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ABSTRACT:

Purpose: The aim of this article is to examine whether there were asymmetric
price transmissions between the market prices of crude oil and wholesale prices,
as well as between wholesale and retail fuel prices in Poland between 2007 and
2024.

Methodology/approach: Cointegration analysis was conducted to determine the
presence of a stable, long-term relationship between market, wholesale, and
retail prices of liquid fuels (diesel and gasoline) in Poland. Additionally,
asymmetric error correction models were estimated to assess whether retail and
wholesale prices respond differently to increases and decreases in wholesale and
market prices.

Findings: The analysis confirms the presence of asymmetric price transmission
from wholesale to retail fuel prices in Poland. Retail prices exhibit a stronger
response to wholesale price increases than to decreases. Specifically, retail diesel
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prices rise 2.91 times more when wholesale prices increase than they fall when
wholesale prices decline, while for gasoline, this effect is even stronger (4.42
times). Notably, no asymmetry is observed in the transmission from crude oil to
wholesale prices. These findings suggest that price rigidity in the retail market
contributes to slower price reductions, potentially due to market power or
demand inelasticity.

Originality/value: This study contributes to the literature by providing new
insights into asymmetric price transmission in Poland’s liquid fuels market, which
is characterized by a dominant state-owned enterprise and strong political
influences. By analysing an extended time series (2007-2024), it confirms the
presence of asymmetry in retail price adjustments to wholesale price changes
while finding no such effect between market and wholesale prices, refining prior
mixed evidence.

Keywords: Asymmetric price transmission, Wholesale and retail prices, Rocket
and feather effect, Fuel pricing dynamics, Cointegration analysis, Error correction
model

1. INTRODUCTION

In recent years, the economies of many countries have faced multiple
macroeconomic shocks of various origins, such as the 2007—-2008 financial crisis,
the 2020-2021 recession caused by COVID-19-related restrictions, and the
outbreak of war in Ukraine in 2022. These events have affected all markets,
including commodity markets. One of the key commodities in the global
economy—despite increasingly ambitious commitments to transition from fossil
fuels to renewable energy sources—is crude oil. This is a strategically important
resource, the valuation of which is strongly influenced by various factors, such as
supply and demand, the exchange rate of the U.S. dollar, decisions (as well as
announcements and statements) made by oil-producing countries, and the level
of economic uncertainty. Crude oil is refined into liquid fuels, including diesel and
gasoline.

The price of crude oil is highly volatile, fluctuating significantly not only
due to macroeconomic conditions but also geopolitical factors. These price
changes also affect the wholesale and retail markets for liquid fuels. However,
existing analyses do not provide a clear answer regarding the extent of this
impact, although most studies offer evidence of asymmetric price transmission.
The presence of this mechanism implies that the price response of a given
product varies depending on changes in costs. In the case of liquid fuels, this
means that the magnitude of wholesale price changes differs depending on
whether the market price is rising or falling. Similarly, retail prices adjust with
varying intensity and delays in response to changes in wholesale prices.
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The aim of this article is to examine whether such asymmetric reactions
occurred between market and wholesale prices, as well as between wholesale
and retail prices in Poland from 2007 to 2024. The secondary data used in the
study include retail prices of diesel and gasoline, wholesale prices of these fuels
published by PKN Orlen, and the market price of Brent crude oil. Based on the
literature, the following hypotheses have been tested:

e H1: The time series of retail and wholesale fuel prices in Poland, as well

as market crude oil prices, are cointegrated.

e H2:Retail fuel prices in Poland respond asymmetrically to increases and

decreases in their wholesale prices.

e H3:Wholesale fuel prices in Poland respond asymmetrically to increases

and decreases in market crude oil prices.
The structure of the article is as follows. The second section presents a literature
review on the determinants of market, wholesale, and retail fuel prices, as well
as the conditions of asymmetric price transmission. The third section describes
the research methodology and the data used in the quantitative analysis. The
fourth section discusses the results and findings. Finally, the conclusion
summarizes the study and suggests directions for future research.

