabilise this market are of paramount importance. This social acceptance of the current level of fuel prices may explain why the cause-and-effect relationships in the wholesale-to-retail price relationship are reversed.



In the context of market instability, it is challenging to make strategic investments [81]. In the period between 2010 and 2024, the oil market experienced several periods of heightened volatility. The first half of 2020, in particular, was characterised by a significant rise in price volatility, largely driven by uncertainty surrounding the global impact of the pandemic. Additionally, the first half of 2022 saw a disruption to the market following the outbreak of the Russian–Ukrainian conflict, after a period of relative stability. While the global oil market was most significantly influenced by the advent of the pandemic, in Poland, the commencement of military operations in Ukraine constituted the most pivotal external event. It is, however, worthy of note that at each subsequent stage of fuel production and distribution from raw material to retail prices, the price volatility decreases. From the perspective of the final consumer of fuel, this situation is beneficial. The view that energy products, including liquid fuels, can be employed as a political instrument appears to be well founded [82,83,84]. This can be a political instrument deployed in both international and domestic relations. Consequently, the view that the most significant source of risk at present is oil price volatility can be substantiated.



The exchange rate is a significant factor in the transmission of crude oil prices [85,86]. In circumstances where elevated oil prices are associated with a depreciation of the dollar, and conversely, lower oil prices are linked to an appreciation of the dollar, the volatility of prices expressed in national currencies is comparatively lower than that observed in dollars. In this sense, regardless of the direction of causality in the crude oil–dollar relationship, the exchange rate serves the function of a price stabiliser [87,88,89,90]. In Poland, until 2020, the market exhibited a clear tendency for the exchange rate to exert a stabilising influence on prices. However, since 2021, there has been a shift towards a greater dependence of crude oil prices on the US dollar. However, the reason for this lies in the growing inflation in Poland. Nevertheless, the exchange rate ultimately ceased to play the role of a protective factor and began to increase the original volatility of crude oil prices. The relatively stable prices of liquid fuels in Poland began to behave in an unstable manner. The increase in retail prices was so significant that it forced the government to temporarily reduce the VAT rate from 23% to 8%.



It is indisputable that for Poland, as an importer of crude oil and therefore a recipient of the global price, the process of adjusting retail prices represents a fundamental aspect of the crude oil price transmission mechanism. Furthermore, the issues raised in this context, namely the pace and scale of the transfer of raw material prices to retail prices, the symmetry and asymmetry of this relationship, and the importance of wholesale prices, remain pertinent and significant. In order for state policy to be effective, it is necessary for political decisions to take into account specific price transmission issues. One example of this is the temporary reduction in VAT tax for fuel prices, which was one of the most important decisions of the Polish government in 2022. The aim of this policy was to limit the effects of inflation and to ease the pace of inflationary processes.



The effectiveness of government intervention in the form of tax rate changes in Poland can be observed by looking at price formation before and after the tax rate reduction and before and after the return to the base rate. In general, no abrupt changes were observed in either case. Therefore, it can be assumed that changes in tax rates have to some extent affected sellers’ margins. Looking at the problem more broadly, prices did indeed reduce the growth rate in 2022. However, the situation at the end of 2022 and the return to the basic rate means that the margin of retailers before the end of 2022 had to be proportionally high in relation to the margin at the beginning of 2023, i.e., the margin taking into account the basic VAT rate. Therefore, the real beneficiaries of this policy could have been partly consumers and to a large extent retailers, but the cost was clearly borne by the treasury. This is not an isolated case, as it has already been observed in the US that 70% of tax suspensions are passed on to consumers in the form of lower prices, while 80–100% of tax reinstatements are passed on to consumers [49]. Evidence of the impact of fiscal policy on fuel prices can also be found in the Italian market [48], where it has been observed that value-based taxes can be effective in this respect.