2. DETERMINANTS OF WHOLESALE AND RETAIL FUEL PRICES -
LITERATURE REVIEW

Crude oil, from which both diesel fuel and gasoline are produced, is the most
consumed energy source globally. Approximately 31% of the world's energy
consumption comes from crude oil, followed by coal at 26.6% and natural gas at
23.8%. It is important to emphasize that crude oil plays a crucial role in
transportation, making it a key commodity for nearly all countries worldwide.
However, its supply is not evenly distributed across the globe. In 2023, four
countries accounted for nearly half (49.3%) of the annual crude oil production:
the United States (20.1%), Saudi Arabia (11.8%), Russia (11.5%), and Canada
(5.9%) (Energy Institute, 2024).

Crude oil is not a commodity whose price depends solely on supply and
demand dynamics in competitive markets. Since the end of World War I, and
particularly since the oil crises of the 1970s (Barsky & Kilian, 2004), crude oil has
been used as an instrument in the geopolitical struggle for global dominance
(Colgan, 2013; Painter, 2014), as a means of coercion in trade wars (Cai et al.,
2022), and as a tool for exerting pressure on specific countries, such as those
violating human rights or breaching international agreements (Gutmann et al.,
2018). As a result, identifying the determinants of crude oil prices—and
subsequently, wholesale and retail fuel prices—is a complex task.

The market price of crude oil is influenced by multiple factors
simultaneously (Salem et al., 2022). One key determinant is the value of the U.S.
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dollar (Wang et al., 2024); Fratzcher et al. (2014) found that a 1% depreciation of
the USD leads, on average, to a 0.73% increase in oil prices. Another crucial factor
is the strategy and communication of the Organization of the Petroleum
Exporting Countries (OPEC) (Loutia et al., 2016). The mere occurrence of OPEC
meetings significantly increases uncertainty and price volatility for up to 9-10
days following the meeting (Pescatori & Nazer, 2022), while decisions made
during these meetings raised oil prices by an average of 6% between 2017 and
2020 (Quint & Venditti, 2020).

Additionally, oil prices are affected by economic uncertainty (van Robas,
2012; Feng et al., 2020) and political instability (Karkowska & Urjasz, 2024).
Furthermore, crude oil prices are strongly influenced by speculation and the
derivatives market (Robe & Wallen, 2016), as well as gold prices (Huseynli, 2023).
Regardless of the specific cause(s) of fluctuations in market oil prices, it can be
expected that wholesale diesel and gasoline prices will follow a similar trend
(Bumpass et al., 2015), which formally implies that the time series of these
variables are cointegrated.

Retail fuel prices are primarily determined by the level of wholesale
prices. For example, Borenstein & Shepard (1996) demonstrated that wholesale
prices explain most of the variability in retail prices. Additionally, retail prices are
influenced by market structure and the margin of sellers. Furthermore, these
prices are also affected by the country’s tax policy (Bor & Ismihan, 2013) and
environmental policy (Davis, 2021; Carballo & Sisco, 2024). However, these
factors change very slowly, so their explanatory power in modelling price
changes is limited.

All of this leads to significant volatility in retail prices. However, the
speed and magnitude of these changes are not always symmetric. Retail fuel
prices sometimes respond more quickly and more strongly when
wholesale/market prices increase, compared to the decreases in prices when
wholesale/market prices fall (Zlatcu et al., 2015; Qin et al. 2016; Martin-Moreno
etal.,, 2019; Bakhat et al., 2022; Raeder et al., 2022; Zhang et al., 2023), although
this can occasionally occur at earlier stages in the production and supply chain
(Schweikert, 2019). This phenomenon is referred to as asymmetric price
transmission, or the "rocket and feather effect".