5. Conclusions


In answering the research question posed at the beginning of this paper, the following can be noted:




	
The retail and wholesale prices of diesel in Poland depend to a large extent on world oil prices. This is a classic situation of an importer being a taker of the world price. However, a very important issue is the relationship between crude oil prices and the exchange rate. On the other hand, the relationship between wholesale and retail prices appears to be bilateral, and its strength depends on the current political and economic conditions. Changes in exchange rates are often a prerequisite for changes in retail fuel prices. A weaker domestic currency has the effect of increasing the price of imported raw materials, while a stronger domestic currency has the effect of reducing the price of imported raw materials. In order to take such effects into account, tests were carried out on the impact of the original Brent crude oil prices and the Brent crude oil prices with the exchange rate changes taken into account, and the results were always similar. Separating the impact of Brent crude oil prices and the exchange rate on wholesale diesel prices in Poland, it can be concluded that the impact of Brent crude oil prices is only slightly stronger than that of the exchange rate, and both are significant. It is worth noting that the importance changed and was stronger in period A than in period B, but period A was a period of low inflation and period B was a period of higher inflation. However, Brent oil prices and the exchange rate have always been important in shaping diesel prices in Poland.



	
In conditions of stable inflation, it can be concluded that dependencies on the fuel market are stable and do not change over time. However, the exchange rate is an important risk factor in this relationship. In general, the prevailing view in the literature is that oil price increases are associated with dollar depreciation and vice versa. This is good for the importer as it limits the volatility of the commodity priced in local currency. This was also the case in the study until the end of 2020, but from 2021, this relationship is reversed, which is detrimental to price stabilisation for domestic recipients as it increases volatility. This is a new problem that has not emerged with such force before. Too much inflation cancels out this positive effect of exchange rates and becomes destructive, as the volatility of prices in local currency increases instead of decreasing, which has an additional negative impact on the economy on top of inflation itself.



	
The cause-and-effect relationships in the fuel market are not stable over time. First of all, their strength changes. In general, only the significant impact of world oil prices on the domestic market is stable. However, the relationship within a country, i.e., between wholesale and retail prices, is subject to significant changes. Firstly, this relationship is bilateral, but the impact of retail prices on wholesale prices is stronger than the impact of wholesale prices on retail prices. During periods of economic stability, the relationship between wholesale and retail prices is two-way. It is during these periods that the market is most predictable. However, during periods of political and economic tension (elections, high inflation), this relationship becomes the opposite, unilateral, i.e., retail prices affect wholesale prices. These are the main exogenous factors influencing the fuel market. In general, this is directly related to treating retail fuel prices as a strategic factor of the state’s influence on society and economy. This is not necessarily bad, as such a policy can stabilise the price, but it contradicts the principle of the free market and hinders the activity of competition.








The research carried out shows that the processes in the fuel market are much more complicated than is often described. The problem is multifaceted and the existing relationships are shaped not only by market processes but also to a large extent by political factors. This makes it difficult to model the relationships, as these factors can affect the fuel market to different degrees at different times. This problem of changes in the strength of the influence of the political factor can be an important inspiration for further research.
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Table A1. Model VAR for period 01.2010–12.2020.






Table A1. Model VAR for period 01.2010–12.2020.





	
Included Observations: 571




	
Standard Errors in ( ) and t-Statistics in [ ]




	
X|Y

	
d(BRENT_OIL_IN_USD)

	
d(USDPLN)

	
d(DIESEL_WHOLESALE_PRICES)

	
d(DIESEL_RETAIL_PRICES)






	
d(BRENT_OIL_IN_USD)

(-1)

	
0.030372

	
−0.102567

	
0.166428

	
0.042690




	
(0.04573)

	
(0.01633)

	
(0.01239)

	
(0.00736)




	
[0.66411]

	
[−6.28168]

	
[13.4366]

	
[5.79653]




	
d(BRENT_OIL_IN_USD)

(-2)

	
−0.286887

	
−0.038429

	
0.015141

	
0.003487




	
(0.05703)

	
(0.02036)

	
(0.01545)

	
(0.00918)




	
[−5.03064]

	
[−1.88741]

	
[0.98030]

	
[0.37965]




	
d(USDPLN)

(-1)

	
−0.141618

	
−0.103587

	
0.014782

	
−0.015967




	
(0.12962)

	
(0.04628)

	
(0.03511)

	
(0.02087)




	
[−1.09254]

	
[−2.23832]

	
[0.42106]

	
[−0.76493]




	
d(USDPLN)

(-2)

	
−0.014089

	
−0.031292

	
−0.001349

	
−0.019880




	
(0.11788)

	
(0.04209)

	
(0.03193)

	
(0.01898)




	
[−0.11952]

	
[−0.74355]

	
[−0.04227]

	
[−1.04726]




	
d(DIESEL_

WHOLESALE_PRICES)

(-1)

	
0.607393

	
0.073155

	
−0.141585

	
0.066613




	
(0.17514)

	
(0.06253)

	
(0.04743)

	
(0.02820)




	
[3.46811]

	
[1.16994]

	
[−2.98490]

	
[2.36187]




	
d(DIESEL_

WHOLESALE_PRICES)

(-2)

	
−0.141944

	
−0.060596

	
−0.193556

	
0.030569




	
(0.14413)

	
(0.05146)

	
(0.03904)

	
(0.02321)




	
[−0.98480]

	
[−1.17754]

	
[−4.95824]

	
[1.31702]




	
d(DIESEL_

RETAIL_PRICES)

(-1)

	
1.053561

	
0.425008

	
0.840374

	
0.374104




	
(0.29245)

	
(0.10441)

	
(0.07921)

	
(0.04710)




	
[3.60252]

	
[4.07043]

	
[10.6098]

	
[7.94351]




	
d(DIESEL_

RETAIL_PRICES)

(-2)

	
−0.502303

	
−0.157198

	
−0.195387

	
−0.016394




	
(0.28385)

	
(0.10134)

	
(0.07688)

	
(0.04571)




	
[−1.76958]

	
[−1.55114]

	
[−2.54150]

	
[−0.35864]




	
C

	
0.000397

	
0.000527

	
0.000302

	
0.000125




	
(0.00197)

	
(0.00070)

	
(0.00053)

	
(0.00032)




	
[0.20164]

	
[0.74898]

	
[0.56649]

	
[0.39488]




	
R-squared

	
0.090392

	
0.080946

	
0.462328

	
0.360131




	
Adj. R-squared

	
0.077444

	
0.067863

	
0.454675

	
0.351023




	
Sum sq. resids

	
1.241702

	
0.158279

	
0.091083

	
0.032201




	
S.E. equation

	
0.047005

	
0.016782

	
0.012731

	
0.007569




	
F-statistic

	
6.981072

	
6.187296

	
60.40595

	
39.53814




	
Log likelihood

	
940.1598

	
1528.255

	
1686.019

	
1982.874











 





Table A2. Model VAR for period 01.2021–10.2024.






Table A2. Model VAR for period 01.2021–10.2024.





	
Included Observations: 196




	
Standard Errors in ( ) and t-Statistics in [ ]




	
X|Y

	
d(BRENT_OIL_IN_USD)

	
d(USDPLN)

	
d(DIESEL_WHOLESALE_PRICES)

	
d(DIESEL_RETAIL_PRICES)






	
d(BRENT_OIL_IN_USD)

(-1)

	
−0.135688

	
−0.019770

	
0.115900

	
−0.040705




	
(0.08332)

	
(0.02539)

	
(0.04179)

	
(0.04976)




	
[−1.62856]

	
[−0.77863]

	
[2.77338]

	
[−0.81806]




	
d(BRENT_OIL_IN_USD)

(-2)