The study of the liquid fuels market in Poland is interesting for at least
several reasons. First, Poland is a rapidly growing economy with increasing
demand for crude oil. However, according to data from the Polish Geological
Institute (n.d.), it produces only a small portion (around 5%) of the oil it needs.
Second, this market is heavily influenced by decisions made by a single state-
owned enterprise: ORLEN, which is responsible for most of the wholesale sales
of diesel and gasoline and is also the largest retailer of these fuels (according to
data from the Polish Organization of the Qil Industry and Trade (2024), ORLEN
stations account for over 24% of all fuel stations in Poland). This means that, at
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least potentially (Totleben et al., 2019), prices could be influenced by political

decisions. Third, existing studies do not conclusively confirm asymmetric changes

in retail prices in response to changes in wholesale prices. Laszkiewicz-Kedzior &

Welfe (2014) and Ztoty (2023) demonstrated the presence of asymmetric price

transmission from wholesale to retail prices for both gasoline and diesel.

Surprisingly, Socha (2014) showed the existence of this asymmetry for diesel (and

LPG), but not for gasoline. Furthermore, Laszkiewicz-Kedzior (2014) found no

asymmetry in the changes in market and wholesale prices.

The conducted study helps fill this research gap, particularly due to the
application of advanced quantitative methods, as well as the use of a long time
series and the latest data.

The literature review showed that both theoretical and empirical
research suggests the existence of relationships between retail, wholesale, and
market prices of liquid fuels. Moreover, some authors indicate that this
relationship is not symmetric, and retail markets react to changes in wholesale
prices with different delays, depending on the direction of these changes. For
this reason, an empirical verification of the following hypotheses was proposed:

*  H1:The time series of retail and wholesale fuel prices in Poland, as well as
the market prices of crude oil, are cointegrated.
o H1la: Retail prices of liquid fuels (diesel and gasoline) are cointegrated
with their wholesale prices.
o H1lb: Wholesale prices of liquid fuels (diesel and gasoline) are
cointegrated with market prices of crude oil.
e H2: Retail prices of liquid fuels in Poland change asymmetrically in
response to increases and decreases in their wholesale prices.

o H2a: Retail prices of diesel fuel in Poland increase faster when the
wholesale price of diesel fuel rises, and decrease more slowly when
the wholesale price falls.

o H2b: Retail prices of gasoline in Poland increase faster when the
wholesale price of gasoline rises, and decrease more slowly when the
wholesale price falls.

H3: Wholesale prices of liquid fuels in Poland change asymmetrically in
response to increases and decreases in market prices of crude oil.

o H3a:Wholesale prices of diesel fuel in Poland increase faster when the
market price of crude oil rises, and decrease more slowly when the
price of crude oil falls.

o H3b: Wholesale prices of gasoline in Poland increase faster when the
market price of crude oil rises, and decrease more slowly when the
price of crude oil falls.
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3. DATA AND METHODOLOGY

The cointegration analysis and potential asymmetric response of retail fuel prices
to changes in wholesale and market prices were conducted using secondary data.
The time series of retail fuel prices (diesel fuel (ON) and gasoline (PB95)) in
Poland includes averaged and weighted data from 250 representative fuel
stations, spaced at least 5 km apart, with a weekly interval. The time period spans
from May 2007 to December 2024.

Data on wholesale fuel prices, due to the dominant market position of
PKN ORLEN, were obtained from PKN ORLEN (daily data aggregated to weekly
averages, in PLN per liter). Market prices for fuel include daily data (also
aggregated to weekly averages) on Brent crude oil, converted into PLN per liter
according to the exchange rate provided by the National Bank of Poland. Table 1
presents selected descriptive statistics.