	
−0.105196

	
0.011710

	
−0.074179

	
0.003360




	
(0.08342)

	
(0.02542)

	
(0.04184)

	
(0.04982)




	
[−1.26101]

	
[0.46063]

	
[−1.77282]

	
[ 0.06744]




	
d(USDPLN)

(-1)

	
0.188311

	
0.107329

	
0.016664

	
−0.074105




	
(0.23984)

	
(0.07309)

	
(0.12030)

	
(0.14323)




	
[0.78516]

	
[1.46850]

	
[0.13853]

	
[−0.51738]




	
d(USDPLN)

(-2)

	
0.275156

	
−0.047476

	
0.198386

	
0.022733




	
(0.23301)

	
(0.07101)

	
(0.11687)

	
(0.13915)




	
[1.18089]

	
[−0.66862]

	
[1.69749]

	
[0.16337]




	
d(DIESEL_

WHOLESALE_PRICES)

(-1)

	
−0.245828

	
−0.058135

	
−0.176059

	
0.024370




	
(0.15905)

	
(0.04847)

	
(0.07978)

	
(0.09499)




	
[−1.54555]

	
[−1.19940]

	
[−2.20686]

	
[0.25656]




	
d(DIESEL_

WHOLESALE_PRICES)

(-2)

	
0.088177

	
−0.071820

	
0.089742

	
−0.034545




	
(0.11867)

	
(0.03616)

	
(0.05952)

	
(0.07087)




	
[0.74305]

	
[−1.98602]

	
[1.50774]

	
[−0.48744]




	
d(DIESEL_

RETAIL_PRICES)

(-1)

	
0.323081

	
0.211357

	
0.915239

	
0.256229




	
(0.13398)

	
(0.04083)

	
(0.06720)

	
(0.08001)




	
[2.41138]

	
[5.17659]

	
[13.6193]

	
[3.20227]




	
d(DIESEL_

RETAIL_PRICES)

(-2)

	
−0.036954

	
0.112636

	
−0.176992

	
−0.107479




	
(0.19097)

	
(0.05820)

	
(0.09579)

	
(0.11405)




	
[−0.19351]

	
[1.93548]

	
[−1.84780]

	
[−0.94240]




	
C

	
0.003251

	
−3.54 × 10−5

	
0.000686

	
0.001627




	
(0.00331)

	
(0.00101)

	
(0.00166)

	
(0.00198)




	
[0.98108]

	
[−0.03501]

	
[0.41298]

	
[0.82188]




	
R-squared

	
0.097499

	
0.183586

	
0.591337

	
0.063925




	
Adj. R-squared

	
0.058889

	
0.148659

	
0.573854

	
0.023879




	
Sum sq. resids

	
0.397243

	
0.036890

	
0.099937

	
0.141679




	
S.E. equation

	
0.046090

	
0.014045

	
0.023118

	
0.027525




	
F-statistic

	
2.525248

	
5.256302

	
33.82375

	
1.596291




	
Log likelihood

	
329.6176

	
562.5249

	
464.8586

	
430.6542
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Figure 1. Potential price impulse flow in the diesel market. 
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Figure 2. Crude oil and diesel prices in 2010–2024. 
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Figure 3. Brent crude oil quotes and USDPLN exchange rate. 
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Figure 4. Development of weekly rates of return for crude oil and diesel oil in the years 2010–2024. 
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Figure 5. Granger causality test (A: 01.2010–12.2020; B: 01.2021–10.2024). 
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Figure 6. Impulse response function (left A: 01.2010–12.2020; right B: 01.2021–10.2024). 
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Figure 7. The most important macroeconomic and strategic events related to PKN Orlen in the period 2021–2024. 
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Table 1. Brent crude oil and diesel oil correlations.
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	Brent Oil

(in_USD)
	Brent Oil

(in_PLN)
	Diesel

(Wholesale)
	Diesel

(Retail)