Table 1.
Descriptive statistics of retail, wholesale, and market prices (in PLN)
Stationarity
. Time Averag . Conc
Variable N SD Min Max ADF R
scope e R lusio
statist.
n
ON
. 3.35 8.08 -1.781
(retail 5071099 | g1 5009 13.10.2022 | (0.390)
price)
(l:g,f” 513 0.8l 3.34 7.97 -1.780
rice) ‘ ‘ 8.1.2009 9.6.2022 (0.390) =
P on o | 05/200 5
7- 2.46 7.54 -1.868 S
(wholesal | 1| 15,0, | 400 | 094 1 55152008 | 13.10.2022 (0.347) B
e price) 3 ®
PB95 4 5
(wholesal 402 | 078 2.45 7.52 "2.129 °
) ‘ ‘ 30.12.2008 2.6.2022 (0.233)
e price)
Brent
0.57 3.36 -2.381
”;Ir::t 1711050 1 53 042020 9.6.2022 (0.147)

p-values are provided in parentheses
Note: Own elaboration based on data from BM Reflex, PKN ORLEN, and investing.com.

In the studied time period, the average retail price of diesel fuel was 5.07

PLN/I with a standard deviation of + 0.99 PLN (70.43% of observations fell within
this range). The price was more often below the average (54% of observations)
than above it (46%). On the other hand, the average price of gasoline was 5.13
PLN/I + 0.81 PLN (72.29% of observations), with more observations below the
average (57%). Diesel fuel prices exhibited greater variability (coefficient of
variation: 19.6%) compared to gasoline prices (15.8%).
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Figure 1

Retail and wholesale diesel prices in Poland and Brent crude oil market prices from 2007 to 2024
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Figure 2
Retail and wholesale prices of PB95 in Poland and Brent crude oil market prices from 2007 to 2024
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The direction of variability in retail prices of diesel and gasoline during the
analysed period was similar. Long-term upward trends were observed in the
following periods: 02.2009 - 05.2012, 02.2016 - 11.2019, and 05.2020 - 05.2024
(with a particularly significant price increase and higher volatility during the early
stages of the Russian aggression against Ukraine). Long-term declines were
observed from May 2012 to February 2016. Significant short-term declines were
also recorded during macroeconomic shocks, particularly following the
2007/2008 financial crisis and the outbreak of the COVID-19 pandemic (early
2020). Similar changes during similar periods were also observed for wholesale
and market prices, as shown in Figures 1 and 2.

Due to the formulated research hypotheses, methods were employed to
verify the existence of cointegration among time series (H1) and the asymmetric
impact of changes in the explanatory variable on the dependent variable (H2 and
H3).

In the first step, it was necessary to check if there exists a stable, long-
term relationship between two (or more) time series, such as retail, wholesale,
and market prices. The procedures used to detect this relationship differ
depending on whether the series are stationary or non-stationary. For stationary
time series, vector autoregression (VAR) models are typically used to examine
the dynamics of the relationship between the series, as well as Granger causality
tests (which help identify if lagged values of one series can predict another time
series) and analyses using impulse-response functions. Given that the fuel price
series are not stationary (Table 1), a different procedure was applied, namely the
time series cointegration test. Cointegration means that two series maintain a
long-term stable relationship, even if they exhibit a trend (i.e., they are non-
stationary). To verify the existence of cointegration, a two-step procedure
proposed by Granger and Engle (1987) was used. In the first step, a function was
estimated using the classical least squares method (OLS):

Ve =g+ X + & (1),

where: y and x —the time series being analysed (e.g., retail and wholesale prices),
t —time, ao — constant, a1 — estimated parameter, € —random error.

In the second stage, it was tested (using the ADF test) whether the residual series
from equation (1) is stationary by estimating the parameters of the following
function (Dickey, Fuller, 1979):

Agp =yo + Pt +0e_1 + Z?=1 Vil + e (2),

where: Ag; is the first difference of the series € (i.e., Agi=g+-€t.1), Yo is the constant
term, B is the parameter of the linear time trend, 8 is the parameter of the unit
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root, Yi—, YilAe;_; is the component of n-lagged differences’, and p: is the
random error term.

If the parameter of the unit root, 0, is significantly different from zero,
it indicates that the residual series is stationary, which in turn suggests the
presence of cointegration between the seriesy and x, i.e., the existence of a long-
term relationship between them.