	Brent Oil (in_USD)
	1
	
	
	



	Brent Oil (in_PLN)
	0.8694
	1
	
	



	Diesel (wholesale)
	0.5218
	0.8550
	1
	



	Diesel (retail)
	0.5661
	0.8626
	0.9731
	1










 





Table 2. Brent crude oil and diesel oil descriptive statistics.
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Series

	
Statistics

	
01.2010–12.2020

	
01.2021–10.2024
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Table 3. Descriptive statistics of the rate of return of Brent crude oil and diesel oil.
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	Statistics
	d_Brent Oil

(in_USD)
	d_Brent Oil

(in_PLN)
	d_Diesel

(Wholesale)
	d_Diesel

(Retail)





	min
	−25.32%
	−23.26%
	−16.22%
	−11.84%



	max
	33.17%
	28.04%
	19.46%
	23.10%



	mean
	0.12%
	0.17%
	0.08%
	0.07%



	std.dev.
	4.86 p.p.
	5.07 p.p.
	2.32 p.p.
	1.62 p.p.










 





Table 4. Correlation between the rates of return of Brent crude oil and diesel oil.
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	d_Brent Oil

(in_USD)
	d_Brent Oil

(in_PLN)
	d_Diesel

(Wholesale)
	d_Diesel

(Retail)





	d_Brent Oil (in_USD)
	1
	
	
	



	d_Brent Oil (in_PLN)
	0.9423
	1
	
	



	d_Diesel (wholesale)
	0.3007
	0.3658
	1
	



	d_Diesel (retail)
	0.3434
	0.3478
	0.3962
	1










 





Table 5. Granger causality test for subperiods of period B: 01.2021–10.2024.
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Time Period

	
Cause

	
Effect




	
Diesel (Wholesale)

	
Diesel (Retail)




	
F

	
p

	
F

	
p






	
B1–B2:

01.01.2021–31.01.2022

	
Brent Oil (in_USD)

	
12.75

	
0.0000

	
0.18

	
0.8377




	
Brent Oil (in_PLN)

	
10.45

	
0.0002

	
0.38

	
0.6871




	
Diesel (wholesale)

	

	

	
0.47

	
0.6278




	
Diesel (retail)

	
17.38

	
0.0000

	

	




	
B2–B3:

01.02.2022–31.12.2022

	
Brent Oil (in_USD)

	
7.24

	
0.0021

	
0.38

	
0.6864




	
Brent Oil (in_PLN)

	
6.50

	
0.0036

	
0.97

	
0.3889




	
Diesel (wholesale)

	

	

	
1.15

	
0.3276




	
Diesel (retail)

	
56.25

	
0.0000

	

	




	
B3–B4:

01.01.2023–15.10.2023

	
Brent Oil (in_USD)

	
1.62

	
0.2129

	
0.69

	
0.5092




	
Brent Oil (in_PLN)

	
1.05

	
0.3602

	
0.69

	
0.5068




	
Diesel (wholesale)

	

	

	
0.06

	
0.9408




	
Diesel (retail)

	
9.14

	
0.0006

	

	




	
B4–B5:

16.10.2023–05.02.2024

	
Brent Oil (in_USD)

	
0.35

	
0.7115

	
0.14

	
0.8684




	
Brent Oil (in_PLN)

	
1.44

	
0.2862

	
0.28

	
0.7624




	
Diesel (wholesale)

	

	

	
0.20

	
0.8210




	
Diesel (retail)

	
7.61

	
0.0116

	

	




	
B5–17.10.2024:

06.02.2024–17.10.2024

	
Brent Oil (in_USD)

	
6.75

	
0.0039

	
4.34

	
0.0224




	
Brent Oil (in_PLN)

	
6.19

	
0.0058

	
3.80

	
0.0341




	
Diesel (wholesale)

	

	

	
2.28

	
0.1202




	
Diesel (retail)

	
12.48

	
0.0001
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