In the second step, the asymmetric impact of the explanatory variable x
(e.g., wholesale prices, hereafter referred to as “pricewnolesale”) on the dependent
variable y (e.g., retail prices, hereafter referred to as “priceretai’”) was examined.
For this purpose, using the classical least squares method again, equation (1) was
estimated, and then the parameters of the asymmetric error correction model
were estimated (see: Enders & Siklos, 2001):

Ayt = Po + €t-1 + pleincreaset_l + pZAxdecreaset_l + T¢ (3)1

where: po - constant, AXincrease,_, = Max (0;Ax;_1), AXgecrease,_, =
min (0; Ax;_,), T—random error.

The parameters p1 and p2 indicate the response of the dependent variable to
(respectively) increases and decreases in the independent variable. If these
parameters are significantly’ different from each other (or more formally,
according to the Wald test: their difference is significantly different from zero), it
means that the dependent variable reacts differently (asymmetrically) to
increases and decreases in the independent variable. However, this model may
not be sufficient to fully capture the asymmetry of the response, as it assumes
that the responses of retail prices to increases and decreases in wholesale prices
are independent and constant. Consequently, it does not allow for the
consideration of potential differences in the strength and direction of the effects
of increases and decreases. As a result, the assessed asymmetry may be
understated or, in the extreme case, incorrectly regarded as non-existent. For
this reason, a model was estimated that takes into account the interactions
between increases/decreases and the magnitude of these changes:

" In this study, the criterion of minimizing the Akaike Information Criterion (AIC) was used
to determine the optimal number of lags.

* The estimated regression was subjected to tests for the presence of heteroscedasticity
(White's test (1980)) and autocorrelation (Breusch-Godfrey test (1978)). In the case of
confirming the presence of at least one of these phenomena, the significance of the
parameters was determined in accordance with the correction proposed by Newey &
West (1987).



ASYMMETRIC RESPONSE OF RETAIL DIESEL AND GASOLINE PRICES 69

Ayt = Po + Et—1 + pleincreaset_l + pZAxdecreaset_l +
pzinteractionycreqse T Palnteractiongecrease + Tt (4),

where®: interactioncreqse = Z1 8% increase,_,r INEETACLION gocrease =

Zy Axdecreaset_l .

Similarly, the values of parameters ps and ps indicate the magnitude of the
response of the dependent variable to increases and decreases in the
explanatory variable, and demonstrating a significant difference between these
parameters (using the Wald test) indicates the presence of asymmetry in the
influence of increases and decreases in the explanatory variable on the
dependent variable.

4. RESULTS AND DISCUSSION
4.1. Long-term Relationship between Retail, Wholesale, and
Exchange Prices

As indicated in Section 3, the direction of changes in retail, wholesale, and market
prices for both diesel oil and gasoline seems to be similar throughout most of the
studied period. However, during certain periods—particularly during major
macroeconomic shocks—this relationship is disrupted. This raises the question
of whether, despite these deviations, it is reasonable to assert the existence of a
stable, long-term relationship between these prices.

Therefore, cointegration analyses were conducted between two series:
retail and wholesale prices, as well as wholesale and market prices. The results
are presented in Table 2.

$ The variables z; and z; are binary variables indicating the occurrence (respectively) of an
increase and a decrease in  the  explanatory variable, formally:
zy=1if Ax, >0 z, =1if Ax;, <0
{21 =0if Ax,<0° {zz =0ifAx,>0"
situations where there is a reversal in the direction of changes in the explanatory variable
(from increase to decrease and vice versa), but on the other hand, it allows for a more
precise capture of the asymmetry of the impact, which is crucial for achieving the aim of
the article.

This approach, on the one hand, omits



70 Bartosz Totleben

Table 2.
Cointegration of selected time series from 2007 to 2024
Linear regression (OLS) ADF test for residuals
Dependent | Independent No. Stat. Cointear
variable variable a1 constant R? of test. ° . c8
ation
lags (p-value)
(rgt’:uil (whSI,:saIe 103277 | 09347 | o) 3 51157 v
. . (0,000) (0,000) ’ (0.000)
price) price)
ON Brent market 1.713™ 2.146™ -3.535"""
(retail . ’ ) 0.741 3 . 4
price) price (0,000) (0,000) (0.007)
(Pthzisl (w:flziale L0097 | 10717 | gqq 3 51087 v
. . (0,000) (0,000) ’ (0.000)
price) price)
PB 9.5 Brent market 1.417" 2.174" -3.899""
(retail . 0.759 3 v
price) price (0,000) (0,000) (0.002)

* kk KEk

p-values are provided in parentheses; *, **, *** indicate statistical significance at the 90%,
95%, 99% levels.
Note: Own calculations.

Wholesale prices are a strong and significant predictor of retail prices—both for
diesel oil and gasoline (explaining 95.4% and 93.5% of the variability in these
prices, respectively). Market prices of crude oil also allow for the estimation of
retail prices, although the explained variability is lower (74.1% for diesel oil and
75.9% for gasoline). However, for the purpose of this article, the most important
result is the cointegration test. All relationships are statistically significant at the
99% confidence level, indicating the presence of cointegration between the
examined time series™. This means that there is a stable, long-term relationship
between them, which provides no evidence to reject hypothesis H1.

4.2. Relationship between wholesale and retail fuel prices

Next, an analysis was conducted to examine the impact of changes in wholesale
prices on changes in retail prices, as well as the impact of changes in crude oil
prices on wholesale fuel prices in Poland. For this purpose, estimation was
carried out following the procedure outlined in Section 3 ("Data and
Methodology"), and the results are presented in Tables 3 and 4, respectively.

** An interesting question is whether there are subperiods in which cointegration does not
occur, and if so, what the determinants of such a situation are. As indicated in the
Conclusion, this is one of the proposed directions for future research.
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Based on model (1), it can be stated that the wholesale price of crude oil
is a strong predictor of the retail price of diesel fuel, explaining 95.4% of the
variability (R? = 0.954). The application of the error correction model (2) reveals
that there is no mechanism for a rapid return to a stable, long-term relationship
between wholesale and retail prices — in the case of a deviation of 1.00 PLN, the
difference is corrected by only 0.09 PLN in the next period. Given that this model
exhibits heteroskedasticity, the Newey-West correction was applied to the
estimation, and model (3) was used for inference. The parameters associated
with both lagged increases and decreases in wholesale prices are statistically
significant at the 90% level, suggesting that changes in wholesale prices influence
changes in retail prices in the following period. The conducted test showed that
there is no statistical difference between the response to increases and
decreases in wholesale prices. Therefore, model (4) was estimated, which
additionally includes interactions — in this case, the parameters associated with
lagged increases and decreases in prices are not statistically significant
(indicating that their inclusion is not sufficient to explain the variability of retail
prices). However, the interactions are significant: both increases and decreases
in wholesale prices contribute to different strengths of responses in retail prices.

Increases in wholesale prices cause nearly 3 times stronger reactions

intercation; 0,932 . . .
(————rease — == =2091) in the retail price level, compared to
interactiongecrease 0,320

decreases. This indicates a statistically significant asymmetry in the transmission
process of wholesale prices to retail prices for diesel fuel, and consequently,
there is no evidence to reject hypothesis H2a. Moreover, the return to the long-
term relationship between wholesale and retail prices is slow (a 1.00 PLN
deviation is corrected by an average of 0.07 PLN in the following week).
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Table 3.
Estimation Results for the Response of Retail Prices to Changes in Wholesale Prices
Model: W [ @ [ @& [ @ (5) ® [ @ [ @
Fuel: ON PB95
OoLs oLS
Method: OoLS oLs (Newey-West oLs OoLS .
X (Newey-West correction)
correction)
Dependent variable: priceretai Apriceretail Apriceretail Apriceretail priceretail Apriceretail Apriceretail Apriceretail
. 1.032™" 1.009""
PriCewholesale (0000) (OOOO)
- -0.085""" -0.085™" -0.067"" -0.083"" -0.083"" -0.077"""
o (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
"g Aprice 0.345™"" 0.345" -0.079 0.209°"" 0.209 -0.110
g wholesaleincrease;—; (0.000) (0.076) (0.619) (0.000) (0.147) (0.338)
g APTice, notesate 0.210""" 0.210™ 0.044 0.259""" 0.259""" 0.144""
° decreaser—q (0.000) (0.037) (0.610) (0.000) (0.000) (0.009)
g interaction: 0.932" 0.716™
§ InteractioNincrease (0003) (0003)
- interactiondecrease 0.320" 0.162
(0.014) (0.090)
constant 0.934""" -0.002 -0.002 -0.005 1.071™" 0.003 0.003 0.000
(0.000) (0.478) (0.680) (0.256) (0.000) (0.261) (0.503) (0.938)
R? 0,954 0.244 0.935 0.202
Number of observations 913 912 912 912 913 912 912 912
Autocorrelation of residuals 0.093 5.609"
Diagnostic (Breusch-Godfrey) (0.761) (0.018)
tests Heteroskedasticity 525.80""" 359.53™"
(White) (0.000) (0.000)
Apricewholesaleimrwseh1= Apricewholesaledecreaset_1 (OYSE)S34) (OY7E6561)
interactionincrease = interactiondecrease NO* NO™
(0.066) (0.028)

Hok ok

p-values are provided in parentheses; *, **,
Note: Own calculations.

indicate statistical significance at the 90%, 95%, 99% levels.
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Table 4.
Estimation Results of the Response of Wholesale Prices to Changes in Market Prices
Model: ® [ ao | an [ a»y | a3y | ao [ as ] 6)
Fuel: ON | PB95
] OLS OLS
Method: OLS OLS (Newey-West correction) OLS OLS (Newey-West correction)
Dependent variable: T Apricewholesa | ApriCeyholesa | APriCewholesa | PriCeholes | APriCewholesa | APIiCEwholesa ApTiCeumoiese
le le le ale le le
fice 1.626™" 1.384™
Pr1CCmarket (0.000) (0.000)
e -0.031™* -0.031™ -0.032" -0.028"" -0.028™ -0.032™
© vl (0.000) (0.033) (0.023) (0.002) (0.040) (0.015)
;3 Aprice 0.734"™ 0.734™ 0.499 0.519" 0.519™ 0.303
g marketinrease;—y (0.000) (0.041) (0.254) (0.000) (0.027) (0.300)
= Apri 0.250"" 0.250 -0.150 0.383™" 0.383"" 0.018
5} prlcemarketdecreaset_l
< (0.002) (0.126) (0.422) (0.000) (0.000) (0.888)
& interactioninerease 0.592™ 0544
2 (0.056) (0.015)
B interaction 0.845™ 0.761""
decrease (0.000) (0.000)
constant 1.232"" -0.011™ -0.011 -0.014 1.663™ -0.003 -0.003 -0.005
(0.000) (0.032) (0.366) (0.255) (0.000) (0.555) (0.748) (0.555)
R? 0,745 0.129 0.788 0.136
Number of observations 913 912 912 912 913 912 912 912
Auto::srir;ﬁ;lson of 42,085 11.159"
Diagnostic (Breusch-Godfrey) (0.000) (0.001)
tests Heteroskedasticity 190.38 145.03
(White) (0.000) (0.000)
Apricemarketincrease,_, YES YES
APTiCemarket gocreasey..; (0.316) (0.662)
interaction; = interaction, YES YES
mcrease decrease (0.442) (0.394)

p-values are provided in parentheses; *, **,

Note: Own calculations.

* kk KEk

indicate statistical significance at the 90%, 95%, 99% levels.
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Similar results were obtained when analysing the impact of wholesale crude oil
prices on retail gasoline prices. Wholesale prices are also a good predictor (R? =
0.935) for retail prices (model 5). However, the error correction model regression
(model 6) using the classical least squares method is affected by
heteroskedasticity and additionally by autocorrelation of residuals. After
applying the Newey-West correction (model 7), the parameter associated with
lagged increases in prices became statistically insignificant, which significantly
complicates inference. Therefore, a model with interactions (model 8) was re-
estimated. The results indicate that these interactions are significant at the 90%

level, and retail prices respond more strongly to increases than to decreases. This
interactionipcrease _ 0,716 _

asymmetry is larger than in the case of diesel fuel (- - = =

interactiongecrease 0,162
4,42) and remains statistically significant, indicating no evidence for rejecting
hypothesis H2b. Similar to diesel fuel, the return to the long-term relationship
between wholesale and retail prices is slow.

Wholesale prices of diesel fuel respond to changes in crude oil market
prices differently. Based on model (11), it should be noted that the lagged change
in crude oil prices significantly affects the current level of wholesale prices, which
aligns with the earlier cointegration analysis. More importantly (model 12), the
differences between the responses to increases and decreases in crude oil prices
on wholesale price changes are not large (parameters are 0.592 and 0.845,
respectively). The conducted test showed that these differences are not
statistically significant, allowing for the conclusion that wholesale prices respond
with a similar (same) intensity to changes in crude oil prices, regardless of
whether those prices are increasing or decreasing. Similarly, it was shown (model
16) that there are no differences between the responses of wholesale gasoline
prices to increases and decreases in crude oil prices. As a result, hypotheses H3a
and H3b should be rejected.

In summary, based on the analysed data, it is reasonable to conclude
that there is asymmetric transmission from wholesale prices to retail prices for
liquid fuels, both crude oil and gasoline. Retail prices increase more when
wholesale prices rise compared to the decrease in retail prices following a fall in
wholesale prices. This asymmetry arises solely from the transmission of
wholesale prices to retail prices, as no difference is observed in the response of
wholesale prices to increases and decreases in crude oil prices.

5. CONCLUSIONS

The aim of this article was to examine whether there were asymmetric price
transmissions between the market prices of crude oil and wholesale prices, as
well as between wholesale and retail fuel prices in Poland between 2007 and
2024. Three main research hypotheses were tested:
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e H1: The series of retail and wholesale fuel prices in Poland and the
market price of crude oil are cointegrated.
e H2: Retail fuel prices in Poland change asymmetrically in response to
increases and decreases in their wholesale prices.
e H3: Wholesale fuel prices in Poland change asymmetrically in response
to increases and decreases in the market price of crude oil.
The quantitative analysis did not provide evidences for rejecting the first and
second research hypotheses. The third hypothesis was rejected. This means that
there was a long-term relationship between crude oil market prices and both
wholesale and retail fuel prices in Poland. However, the response of retail prices
to changes in wholesale prices was not symmetric. When wholesale diesel prices
increased during the studied period, the retail price increase was 2.91 times
stronger than the decrease in retail price when wholesale prices fell. This
asymmetry was even greater in the gasoline market—prices changed 4.42 times
more in response to an increase in wholesale price compared to a decrease.
Leszkiewicz-Kedzior (2014) notes that gaining additional profits by gas stations in
this manner is possible because fuels are basic goods with low price elasticity of
demand. No asymmetric transmission of prices was observed between market
prices and wholesale prices. The results are consistent with most studies
conducted using different methods for shorter time periods (Laszkiewicz-Kedzior
& Welfe, 2014; Ztoty, 2023), although, for instance, Socha's (2014) findings of no
asymmetry in the gasoline market were not confirmed.

The presented analysis can also serve as a starting point for further
research. It would be interesting to investigate whether the observed
asymmetric price transmission occurred in every subperiod or whether there
were subperiods with symmetric price transmission. It would also be interesting
to explore whether wholesale or retail fuel prices are dependent on the political
cycle and whether politicians, who influence companies in this market, use this
to gain votes from the electorate (see: Egli, Schmid, Schmidt, 2022). A
comparative analysis of more countries could help identify the determinants of
asymmetric price transmission in the liquid fuel market.
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